
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



LEACHING AND SURFACE RUNOFF LOSSES OF SULPHUR .A.ND 

POTASSIUM FROM A TOKOHARU SOIL 

A thesis pr esent ed i n par tia l fulfilment 

of the requir -2m e.nts for the De gree of 

Master of Pnilosophy in So il Science a t 

Massey University 

Christine M. SmHh 

1979. 

n -



ii 

ABSTRACT 

Sulphur and potass:it:m surface ar .. d subsurface drainage water losses 

from grazed pas tures on a yellow-grey earth soil , the Tokomaru silt 

loam, -..:ere investigated j_n field e,:periments . Runoff losses from 

undrained c.r..<l dr;;dn 8d p2.s tures f e rtj_lised in spring or autumn were 

measur~d ov e r a six week winter interval in 1976 . Losses frohl 

undrnined pastures were meas~~ed throughout the runoff season in 1977. 

Iu 1917 , S nnd K leachi ng losses from pastures fertilised in spring 

o:o: :wum,n . 1.:cirr.!. determi ned Ly measurin g tile drainage water losses 

and r ionitori,.f, changes 1.r; so j_l S a.nd K l evels . An ~t terap t was a l s o 

n,;:cie t ·::i rcJ :;U• soi l S a nd K l evels t o ti.le drainage water losses . 

Thi s fielJ stucly i llu s tra tes that S0 4 -S is readily lea ched in 

the Tokorr.n:.: ,; f:: ilt loam . Losses i n tile drai rn1 ge w;:i t e rs oc curred from 

all. dcpU1s abov'°'! the mole dtains (i.e. 45 cm depth) during indiv i dual 

iJ.:::,;; c,:cnt:s . On avcra;·;;c 7 . 5 kg dissolved S0 1,-S ha- 1 r,;as lost L ~om the 

two non- irriga t ed pas t ures fer tilised in spr i ng . An additional 6.7 kg 

"0 C: • ·- l .l • ' ..l • ' 1 d . £ l ., 4 - · , , na 1,:as uiscn.axgel: 1.n t i e ra1.nag(?. waters rorn two irriba t ec 

pastures f er t i lised in spring (j .e. tota! 14 . 2 kg S0 4 -S h a - 1
). 

Evid enc.:e :i..ndicated t hat S0 4 -S may have bypa ssed the drains in w;.iter 

SE~e ping b ey<.Hl<l i:he [ragipan . 

An auttmm applicat ion of fertili s er S ( 4 5 kg S ha- 1
) signifi­

cantl~ enhanced the extent of lea~hing . The equivalent of 10% of the 

a ppl:lc~d S (4.47 ± 1.5 kg S0 4 ·-S ha- 1 ) was leach ed over a period of 17 

,,:r..eks f::- om .Jul y 1. t o Sept eml~er 21. Losses occurred thr oughout chis 

period . Ou a·,craze, 15 . 2 kg S0 4 ·-S ha- 1 was discharged from the t wo 

nor:.-·in:ig:.1 tf)d p:3.stures fertilised in autumn . An additional 3.4 kg 

S01;S ha- 1 
W.:'\S l ost f·c om ti1 2 t•,10 irrigat:ed pastures. 

An np?reciable quantity (13. 8 kg sc~-s ha- 1) of the fertilis er 

~·~ appl l.ed i 11 c.1.u t u1nn but net leacl1ed in ti le d~2 inage ~vat ers, ,,a s 

i:ecr,ver('.<l as uater sc1 uble S0 1,-S , le2.ched below the 20 cm deptb (i. e . 

below t he zone from which pas tur e spe.cies ar e likely t o obtain most 
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of their S, 

Over a period of six weeks in 1976·, 0.9 kg S01+-S ha- 1 was lost in 

surface runoff from an undrained pasture· fertilised (19 kg S ha- 1 in 

superphosph&te) in spring . Less S01+-S was lost from the associated 

drained plot (0 . 2 kg S01+-S ha- 1 ) . Undrained and drained plots 

fertilised in autumn (57 kg S ha- 1 in superphosphat e ) lost 8% and 

1.8% of the S applied (i.e. 5 . 5 and 0.9 kg S01+-S ha- 1 ) respectively. 

In 1977, on aver age only 0,8 kg S01+-S ha- 1 was transported in surface 

runoff off two undrained plots fertilised (36 kg S ha- 1 in super­

phosphate) in s pring . An average of 8.0 kg S01+-S ha- 1 was lost from 

two plots ferti lised (55 kg solution S ha- 1 ) in autumn . Hence surface 

r unoff is an important Sloss mechanism if undrained plots are 

fertilised in autum. 

Sulphur received in the rainfall over a five month interval in 

1977 amount2d to 3.1 kg ha- 1 • 

From t. he11e results it -...ms concluded that total drainage water 

losses from non- irrigated , drained pastures were likely to be l argely­

off set hy S 1:cceived in the rain in 1977. A significant net S loss 

(in r.c;} at ion to annual pasture S requirements) will have occurred from 

pastures irr jg3tcd the precedir,g sunm1cr and/or f ertilised in autumn . 

Sulphm:· .r crt:ilisation in autumn and winter i s not recommended. 

Under the c:onai tions lil~cly to prcv2.il at this time an appreciable 

fraction of th·~ il.pplied S ma:• be lost in drainage wa ters. 

Resulls of this study indicate that leaching is not an i mportant 

Kloss process in the Tokom.aru s ilt lonm. Dissolved K l eaching losses 

fro:n p;istures fertilised in spring or autumn averaged 4.66 and 4 . 05 kg 
V h -1 • 1 r, a re~pec: t :i.ve y. 

Pc t ass ium surface runoff losses are generally of no consequence. 

In 1976 only 1.1 kg K ha- 1 was lost from an undrained pasture 

f ert:i.lised (50 kg K ha- 1
) in spring, whilst 0.3 kg K ha- 1 was 

disc.h:: rg~d -from the aGsociatcd drained plot. A minimal fract ion (3%) 

of the K applied in autumn (50 kg K ha- 1 ) to an undrained plot was lost 

in surf&cc runoff. Less than 1% of thcr-t applied was discharg<::d from the 

associated dr~ined plot. Throughout 1977, on aver age , 1.35 kg K ha- 1 

WdS discharged f:rum uc:drainecl plots fertilised (57 kg K ha- 1 ) in 

S?l'.:i.ng. A(l. additionel 3 . 7 5 kg K ha -i was lo st from pastures fertilised 

(55 kg K l,a - 1 ) i r1 autumn. 

R~infall K ad:litions ro~asured ever a five l!lonth interval jn l 977 
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were low (total 1.4 kg K ha- 1). However, because of the trend for K 

concentrations to vary on a seasonal basis it was concluded that K 

received in rainfall throughout 1977 was likely to largely offset 

total drainage water losses from undrained and drained pastures. 

The results indicate that K deficiencies in pasture on K retentive 

yellow-gr ey earth soils are not attributable to drainag e water losses. 

Regression analyses showed that S0 4 -S concentrations in leachate, 

but not S0 4 -S loadings , were significantly related to water soluble 

soil S0 4 -S levels (0-40 cm), determined at frequent intervals during 

the drainage season, if the quanti ty of water percolating through 

the soil is measured, No relationship was found between measured 

water soluble or annnonium acetate extractable soil K levels and 

leachate K concentrat ions or loadings . 
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CHAPTER I INTRODUCTION 

· In grazed pastures, nutrient ions move continuously £:com the soil 

to the plant and back into the soil, either directly in plaut residues 

or indirectly via the grazing animal . Nutrient ions exist i n a 

varie ty of soil, plant and animal pools within this cycle. Addit ions 

to and l osses from t he cycl e occur.by a variety of processes. 

Within this cycle , the size of a particular plant available soil 

nutrient pool a t any one time (assumfng the other nutrient l evel s are 

adequate) , controls and may limit plant growt h and hence ani mal 

produc tion. 

Fac t.ors which influence the size of the plant available pool, 

aside from the xate of p!ant nutrient uptake , include: 

(i) the r ate at which the r.utrient ion is recycled into the 

plant ava ilable soil pool , and 

(ii) the balance betw~en non- cy~lic additions to and l osses from 

the plant available soil nutrient pool. 

If the r elative i mportance of thosP. factors affec ting the pool 

s i ze can be defined, the principal factors r esponsible for inducing 

pasture nutt""ien t deficiencies can be determined and reasoned improve­

ments rnade in management practices . 

The most widesp r ead nutrient deficiency in New Zeal a nd pastures 

is .phosphate-phosphorus . The P-cycle in grazed pas tures, and the 

i mportance of various loss mechanisms in inducing P deficiencies have , 

however , been studied in some detail . 

Pasture production is al so frequently limited by sulphur and 

potassium deficiencies. 

Sulphur dcficienciE:s eenerally follow a cessation in S fertiliser 

applications, but deficiencies do also occur in areas receiving 

regular S applications at rates sufficient to meet pasture requir.e­

ments . In some instances, the S cyc l e turnover rate may limit 

productivity. Net S immobiH.sation may also account for the 
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occurrence of S defic i encies. Frequently , however , pas ture S 

deficiencies in New Zealand have been attributed to significant plant 

available soil S0~-S losses in surface and, in part icular subsurface 

drainage waters . At the time this s tudy was cow.menced , S drainage 

water losses in New Zealand had not been measur ed in the field. 

In New Zealand pasture potassium deficiencies arc endemic on 

certain soils , In other a r eas , K def icieucies have arisen following 

the correction of other nutr ient deficiencies and subsequent increases 

in the general level of producLivity, · Ti.e K cyc l e turnover rate is 

unlikely to limit productivity as K, exi sting only in ionic . combina­

tion, may move rapidly through the cyc l e . Potassi um losses from the 

cycling pool mus t exceed additions to the cycle. Potassium l osses 

associated with grazing animals ma~ be important , Controversy exists , 

r egard ing the importance of K dr ainage water l osses i n promoting K 

de fic iencies . Drainage water K losses have not been i nvestiga ted in 

the f ield in New Zealand, 

The principal aim of this study was to measure plant available 

sulphate- sulphur and potassium surface and subsurface dr~inage wa ter 

losses , from a New Zealand soil in the field. 



CHAPTER II REVIEW OF LITEP~JURE 

II.I" SULPHUR REVIEW 

II, 1. 1 THE SULPHUR CYCLE IN GRAZED PASTURES 

Sulphur occurs in both organic and inorganic combinations in the 

soil-plant-animal cycle . Pasture S deficiencies may be induced by a 

slow S cycle turnover rate and /or the addition of insufficient S to 

3 

the cycling pool to offset the losses occurring from this pool. The 

relative importance of these factors in inducing S deficiencies 

(especially under New Zealand conditions ) is considered in this review. 

Included is a discussion on the nature of the various Spools in the 

soil-plant-animal cycle, the S turnover rate, and the processes 

whereby Sis added to or los t froITT the cycle. 

II.1.1.1 Soil sulphur 

In intensively used pastoral soils S occurs in several important 

pools, viz : 

(i) the readily plant available inorganic S04-S pool , 

( ii ) the organic Spools . 

II.1.1.1.1 The readily plant Pvailable so il SO4-S pool 

Water soluble and adsorbed sulphate-sulphur comprise the readily 

plarit available sulphur pool (e.g. Freney et al ., 1962). In most well 

drained soils of the humid-temperate regions SO 4-S in this pool 

comprises less than 10% of the total Sin the topsoil (Ensminger , 1954; 

Freney, 1961; Metson, 1969). 

Water soluble sulphate is immediately plant available. Several 

parts per mill i on ~ate r soluble sulphate-sulphur is typical in New 

Zealand soils (Blakemore et aI. , 1968). The level may vary on a 

seasonal basis however (Williams , 1968; Barrow, 1974), attributahle to 

the influence. of climatic conditions on S mineralisation, leaching, and 

plant uptake rates. Water soluble sulphate is in a rapid exchange 
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equilibrium with adsorbed sulphate. 

Adsorbed sulphate-sulphur levels are generally low (i.e. ~ 4 mg/ 

100 gm soil) in New Zealand topsoils (Bla kemore et al., 1968). Levels 

increase with depth in some New Zealand soils in association with 

increasing 1:1 clay mineral, allophane , and /or Al and Fe hydrous oxide 

content (Metson, 1969) which favour S0 4-adsorption (e.g. Ensminger, 

1954; Chao et al., 1962a, b). Adsorbed S0 4-S is l ess readily available 

in soils with a high , rather than a low, sulphate ad s orp tion capacity 

(Barrow, 1969) . 

The depth of plant S uptake is impor tant in assessing the size of 

the readily plant available Spool. Pasture S responses occurred on a 

yellow-brown loam , despite the presence of considerable S04-S (i.e. 

70-80 ppm S) in the 30-40 cm depth,. During (1972) concluded, therefore, 

that this subsoil S was not plant available. Till and May (1 970a ) also 

concluded tha t grasses and clovers obtained Sonly fro m the topsoil 

(i.e. 0-7.5 cm) as, in a field trial with labelled S, the specific 

activities of herbage and topsoil S ~,er.e approximately the same but 

consid er ahly highe r than the sp ecific activity of subsoil S. Thi s i s 

not, howev er, conclus ive evid ence, A limited amount of subsoil Smay 

have been taken up by the pastur e. 

In contrast , Gr e[;g ct al . ( 1977) repo r t ed uptake or subsoil S. In 

a sandy soil a nd s ilt loam, plant s obtained 24 % and 10% resp ectively of 

their S from subsoil depths (> 22.5 cm). The extent of the uptake zo~e 

reflected the depth of grass and clover rooting, Sulphur uptake 

occurred fr om a gr eat er depth (100 cm) in the sandy chan silt loam 

(60 cm), The extent of the S uptake zone also varied on a seasonal 

basis, with uptake occurring from greater depths under drier soil 

conditions (Gregg et al. , 1977). 

( ha-1 High producing grass-clov er swards i.e. > 10,000 kg D.M. 

yr7" 1 ) may require about 30-35 kg S ha- 1yr- 1 (refer II.1.1.2). However, 

as little as 10 kg ha- 1 readily available SO~-S may be present at any 

0ne time (Till and May, 1971). Therefore this pool must be replenished 

to meet plant requirements. The readily plant available Spool is 

replenished with the return of S0 4-S in animal excreta,by mineralisa tion 

of organic S, with a t mospheric S additions, ground and irrigation water 

S additions and f ertiliser S additions . 

Sulphur is lost from thi s pool and the soil-plant- animal cyclic 

pool, with net i mmobilisation in the soil oreanic fraction, losses in 
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drainage waters, and volatilization. 

II.1.1.1.2 Organic soil sulphur 

In humid-semi-arid regions, most of the topsoil Sis in organic 

form (e.g. Williams and Donald, 1954; Walker and Adams, 1958; Williams 

and Steinbergs, 1959). Jackman (19M) reported organic S l evels ranging 

from 560-2,000 kg ha- 1 in the upper 30 cm of a range of representative 

New Zealand soils . Organic S levels in subsoils are generally much 

lower (Jackman, 1964; Whitehead, 1964)~ 

Recently May et al. (1968) and Till and May (1970a, b; .1971) 

partitioned the organic soil S into two pools, viz: 

(i) an 'active' pool which turned over relatively quickly, 

(ii) an 'inert ' Spool with a negligible turnover rate. 

In their soil 50% of the organic S was held in the 'inert ' pool. In 

th e same manner Gregg (1976) identified ' active' and 'inert ' organic S 

pools in several New Zealand soils . However, in his study a much larger 

proportion, 90%, of the organic S was present in the 'inert ' pool. 

The 'active' organic S mineralisation rate deternincs plant 

availability of the organic S (Till and May , 1970a, b). In Till and 

May 's studies (1970a, b) the 55 kg S ha- 1 (0-25 cm) present in the 

acti ve or ~anic Spool turned over r Rpid ly enough to replenish the plant 

available inor ganic S0 4 -S pool. Pasture produe;tion was 11nu:mal.ly low 

because of the dry condit ions . Till and Hay (1971) concluded that, 

under favourable climatic cond itions when pasture S r equiremc11ts and 

SO b-S leaching los ses may be considerably higher the S mineralisation 

r ate may limit productivity . 

Under favourable growing conditions in Gregg's (1976) New Zealand 

study pasture S deficiencies occurred although about 70 kg S ha- 1 was 

present in the active Spool at any one time, A slow active S 

mineralisation rate apparently limited productivity (Gregg, 1976). 

Therefore, although a large quantity of Sis present in soils in 

organic form, a major fraction of this Smay be held in an 'inert ' pool 

which does not make significant contributions to the plant available S 

pool. The :active' organic S mineralisation rate may limit productivity 

in potentially high producing systems. 

II.1.1.2 The plant sulphur nool 

The plant Spool comprises that S present in the pasture tops and 
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roots at any one time. This pool will vary greatly in size depending 

on. pasture ~ana gement practices . A ro t ationally gr azed pasture with a 

dry matter her bage level of about 3,000 kg ha- 1 prior to grazing , if 

adequately s~pplied with S (> 0.3% (Metson, 1973)) will contain 9 kg S 

ha- 1 • Immedia tely afte r grazing only 1 , 000 kg D.M. ha- 1 may be present, 

with a S con t ent of only 3 kg S ha- 1 • The root dr y matter level will be 

more stable. Assuming a dry mat ter level of 1, 000 kg ha-1 with a S 

content of 0.15% (Gregg, 1976) another 1. 5 kg S ha- 1 will be present in 

the roots . 

The annual pa s ture S turnover figure will be considerably larger. 

Till and May (1970a ) reported that, under unfavourable growing conditions, 

15 kg S ha- 1 (j , e , about 10% of the total cycling Sin the soil- plant­

an i ma l cycle) ~as incorpora t ed annua lly into the plant tops and roots . 

New Zea l and grass-clover swards producing about 10 , 000 kg D.M. 

ha- 1 yr- 1 in the pas ture tops, if ad equately suppl ied with S, may 

inc orpor a t e about 30 k g S ha - 1 yr- 1 in the plant tops . Assuming a 

top-root pr oduction r 2t io of 3 :1 and a root S content of 0,1 5% (Gr egg ,. 

197G) ~ another S kg S ha- 1 will be t ied up annua lly in the roots. 

Alto3ether , t hen , h ighly produc tive New Zealand pas tures may incorp­

orate about 35 ke S ha- 1 yr- 1
• 

Pl2n t S i s r e turned t o t he soil S pool s in litter (top r esidues ) 

a nd r oo t res idues . Shamoo t e t al. (1968) reported tha t, in a gl ass­

house i nv es ti ga tion , a va r iet y of gr as s es and c lover s r e turned about 

30 gm of roo t debris /100 gm of f res h r oot tis s ue . Assuming r oot 

r esitlue S l evel s a r e s i milar to fr esh roo t S contents , only about 

1 - 1.5 k~ S r.a- 1 will be r e turned annually to the soil from high 

p~oduc ing New Zeal and pas tures . The contribution made by this S to the 

v a1ious soil Spool s has not been inves tigated. 

Sulphur r e turn in litter will vary dep ending on the level of 

pas ture con sumption by grazing animal s . With a pasture util i zation 

f igure of 7-5 %, 7.5 kg S ha- 1 may be r e turned in litter annually from a 

high produc ing pas ture (10 , 000 k g D.M . ha- 1 yr- 1 ) adequately supplied 

with S. 

II. l. 1. 3 The anil'lal sulphur pool 

The an imal sulphur pool compr ises t ha t S present in the grazing 

a nimHl at c1 ny one time . Animal S amounts t o only a small f raction of 

t he total cycling s. For ins t ance , a t a stocking rate of 2 . 5 lactating 



cows ha- 1 with a body liveweight in the order of 340-400 _kg each and 

a S content of 0.15% (Haynar.d , 1937), only 1.3 ·· 1.5 kg S ha- 1 will be 

t ied up in the animal. 

The annual animal S turnover figure will be lar ger. Assuming a 

pasture utilisat ion figure of 80% with an annual dry matter production 

figure of 10,000 kg D.M. ha- 1 , about 24 kg S ha-1 will be ingested 

annually. Both sheep (Till et al. , 1973) and dairy cattle (During, 

1972) retain abou t 10% of the S ingested . Therefore most of the S 

ingested is returned to the pasture in excreta . 

Sulphur returned in excreta (i . e . about 90% of the S ingested) 
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is largely jn the immediately plant available inorganic sulphate-sulphur 

form (Barrow and Lambourne, 1962) . Sulphur cycling via the ani mal, 

ther efore, avoj<ls the slow process of plant residue decomposition and 

S mineralisation, effectively increasing the S cycle turnover rate 

(Till, 197 5). Sulphur cycling via tl,e animal is nevertheless a n 

ineffjcient process because of both the uneven excretal return 

distribution pattern and cycling-S losses ·which occur (refer 11. 1 . 2 .4)_. 

II . J • 2 su1rmm LOSSES FROM THE CYCLE 

Snlphur m<1y be lost from tl,e cycle in surface and s ub surface 

dra:i.n.:ige w.1tcrs , by net immobilisation of S in the soil oq:;anic fr·oction, 

by volatilis~tion , in animal products , and in animal excreta returned to 

unproductive sites . 

II.] . 2 . 1 Sulphur drainage water losses 

Sulphur is transported (generally as the dissolved S0~-S ion) in 

both surface and subsurface drainage waters . Losses from the plant 

available soil S pool (and the cycling-S pool) occur with 

(i) i;,ovemeht over the soil surface, in surface runoff, to 

streams and with 

(ii.) movement in percolating ( subsurface drainage) water 

beyond the zone of plant S uptake. 

Research findings and the experimental techniques used to investi­

gate S drainage water losses are reviewed . 

II. L 2 .1.1 ~~bur leaching losses in laboratory an~ glasshouse studies 

Sulphur J.eaching has been investigated in laboratory and glasshouse 

studies. Lof;ses ranging from 0-100% of the S applied (i . e . < 50 kg S 
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ha-
1

) have been reported in different soils with varying fertiliser and 

watering techniques . The results of a number of these studies, and 

experimental techniques used are given in.Table I. 

Losses in laboratory and glasshouse studies will not refect actual 

S losse& occurring in the field. The amount , velocity and pattern of 

soil-water movement , the soil solution S04 -S concentration and hence 

the extent of S 1.eaching is altered (Harward and Reisenauer, 1966). 

Several important factors, which are likely to have enhanced S losses 

in the s tudies reviewed in Table I, are discussed below . 

Air-drying soils enhances S movement in soils (Peverill et al., 

1975). Chao et al. (1962a), Hogg and Cooper (1964), Hogg (1965), 

Cooper and Hogg (1966), Hogg and Toxopeus (1966), and Huller and 

Mcsweeney (1977) all air-dried soils pripr to ~easuring S l eaching 

losses . 

Sieving and bulking to give a homo genous soil sample alters 

important soil ·properties (i.e. soil structure , porosity and s trati­

fic.:ition) which influence soil-wat e r (e . g . Ward, 1967) and hence S 

movement . llotrn and co-workers (19 64 , 1965, 1966 ) sieved and bulked 

soils before measuring S l eaching losses. 

' Edge-effects', associated ~ith the soil container interface, 

promote wa ter and S movement (Till and McCabe, 1976) . Only Peverill 

and Douglas (1976) atter.1pted to avoj_d this problem by waxi.ng the soil 

container intcrface. 

' Equilibration ' may also be an important factor influencing ion 

move::mcnt . Balasubramaniam et al. (197 3), for example , found that 

applying nitrate solut ion one week prior to, rather than immed iately 

befor~ irrigation, retarded leaching as soil -nitr.:ite equilibrium 

occur r ed . In l eaching column s tudies, solid S04-S applications to dry 

soils have gencrally been followed immediately by intensive simulated 

rainfal l events (e.g. Chao et al., 1962a; Hogg and co-workers , 1964, 

1965, 1966): The applied S04-S is unl ikely to have had time to 

equilibrate with these soils; whereas a typical rainfall pattern in 

certain regions would permit equilibration and hence reduce l eaching 

losses . 

The presence or absenc e of plants may be important. In the 

absence of grow:i.ng plants, a grea t er quantity of water and Swill be 

available fo~ l eaching. With one exception ( i.e . Peverill and Douglas, 

1976), plants wer e absent in the soil leaching column studies outlined 



TABLE I Sulphur leaching losses in laboratory and glasshouse studies . 

Soil 
properties 

(I 5) soils 
with widely 
varying 
character­
i s tics 

(1) Podzol 

(1) Podzol 

( 1) Podzol 

(3) Yellow­
brown sands 

(1) Organic 
soil 

(1) Yellov­
brovn 
pumice soil 

(41) Yellow­
brovn 
pumice soils 

(6) 'iellow­
brown l oams 

(1) Yellow­
brown 
pumice soil 
(YBPS) 

(1) Yellow­
brown l oam 
(YBL) 

(1) Yellow­
grey earth 
(Tokomaru 
silt loam) 

* 

Experimental 
techniques 

Soil leachinr, 
column study; 
0-175 mm soil 
depth; plants 
absent, 

Undistributed 
soil leaching 
column study; 
0-100 mm zoil 
depth; plants 
grown, 

Soil leaching 
column study 
using Hogg ' s 
(1960) 
leaching 
technique: ­
alternate 
leaching and 
drying phases ; 
0-75 mm soil 
depth'; no 
plants grown 

So:f.l pre­
treatment 

procedures 

Water applied 
or quantity 

leach.lte 

soil si~ved, 25-200 mm 
bulked a!ld water applied 
air-dr i ed 

90 mm water 
applied 

soil sieved, 20 lttl water 
bulked and applied 
air-dried 

II 

400 mm water 
applied 

600 mm wa ter 
applied 

400 mm wa t er 
applied 

Glasshouse pot soil s i eved 
experiment of and bulked 
1 years when moist 
durat ion; 

Yellow­
bi:own pumice 
soil-wa ter 
applied 
until 360 mm 
of l eachate 
collected . 
Yellow­
brown l oam­
water 
applied to 
collect 

0-200 mm soil 
dei:,th; plants 
grown 

Glasshouse pot 
trial of 2 
years duration 
0-180 mw soil 
depth; plants 
grown 

soil air­
dried, 
sieved 
and bulked 

250 mm 
leachate 

water 
applied 
until 
t,25 mm of 
l eachate 
collected 

New Zealnnrl s tudy. 

() refers to the number of s o ils studied. 

Sulphur 
fertiliser 
treatment 

45 kc 3 ~s / 
ha-1 in 
gypsum 

not 
fertil.ised 

Sulphur 
le.:icl,ed 

0-15% 
fertil­
iser S 

110 ke S/ha 90% fer-
in gyp ~um tiliser 

50 kg S/ha 
in super­
phospha te 

31 kg S/ha 
in 
elemental 
s 

s 

81% fer­
tiliser 
s 

19-33% 
fertil­
iser S 

25 or 50 85-100% 
kg S/ha in fertil-
supcr- iser S 
phosphate 

17-67 kg 
S/ha in 
gypsum or 
super­
phospha te 

25 or 50 
kg S/ha 
in super­
phosphate 

88 kg S/ha 
in powdered 
super­
phos phate 

88 kg S/ha 
in super­
phosphate 
granules 

88 kg S/ha 
in gypsum 

88 kg S/h;i 
as 
elemental 
s 
88 kg S/ha 
in powdered 
super­
phosphate 
plus lime 

106 or 264 
kg S/ha 
applied in 
super­
phosphate 

No f ertil­
i ser S 
11ppl1 erl 

95-100% 
f-ertil­
iser S 

33-100% 
fertil­
iser S 

2-6% 
fertil­
i ser S 

YBPS 50%, 
YBL 10% 
fertil­
i zer S 

YBPS 17% 
YBL 0% 
fertil­
iser S 

YBPS 36% 
YBL 29% 
fertil­
iser S 

YBPS 1%, 
YBL 2% 
fertil­
i ser S 

YBPS 44% 
YBL 5% 
fertil­
iser S 

20% fer­
tiliser 
s 

51 kg · 
S/ha 

Reference 

Chao ct al. 
(1962) 

Peverill 
and 
Douglas 
(1976) 

llogg 
and 
Cooper 
(1964 )* 

Hogg 
(1965)* 

Cooper 
and 
Hogg 
(1966)* 

Hogg and 
Toxopeus 
(1966)* 

Muller 
and 
Mc Sweeney 
(1974)* 

Muller 
and 
Mc Sweeney 
(1977)* 

9 
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in Tab l e I . 

Sulphate-sul phur leaching losses fr~m the upper 7.5 cm of soil 

have been measured in New Zec:.land soil leaching column s tudies . Gregg 

et al . ( 1977), however , reported that subsoil S01i-S may be available. 

As subsoils fr equently exhibit a greater ability to adsorb S0 4-S than 

topsoils, leaching losses from the plant uptake zone are likely to be 

l ower t han measured losses from the upper 7 . 5 cm d epth . 

For the reasons discussed above S leaching l osses in the field are 

generally likely to be considerably lower than l osses occurring (Table 

I) in the soil leaching column and glasshouse studies . 

Laboratory and glasshouse studies have , however, been useful i n 

detcrminir,g 

(i) the influence of soil properties on t he extent of S 

leaching, and 

(ii) the relative susceptibility of various ferns of 

fertili ser S to leaching . 

Chao et al. (1962a) reported that less S0 4 -S was l eached from S04-S 

r etentive thar. r.on-retentive soils . Leaching s tud ies undertcikcn :i.n 

New Zealand have also shown tha t the extent of S04 -S leaching is r elat ed 

to the so il S01;-S adsorption car3c ity. Hogg and Toxopeus (1966), for 

instanc e , reported lower S04-S leaching losses from weakly sorbing 

yellow-b~own pumjce soils tha:1 S0 4 -S retentive yellow-brown loams 

(Table I). 

MullP-r and Mcsweeney (1974) attributed the smaller measured S0 4 -S 

lea ching l osses fr om a sand than stony silt loam (Table I) to two factors, 

viz : 

(i) organic matter accumulatl.on, and hP.nce fertiliser S 

immobilisation in the sand , reducing the quantity of 

so~-s liable to leaching, · 

( ii) a higher soil water holding capacity which reduced the 

quantity of water percolating through the soil . 

Both the chemical and physical form of S fertiliser applied, has 

been shown to influence S leaching losses in soil column a nd glasshouse 

experiments (Hogg and Cooper, 1964 ; Aylmore et al., 1971; :Huller and 

KcSweeney, 1974). Elemental Sis less suoceptible to leaching than 

calcium sulphate, in either the anhydrite form in superphosphate or the 

djhydrate form : gypsum (Hogg and Cooper, 1964; Muller a nd Mcsweeney , 

1974) . Sulphur in granul ar superphosphate is l ess susceptible to 



leaching t~n Sin powdered superphosphate (Aylmore et al., 1971; 

Muller a nd Mc Sweeney, 197 4). 
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The application of other fertilisere and accompanying ions in S 

fertilisers may a lso influence the extent of S leaching. Chao et al . 

(1962a) found tha t lime , and phosphate to a l esser extent, promoted 

S0 4-leachi ng . Cooper and Hogg (1966) failed to record such an effect; 

a t tribu tabl e probably to the fact that even prior t o liming or phosphate 

fertiltsation virtually no fertili ser S0 4-S was r etained by the soil. 

II .1. 2. 1. 2 St.1.lphur leaching losses in lysimeter studies 

Lysimc t ry r esearch findings and the experimental methods involved 

in these studies are summarised in Table II. Sulphur losses in thes e 

studies varjcd depending on soil properties, f ertiliser treatments , and 

experiment31 t echniques , Sulphur equivalent to 29-90% of that applied 

in superphosphat e or gypsum was l eaching in both short-term (HcKell and 

Williams , 1960; Williams et al . , 1964 ; Jones e t al . , 1968) and long-term 

studies (Muller , 1975) . Although Till and McCabe (1 976) also r eporte~ 

l~~~e S leaching losses (i . e . 25 kg ha - 1 yr- 1
), a negligible fraction of 

the 35 S applied ju s uperphosphatc was l eached . Elemental S leaching 

losses ~ere lcwer , r anging from 2. 6 - 58% of that applied (Williams et 

al ., 196~; Jones ct al ., 1968) . Increasin~ S particle size r educed the 

extent of J eaching (Jon\:O~ et a l ., 1968) . 

Lysin:et.cr studies do not measure actual losses occur r ing in the 

field (Stau U er and Rust, 1954 ; Dreibel bis , 1957; Fried and Broeshz.rt , 

J.967) . However-, the techniques used in lysimeter studies investigating 

S l eaching have , as discussed below, been particularly poor . 

Till and McCabe (1976) i llustr a t ed that free movement of wa t er 

along soil-container interfaces ( ' edge- effect s ' ) enhanced S losses . 

Four times as much 35 S was l eached-from the peripheral zone (6.7 % of 

the f ert iliser S) as from a central zone of equal area (1.7%) in a 

lysimet er of 0. 2 m2 surf ace area . The l arger the l ysimet er, the 

smaller the proportional influence of edge- effect s (Stauffer and Rust, 

1954; Fried and Broeshar t, 1967) . However. , the lysimet ers used when 

measuring S l eaching losses hav e all be comparatively small (i . e. 

< 0.3 m2 in surface area) . 

A prolonged ' soil settling' interval i s r equired prior to 

experimentatjon to reverse any soil property changes (occurring as a 

r esult of soil dj_sturbance during fulling ) which influence water 



Soil 

Sand 

Sandy 
·1oam; 
loam 
and a 
clay 

Yellow­
brown 
loac 

Loam 

* 

Experimental procedures 

Soil from 0-600 mm depth 
was layered in a 0 . 34 m2 

lysimeter; an 8 month 
' soil se~tling' i nterval 
prior to 1 year 
investigation, 

The study initiated by 
McKell & Williams (1960) 
~:as continued for 
another 3 years. 

Soil from 0- 600 mm depth 
was sieved, bulked and 
placed in 0 . 24 m2 

lysimeters ; a 2 week 
'soil settling' interval 
prior to a study of 2 
years duration . 

Soil from 0-600 mm depth 
placed in 0 . 2 m2 

lysimeter; study of 20 
years duration, 

Soil from 0-600 mm depth 
placed in 0,2 m2 

lysimeters; pr etreatment 
procedures not reported 
study of 252 days 
duration. 

New Zealand study, 

TABLE II Sulphur leaching losses in lysimeter studies 

Sulphur fertiliser 
treatment 

Control 
22 or 67 kg TT"s!ha 
in gypsum 

Control 
67 kg S/ha in 
.!ll'..E,SUm 

67 kg S/ha as coarse 
or fine elementals 

56 kg 3 5 S/ha in 
.&l.J?.SUID 

56 kg 35 S/ha as 
fine elementa l S 
56 kg 3-ss/ha as 
coarse elemental S 

Control 
272 kg S/ha i n 
powdered super­
fhosphate in year 1 

0.5 kg 35S/ha in 
aqueous MgSOo or 
255 kg 35S/ha in 
superphosphate 

Years 

0-7 

Interim r esults 

Average 
rainfall/yr, 

266 cm 

Tot a! S leached 

3.9 k_g S/ha 
26 . 7% 

fertilisers 
< 1.5 

fertilisers 

53.4 kg S/ha 
85% fertiliser 
S (i.e. 234 kg 
S ha- 1 ) 

Results over entire 
study interval 

Average 
rainfall/yr. 

795 mm 

324 = 

705 mm 

705 mm 

Average total S 
leached from 

each lysimeter 

13.0 kg S/ha 
77 . 5% 

fertiliser S 

5 . 3 kg S/ha 
36 . 77. 

fertilisers 
15.87. 

fertilisers 

82-98% 
fertHi ser S 

21- 58% 
fertiliser E 

2.6-11.5% 
fertiliser S 

66 kz S/ha 
86 7. fertiliser 
S (i.e . 234 kg 
S/ha) 

25 kg S/ha but 
< 0.1 kg of the 
fertiliser S 
i rrespective of 
S fertiliser 
rate 

Reference 

McKell and 
Williams 
(1960) 

\;illiams et 
al. (1964) 

Jones et 
al. (1968) 

Muller 
(1 975) * 

Till and 
McCabe (1976) 

..... 
N 
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movement and nutrient ion movement/unit of percolating water (Stauffer 

and Rust, 1954; Dreibelbis, 1957). However , indirect evidence suggests 

that, in ~kKeU and Williams (1960), Williams et al. (1964) and Muller's 

(1975) studies , insufficient time was allowed for 'soil settling'. 

Consequently, soil property changes influenced the extent of leaching. 

In Williams et al. ' s (1964) study S04-S leachir.g, in an 

unfertilised soil, occurred to a considerabl y greater extent in the 

flrst year (i.e. 3 . 92 kg S ha- 1
) than during the following t wo years 

(i.e>. average of 0.67 kg S ha- 1 yr- 1 ) although r ainfall was the lowest 

recorded . This sugges ts that soil disturbances may have promoted S04-S 

leaching during the earlier pa r.t of this investigation. This explana­

t ion would al so account for the very large leaching loss recorded from 

this lysimeter (13 . 0 kg S ha- 1 yr- 1
) in the earlier study undertaken by 

McKall and Willimns (1960). 

In Muller' s (1975) New Zealand lysirneter study, S04 -S leaching 

losses from an .unfertilised soil were large (averaging 9.1 kg S ha- 1 

yr- 1 ) but err atic, in the first six years of the 20 year study period . 

Subsequently, l esses gr adually decreased until, during the l ast 11 years 

le.'.lcliing losse;;, were small and relatively constant at less than 

1 kg S ha- 1 yr- 1
• Muller (1 975 ) attributed the larger leaching losses 

obs?rve<l early in this invcs t _iga tion t o the effects of soil <listurb­

ances during fulling , on the internRl soil drainage pattern . 

Till a nd McCabe (1976) did not measure S04-S l eaching l osses f rom 

unf er tilis eo lys imcters. However, the amount of wat er percolating 

through 20 replicate fertilised ly s imeters varied from 8-59% of that 

recciv!:!d, ind i cating a soil disturbance effect. This effect was 

reflected in widely varying (4.3 - 95.0 kg S ha- 1 yr- 1 ) S04-S leaching 

losses. 

It is not possible to analyse Jones et al. ' s (1968) results in a 

similar manner because of the manner in which the data was presented. 

Expe~i~entat i on followed only a two week soil settling interval . Soils 

were sieved and bulked prior to fulling the lysimcters. Both of these 

factors will influence the extent of S leaching. 

Nutrient leaching losses from bare soils t end to be higher than 

losses from pastures (e.g. Harward and Reisenauer, 1966). The annual 

resowing of clover when applying Sin the American lysimeter studies 

(McKell and Williams , 1960; Williams e t al ., 1964; Jones e t al., 1968) 

would probably raise S leaching losses above levels expected under 



permanent pastures . 

For the reasons discussed above it is difficult to interpret the 

lysimeter results given in Table II in terms of likely S l eaching 

losses occurring in the field under permanent pastures. 

II.1. 2 .1. 3 Sulphur drainage water losses in field studies 
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Sulphur dr?inage water losses may be most accurately determined in 

field studies, as the integra t ed effect of plant uptake , soil proper ties, 

aspect, slope and c limatic conditions on S movement is measured. The 

influence of grazing animals on drainage water losses may also be 

considered, Despite these advantages , few field s tudies have been 

undertaken. 

Sulphur leaching losses in the few _field investigations under t aken 

have been determined by a variety of methods . May et al . (1968), Till 

and Nay (1971) and Gregg (1 976) monitored the movement of l abelled­

fert iliser S down the soil profile, with time . Although this may be a 

very accurate method for inves t iga~ing l eaching , the high cost and 

dangerous nature of labell ed S isotopes limit it s widespread use . 

Gillman (19 73) and During and Cooper (1974) indirectly measured 

fe~tili ser S l ~aching losses f~um herbage S uptake and soil S levels . 

This S balance &pproach i s limi t ed in accuracy to the extent that S 

additions and los s es (other than drainage water l osses) from the soil 

are precisely measur ed . 

Kilmer et al . (1974) measured S losses in both sur face and 

subsurface drainage water by analysing the drainage water. This 

approach seems suitable for widespread use when 

(j) 8oils are mole and/or tile drained , 

(ii) catchments have an impermeable shallow bedrock, and hence 

the catchment streamflow·may be analysed to determine 

losses . 

Sulphur losses in these fie ld studies varied . May et al . (1968), 

Till and May (1971) and During and Cooper (1974) found that virtually 

no fertiliser S was l eached to subsoil depths, while Gillman (1973) 

r eported mass:i.ve fertiliser S losses from the upper soil horizons . 

Gregg (1 976) found that an appreciable fraction of the fertiliser S 

applied was leached to subsoil depths. Sulphur drainage losses from 

unfertilised catchments in Kilmer e t al . ' s (1974) study were 

insignificant in relation to annua l pasture S requirements. 
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A deta i led examination indicates that the variation in measured S 

losses be t ween these studies may be explained by differences in soil 

proper ties , climatic conditions or incorrect interpretation of the 

experimental r esults. Although little S l eaching occurred in May e t 

al. ' s (1 968) and Till and May ' s (1971) studies , rainfall was very low 

(e. g . fiO !Ill~ in 87 days (May et al ., 1963) ) . The quantity of water 

percolating to subso i l depths was , therefore , probably minimal, severely 

limiting t he extent of possible l eaching . 

Gillman (1973) concluded that fertiliser Snot recovered in the 

upper 100 cm of soil or by the herbage after three years (i . e . 90% of 

the 105 kg S ha- 1 applied in superphospha t e, a nd 73% of the 273 kg ha- 1 

of elemental S a pplied) was l eached beyond the 100 cm soil depth . 

Lateral surface and/or sub surface transport of fertiliser S (as 

dis solved S0:1-S and/ or discret e fertiliser S particles ) in water 

draining out of the 4 m x 4 ra experiment a l plots may, hm,;ever, account 

for the low ferti l iser S r ecovery figures . Thi s soil (having an 

impc:rneabl e clay horizon a t t he 250 cm dep.th) was saturat ed OG. several· 

occasion~ (G i llman , 1973) 11h1ch will tend to favour l ater al movement 

downslope . Lnt:era J. movemen t of S has been observed in a simila r soil 

in t he field (B~rrcw and Spencer , 1959) . 

In New Zealand, During and Cooper (1974) r eported t hat , in spite 

of 3,000 mm of excess rainfall (i.e . rain in excess of estimat ed 

cvapotran~piration) in five yPars , applied S (< 314 kg S ha- 1 in gypsum) 

djd not penetrate beyond the 45 cm soil depth . This s tudy was conducted 

on a highly sulphate r~tcntjve soi l and apparently the applied S was 

prc<lomlnantJy retained in adsorbed form in the topsoil . 

In contrast , fertili ser S moved to a d epth of 60 cm or beyond i n 

one year in sever a l New Zealand soils characterised by their l ow 

sulphat e adsorption c apacities (Gregg , 197 6). The amount of rainfall 

r eceived and soil texture influenced the extent of S movement in these 

soils . Labelled S was evenly distributed within the upper 60 cm of a 

sandy loam after 1,112 nnn of rainfall while, in another sandy loam 

receiving 466 mm of rain during t he same interval, S did not penetrate 

beyond the upper 30 cm. 

Under a simil a r rainfall regime, sulphur moved beyond the 60 cm 

depth in a sandy loam but r emained l argeJ.y in the upper 30 cm of a heavy 

s ilt loam. 

Gregg (1~76) concluded that the eff ect of S04 -S leaching must be 
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interpreted in terms of the pasture species composition and their 

S-uptake zone . In several of the soils ·studied, subsoil S0~-S (i.e. 

SO~- S below the 30 cm depth) was plant available (Gregg et al ., 1977). 

A variety of factors will influence the extent of surface runoff 

(Ward, 1967) cincl hence S runoff losses including the 

a) soil infiltration capacity, 

b) soil permeability, 

c) soil moisture content , 

d) r ainfall pattern (i.e. the amount, storm intensity and 

duration. 

e) vegetation type. 

For these reasons sulphur r unoff losses from both unfcrtilised 

and fertil ised pastures may vary considerably . 

Sulphur surface runoff losses from pastures have only been 

investigated in conjunction with S subsurface drainage water losses, 

Kilmer et al. (1974) measurcc total dissolved so~-s drainage water 

losses from 2 s t eeply sloping , unfert i lised ca tchment s receiving , on 

av0rage , 1, 070 mm of rain annuaJ l y . During a four year period an 

average of only 2 . 23 kg S ha~ 1 yr- 1 was l ost in surface and subsurface 

dra inage waters <lischarL-d into the catchment streams, 

Hamv r ay ctnd L; f 1.:en (1971), in the only investigation where S 

surface runoff losses have been differentiated from subsurfac e drainage 

water losses , measured l osses from f our unfcr t i lised , cropped soils. 

Losses varied , from 0 . 3 - 6 .1 kg S ha- 1 yr- 1
, closely reflecting the 

amount of water discharged from these gently s loping (3-6% slope) plots, 

In this study surface runoff was ponded in low-lying depressions for up 

to eight hour s prior to sampling . -Water infi ltrated into the soil 

during this i nterval. Losses from areas not drained in this manner 

would tend .to be higher. However, losses from pastures on this soil 

are likely to be lower as the denser soil vegetation cover will tend to 

reduce surface runoff water yields, 

Fertiliser. S surface runoff losses have not been investigated, 

Calcium sulphate has a low but significant solubility in water (2 g 1-1 

at 20°C) anci losses could occur by simple dissolution in water flowing 

over the soil surface, Discrete superphosphate and elemental S 

pa rtic] es might also move downslope in surface runoff , particularly 
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when high intensity storms occur soon after fertiliser S applications. 

II.1.2.1.4 Conclusions 

Sulphur losses in drainage waters have been investigated in 

l aboratory , glasshouse, lysimeter and field studies . 

Leaching losses in laboratory, glasshouse and lysimeter studies 

varied widely. Detailed examination of the l echniques involved show 

tha t the extent of S movement in these investigation.s may bear little 

relationship to losses occurrjng in the field. 

Research approaches used and measured S drainage wa ter losses in 

field studies have varjed. Analysis of tile drainage waters, the most 

direct approach for measuring leaching losses , has not been used . 

Surface runoff losses have only been investiga ted in one ovcrse.is study. 

It i s difficult to extrapolate the findings of this study to oth er 

sites and agricultural systems (e.g. cropping vs pastural) because of 

the complexity of the system under cons ideration. 

Further research, inves tigating the magnitude of drainage water 

losses , i s required under New Zealand conditions . 

II.1.2 . 2 Sulphur irnmobili sntJon losses 

Plant avail able soil S0~-S levels are influenced by mineralisation 

and i mmobilisation (i.e. the opposing process) rat es . Sulphur is 

immobilised in the soil organic fraction by mic r obial incorporation of 

inorganic soil Sand with the return of organically bound Sin plant 

residues and animal excret a . In a steady-state system the rate of 

immobilisation balances mineralisation and organic soil S l evels rE:main 

comparatively constant. However , the establishment of p,rass-·clover 

associations begins a phase of soil organic matter accumulation ,-;1hich 

is enhanced by the application of fertiliser P and S ( e . g . Wa~_ker, 1956; 

J a ckman, 1964). Net S immobilisation occurs during this phase, and S 

immobilised is los t from the S cycle . A number of studies indicate 

that substantial quantities of Smay be immobilised before a new higher 

steady-state or.ganic matter content is attained , 

Hings ton (1959), in an Australian inves tigation, reported net 

immobilisation of 10-15 kg S ha- 1 (0-15 cm) yr - 1 in several fertilised 

soils under permanent pasture for 3-27 years. 

Jackman (] 964) found that organic S levels increased by 7. 2 - 18. 5 

kg S ha- 1 (0-1 5 cm) yr- 1 in a range of New Zealand s oils under grass-
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clover pastures for 30 years. Estimates of the half-life f or new 

organic matter s teady state contents to be attained in these soils 

ranged from 2-42 years. Jackman (1964) concluded, however, that these 

estimates. were subject to large errors . 

In another New Zealand study, During and Cooper (1974) concluded 

that 30% (i.e. 55 kg S ha- 1 ) of the fertiliser S applied to a yellow­

brown loam over a period of five years , was apparently immobilised in 

the soil organic fraction. 

Burke (1975) reported a two-fold increase in organic soil S levels 

over a 25 year period. The pasture had been both irrigated and 

fertilised throughout this period . 

These studies indicate that S im.~obilisation may be an important 

cycling-S depletion process for an extended period of time after grass­

clover pas tures are established. 

II.1.2.3 Sulphur volatilisation lo sses 

Nicolson (1970) postulated t hat significant amounts of S ~ay be 

los t in gaseous forms under aerobic soil conditions at local sites 

where reducing conditions exist . Recent research findings (Lovelock 

et a1. ·, 1972; Swaby and Fedel, 1973; Sachder and Chhabra, 1974; and 

Banwart and Br.emner , 1976) suggest, however , that losses are likely L0 

be minimal und er condi t i0ns encountered in pastures. Bam7art and 

Bremner (1976), for instance, found that ~ 0.00L,% of the S added (at a 

very high r ate of 400 µg S gm- 1 soil) was lost in volatile compounds 

over a period of 60 days under aerobic and anaerobic soil conditions . 

Soils sorb volatile S compounds and the levels of gaseous S detected in 

these incubat ion s tudies must, therefore , be recarded as indicating the 

minimal level of volatilisntion (Banwart and Bremner, 1976). Neverthe­

less, on the basis of existing resear.ch findings , it can only be 

concluded tha t volatile S losses are negligible under pastures . 

It is gEnerally · thought that volatile S losses may be more 

important under urine spots (e . g. Walker, 1957a) . No research has been 

undertaken to verify or negate this assumption. 

II. 1.2.4 Sulphur losses associated with grazing animals 

Sulphur is lost from the S cycle in animal products and in urine 

and dung deposited in unproductive sires outside the grazing area. 

Sulphur deposited in sheep camps may also be effectively lost from the 

S cycle. 



The actual quantity of S lost f rom the cycle by these means has 

not been measured . However, losses have been estimar.ed to vary from 

3-7 kg S ha - 1 annual l y, depending on the type of grazing animal and 

stocking rat es (During, 1972). 

J.9 

In terms of the tota l quantity of Sin the S cycling pool (i .e . 

100-300 kg S ha - 1 (Till and May, 1970a , b; Gregg, 1976) ) these losses 

are likely to be insignificant en an annual basis . Ho~ever, in the 

l ong-term they ar e likely to limit productivity unless natural S 

a dd i t ions are l arge or fert i l iser Sis applied . 

II.1.2.5 Conclus ions 

Recent research suggests that sulphur immobilisation lo :::ses under 

grass-clover swards , and l osses associated with grazing animals may, 

in the long-term , con s ider abl y depl ete the S cycling pool unless 

ba l anced by S additions t o the cycle . Sulphur volatil isati on losses 

are likely to be negligi ble . However, the importance of S losses in 

drainage waters is debatable . Although a fe•;J field stud ies have been 

conducted overseas , the results of these investigations have been 

i nconclus ive. Whils t it i s frequently assumed t hat S leaching is 

lll.'.ljor process responsib1e for inducing S deficiencies in New Zea l and 

pastures , only Gregg (1976) has monitored S movement within New 

Zealand soils . Surface runoff S 1 osse :1 have not been investigated in 

New Zealand. Further investigations into S losses in both surface 

and subsurface draina ge wa t ers are essen tial to clarify the situation 

and hence , if possible, i mprove the efficiency of S use in grazed 

pastures. 

II.1. 3 SULPHUR ADDlTIONS TO THE S CYCLE 

Sulphur may be added to the cycling pool in precipitation , wi th 

soil and plant foliar sorption of gaseous S compounds (atmospheric S 

additions ), in ground and irrigat ion waters, with the weather ing of 

S-bearing minerals and in fer t ilisers . 

II.1. 3 .1 Atmospheric S additions 

Precipitation, collecting S containing gases and particle s , may 

be an impo~tant S source replenishing the plant avail able soil _S pool 

in coas t a l and thermally active regions, and near swamps and large 

indus trial centres (Whitehead , 1964). 

In New Zealand , published rainfall S additions range from less 
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t han l kg S ha - 1 t o 15 kg S ha- 1 annually . Muller (1 975) r epor ted t hat, 

on average, 13.2 kg S ha- 1 yr- 1 was added in rai nfall in a suburb of 

Auckland over a 20 year period, Indus trial fumes, thee.mis sion of H2S 

from nearby mudf l a t s and SO~-S ca rried in sea-spray cont ributed t o 

their figure . Sulphur inpu~ s , including dust, of 10 kg S ha- 1 yr- 1 

have been r ecord ed near Wellingt on (Miller, 1968) . However, S 

additions in precipita tion d ecrease r a p i dJ.y on moving i nland as 

illustra t ed·, for a transect of the South I s l and, i n Ta ble III. 

Table I II Mean values f or 3-4 year s of S0~-s in pr~cipitation 
(excluding dus t) for a transect of the South I s l and 
(Walker and Gregg (1 976 ) based on Horn' s unpubl ished da t a ). 

km f rom so~ --s 
Site Eas t Coas t West Coas t kg ha- 1 yr - 1 

Lincoln 22 4.0 

Dar f ield 42 l. 7 

Torlesse 67 1. 9 

Cass 100 1.1 

Beal ey 109 1. 0 

Arthurs Pass 122 51 3 .4 

Taipo 29 3 . 7 

Kumara 3 3 . 6 

Sulphur inputs as l ow as 0 . 6 kg S ha- 1 yr- 1 have been measured at Tara 

Hill s , a remote inland sit e i n centr a l Ota~o , characterised by very low 

aver age annual rainfal l (Rukunia Soil Research Sta t ion Annual }~·: ports 

1959 , 1960) . 

Lit t l e information is avai l able on rainfall S i nput s at North 

I s land coastal and inl and s ites . At Ma rton onl y 18 km f ·r om the coast, 
·- 1 

annua l S add itions in 1959--1962 wer e 2 . 02 , 2 . 35 , 1.95 and 3 . 80 kg ha • 

Atmospheri c and r a infall S l evel s varied f r om month to month i n an 

err a tic manner (Rukuhia Soil Resear ch St a t ion Annual Repor t s 1959 , 1960 , 

1961, 1962) . 

Direc t soil a bsorpt ion of gaseous S ccmpounds may b e an i mportant 

soil S source if atmospheric S lev el s are high (e . g . Alway et a l . , 

1937). In New Zeal and a t mospheric S l ev el s have onl y been measured at a 

f ew inland and coastal s ites i n non-i ndustrialised areas (Rukuhla. Soil 

Research Annual Report 1958) , Level s were l ow , 

Atmospheric Smay al so enter t he S cycle by direct fo l iar 
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absorption of S02 (Olsen, 1957; Jensen, 1963). Pl ants absorb more S0 2 

when plant available soil S levels are inadequate (e . g. Cowli;:i.g et al . , 

1973). The amount of S entering the S cycle in this manner will be 

related t;o atmospheric levels and hence , generally low in New 

Zealand (Walker and Gregg, 1975) . 

II.1.3.2 Sulphur additions in irrigaticn 2nd ground water~ 

Available S04-S enters the cycling S pooJ. in several areas 0f New 

Zealand where fluctuating, shallow, ground-waters are influenced by 

sea water , or weathering of minerals at subsoils depths in weakly 

weathered soils (Blakemore et al . , 1969; Walker and Gregg~ 1975). In 

several soils in Central Otago (Blakemore e t al. , 1969) ground-\,•a.r:cr 

sulphate was available to lucerne but was present at too great a depth 

for clover S uptake. At a site near Lincoln gr·ound-water deposited 

S04-S within reach of gra sses and clovers (Walker and Gregg, 1975). In 

most soils, however, ground-water does not constitute a source of plant 

available S0 4 - S. 

Thorne and Peter son (19 .':i4) reported that :l n America an ;iverai;e of 

80 kg S ha- 1 rn is added t o soils in irriga tion waters . New Zealcnd 

pastures are generally not irrigated. In an exception, the Waitaki 

scheme, about 10 kg S ha- 1 is applied annual ly to pastu~es , in 

irrigation waters (Sleath, pers. comm . ). 

II.1.3.3 Sulphur additions from weo t hcri~g of minerals 

Walker and Adams (19 58 ) concluded th.it the s tage is reached fairly 

early in soil development when weathering of mineral S, in sulphide::; 

and sulphates, is an insignificant source of cyclic S. This has been 

confirmed under New Zeal and conditions (Wal ker and Gregg, 1975); with 

conversion of sulphides to sulphat:e, and leaching of sulphate occurring 

deep within the soil profile. 

II.1 . 3.4 Fertiliser sulphur addi tions 

In most areas of New Zealand, fertiliser S applications are 

necessary to maintain high pas t ure production levels (Walker and Gregg, 

1975). Generally ?.5 kg S ha- 1 is applied annually in a single appi i-­

cation, although it is recognised that yellow-brown pumice soils 

require more frequent S applications at heavier rat es (Toxopeus , 1965; 

Hogg and Toxopeus, 1966) . There is evidence that other soils requir 2 

< 25 kg S ha- 1 annually to r.1aintain productivity (e.g, D1.1r:i.ng, l.972). 



However , actual fertiliser S r equirements haire not been determined. 

Fertiliser Sis usually applied as ca lcium sulphate (anhydrite) 

in superphosphate. Ammonium sulphate and sulphurized superphosphate 

(containing both calcium sulphate a.nd elemental S) are a pplied less 

frequently in New Zealand, 

The rate of release of fertil iser sulphur to tbe plant. available 

soil pool depends on the type of fertiliser (i . e. ch~dical S form, 

associated ·ions and particle size influencing solubility), soil 

physico-chemical properties and the rate of water movement over the 

f ertiliser particle (Barrow, 1975 ; MacLe.chlan , 1975). Of these, S 

fertiliser form and particJe size can be cont r olled . Ammonium sulphate 

is very soluble, while the anhydrite calcium sulphate in s uperphospha te 

is sparingl y soluble (2 g/litre at 20°c (Barton and Wilde , 1971)) . 

Elemental Sis released very slowly as it mus t first be oxidised to 

sulphate-sulphur. 

The rate of S release and entry into the p] ant avail able soil 

pool decreases with increasing 3uperphos pha te or el ementa l S pa rticl~ 

size (Williams , 1969, 1970, 1971) . 

II.1. 3:5 Concl us ions 

Freque ntly i n New Zealond , S addition s to the cycling S pool fr om 

natural sources are low . Fertiliser S applica tio~s ~ ~e ther ef ore 

neces sary in many areas t o offset l osses occurr i ng frorr. the cycle 

and/or to overcome the productivity limiting effect of slow cycling S 

turnover rates. 

II. 1. 4 GENERAL CONCLUSIONS 

Sulphur deficiencies occur in many areas of New Zealand unless 

fertiliser Sis applied fairly regularly. The S cycle turnoirer rate 

may limit productivity . Large drainage water losses in association 

with low atmospheric S additions may also account for these S 

deficiencies . Further res ea rch is required to determine the rela tive 

importance of these faclors in inducing S deficiencies in these areas. 
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II. 2 POTASSIUM REVIEW 

II. 2. 1 THE POTASSIUM CYCLE IN GRAZED PASTURES 

Pasture K deficiencies frequently occur in many areas of New 

Zealand. ·The importance of various processes in inducing these K 

deficiencies is discussed. . Included is a review on the vari.ous K pools 

within the soil-plant-animal cycle, and the processes whereby K is lost 

from or added to the cycling pool. 

II . 2 . 1 . 1 Soil potass ium 

Soil potass ium is traditionally divided into four categcries -

water soluble, exchangeable, 'fixed' or specifically adsorb,:,c.1, and 

primary mineral K. In practice, however, no <lis tinct boundari~s exist 

between the vario•ls forms ( e.g . Reitcmcir , 1951; Arnold, 1950) . 

Water soluble K i s i mmediately plant available. Exchanr,eable K is 

readily plant availabl e while the fixed and primary miner.al K (together 

compr ising the 'non-exchangeable soil K' frac tion) is s lowly or 

essentially non- availabl e (e . g . Arnold, 1960; ~ctson, 1968) . 

The various forras of so i l K t end tc be m~ i ntained in an exchange 

equilibrium. A decrease in the l evEl of water soluble K, fo r instance , 

will tend to be compRnsa t cd for by movement fr om and be tween the 

exchangeable and fixed K tractions . Excha ngeable K is released r~pi<lly 

in comparison ~ith the rclc~se of fix~d K (e . g . Arno:~ , 1960) . 

The non-exchangeable K l evel may increase or decr euse vith time 

because of this e~<change equ ilibrium. However, in i;encral , it 

cons titut es a sourc e of p]~nt available Kand i s r egarded as sucb in 

this re.view, r ather than a. pool within the K cycle or a 'sj_nk' for K 

from the cycle • . 

II . 2.1 . 1 . 1 The r eadily..J2_lant ~va iJabJ e soil K p5>o l 

Water soluble and exchangeabl e soi l K. together corup:isc> the 

readily plant available K pool. 

Water soluble K generally comp~ises < 0 , 01% of Lhe tocal soil K, 

or about 5 kg K ha- 1 i n the t opsoil (Thompson and Troeh . 1973). The 

exchangeable K fraction iG comprised of hydrated K ions adsorbed a t 

non-s pecific s ites on clays , silt s and organic particles. Exchangeable 

K is r eadily r epl aced b y other cations such as Ca , Mn and Mg a 11d i s, 

therefore , r ead i ly plant avail able (Thompson an<l Troeh, 197 2) . Most 

tops oils contain 100-·450 kg exchange:ible K ha- 1 , wni l c subsoil K 

l eve l s are frequ ently l ower (Thompso;i and 'froeh , 1973), 
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The size of the readily plant available soil K pool is influenced 

by the extent of the plant K uptake zone. Ozanne et al . (1965) have 

determined , using isotopes, the maximum depth from which various pasture 

species may obtain Kin a sandy loam. The maxi mum uptake depth 

reflected the plant species maximum rooting depth. However, grea ter 

than 88% of the r ad ioactive K taken up by both ryegrnss and 

subterranean clover varieties was obtained from within the upper 10 cm 

of soil . Virtually all the labelled K taken up by plants was obtained 

from the upper 35 cm . No other investigations on the K uptake zone of 

various grass and clover species have been undertaken. 

High producing pastures may require about 300 kg K ha- 1 annually 

(11, 2.1. 2) . Most soil s contain about 100-450 kg K ha- 1 r eadily pl~nt 

avail.:lble Kin the topsoil (Thompson and Troeh, 1973) . Therefore this 

pool must be continually r eplenished to meet long term K requirements . 

The readily plant available K pool may be r eplenished by the 

return of Kin plant residues and animal excreta , by the re.lease of 

non-exchangeabl e K, with K r eceived i n r ainfall, and with fer t iliser 

K additions. 

Potassium may be lost from the plant avail able pool~ and the K 

cycle , ·in drainage waters. Potassium js also lost b 7om this pool with 

K fixation . If the plant available pool is subsequ ently depleted 

fixed K is released. Potassium fixetion is, thcrefor 0 , not a process 

whereby K is lost permanently from the cycling pool. 

11,2.1.2 The plant potassium pool 

The plant K pool comprises that K present in the pasture tops and 

root s at any one time . This pool will vary greatly in size as the dr y 

matter level varies. A rotat ionally grazed pasture with a dry matter 

herbage l evel of about 3,000 kg ha- 1 prior to grazing, if adequateJy 

supplied with K (2.3% (During , 1972)), will contain 60- 90 kg K ha- 1
• 

Immediately after grazing only 1,000 kg D.M . ha- 1 may be present . At 

this stage Kin the tops will only arnoun~ to about 20-30 kg ha- 1
• The 

root dry matter level will t end to be more stable. Assuming a root 

dry matter level of about 1,000 kg ha- 1 and a K content of 2-3% 

(Carnpkin, pers. cormn.) from 20-30 kg K ha- 1 will be present at any one 

time in the roots . 

The annual pasture K turnover figure will be considerably Jarger. 

On an annual basis 200-300 kg K ha- 1 will be incorporated in the plant 

tops . 
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Hopper and Clement (1966) reported that a fertilised ryegrass sward 

producing 10,000 kg D.M. ha- 1 annually in the pasture tops , produced 

root tissue containing about 70 kg K ha-1 • With a top:root production 

ratio of '.3:1 (Gregg , 1976) 60-100 kg K ha-1 will be i.ncorporated 

annually into the r oots of ryegrass-clover swards. 

A variable fraction of the plant K (depending on the pasture 

utilisation level) is returned to the soil in plant residues. 

Potassium in the plant r esidues is readily available for recycling 

as K is in i onic combination in pla nts and readily leached from pl ant 

residues (Thompson and Troeh, 1973). 

II.2.1 .3 The animal K pool 

The anima l potassium pool comprises that K present in the gr azing 

animal at any one time . In r e l a tion ·to the quantity of Kin the cycle, 

Kin the animal pool wil l be negl i gibl e . For example, at a s tocking 

r a te of 2.5 cattle ha- 1 with a body liveweight of 350-400 k~ each c.r,d 

a K content of 0 .1 9% (Maynard, 1937) , only 1.7 - 2.0 kg K ha - 1 w.i.11 be 

present in the animal poo l. 

The annua l animal K pool turnover figure will be considerably 

larger . Assuming a pas tur e utilisat i on f igurc of so;~ a t a production 

l evel of J0,000 kg D.M. ha- 1 yr- 1
, from 160-2110 kg K ha- 1 will be 

ingested annually . 

Cattle r etain only about 10% of the K ingested (Davies et al . 1 

1962; Hutton et al ., 1967). Sheep r e t ain 28% of the K ingested when 

fed at a maintenance ra te (Grace a nd Healy , 1974) . Therefore most of 

the K inges t ed i s returned to the pastur e in excreta . Research 

indicates that off-grazing site deposi t ion of excreta a nd an uneven 

ar eal dis tribution of excr eta within the graz ing area results in 

inefficient recycling of this K (Pe t erson et al . , 1956a , b; Davies et 

al ., 1962 ; Hilder, 1964 , 1966 ; Hopper and Clement, 1966 ; Durinr; and 

Weeda , 1973) . 

II. 2 . 2 POTASSI UM LOSSES FROM THE K CYCLE 

Potassium i s l ost from the soil-plant-animal cycle in drainage 

waters , in animal products , and in ani ma l excreta deposited in 

unproductive sites outside or within the grazing area. 

II , 2.2 . 1 Potassium drainage water losses 

Potassium is transport ed in both surface and subsurface drainage 
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water s . Losses from the r eadily plant available pool, and hence the K 

cycle , occur with movement in surface runoff to streams and with 

l eaching beyond the zone of plant K upta ke. 

Pota~sium dr3.inage water losses have been investigat ed in 

l abora tory, gl asshouse, lysimeter and f ield studies. Genera lly, i n 

t he field investigations, l osses fro.n cropped and fallowed soils have 

been determined. However, in this review , only K l osses from permanent 

pastures and the factors influencing the mag1dtude of t hese losses are 

reviewed . 

II . 2. 2 . 1.1 Potassium l eaching l osses in l aboratory and glasshouse 
studies 

The tendency for K t o move in percolating water through a variety 

of New Zealand t opsoi l s ha s been investigat ed in both soil l eaching 

column and gl asshouse pot experiment s . The experimental techniques 

used and r elevant r esults of the more comprehensive studies are 

summarised in Table IV . In t hese s tudies , fertili cer K lesses variE.d 

widely ( < 1% - 72%) , depending on soil properties and fertiliser 

trea tments . Losses in t hese investiga t ions are likely tu be higher 

than l osses occurring in the fie l d for the reasons discussed earlier 

(II . 1. 2.1.1), ,,1i.th r espect to S l eaching (Mu:1son and Nelson, 1963 ; 

Pevcrill c t al ., 1975 ; \fan] , 196 7) . 

L~boratory and glassnouse s t udies (Table I V) have shown t but soil 

properties .:md f ertiliser treatment s inf l uence the ex t ent of K leaching . 

Leaching losses tend to be greater when soil s exhibit little ability to 

fix K. Davies et al . (19 62 ), in the only comprehens ive study under­

t aken on K leaching in New Zeal a nd soils exhibiting varying abilit i es 

to fix K, r eported t ha t a yellow-grey earth and r.endzina (conta ining 

prbnary a nd/or secondary micaeous clay mineral s i n appreciable 

quantities (Fi e ldes , 1968)) les t little Kin percol a ting wat ers . In 

contras t, a yellow-brown l oam , yellow-brown sand, yellow- brown pumice 

soil, organic soil and several podzols (lacking K retentive minerals) 

l ost a l arge fraction of the applied K. Another yellow-brow,-:. loam, 

t he Horotiu sandy l oam, los t little K in the leachate (Davies et al ., 

1962) . Subsequently, Ho gg (1968) repor t ed that this partkular 

yellow-brown loam does fix K. 

The chemic a l type of K fertiliser applied may also influence the 

extent of K l eaching . Davies e t al . (1962) and Hogg and Cooper (1964) 

reported that K l eaching l osses were greater when t he associated anion 



Table lV Potaa~1uru leacldn& lossea i.n lnb~ ... o.tory nnd t;last1hou!'c nt udi~s 

Soil 
properties 

Ex per iccn ta l 
tcchniquPs 

(I) Ycllo.- Uudistrlbutrd 
brm .. 'll l oam soil Cl' rPs 

fror.i 1-150 IIIIU; 
pat,turc 
grown 

(l) \'c.llov- Cl3sshouse 
bro""n loam pot trial; 

0-150 cun 
soil d epth; 
pasture 
growth 

(I) Rend- Hogg ' s {l 960) 
zina l eaching 

technique, 
(2) Podzols 0-70 ll1l1\ soil 

(1) Yellow­
grey earth 

(I) Bro.,n­
granular 
clay 

(2) Yello..,­
bro"-11 lo3cs 

-New Plymouth 
bro•'TI loam 

-Horotiu 
sandy lo.1m 

(1) Organ­
ic soil 

(I) Yellow­
brown 
pumice soil 

(I) Yellow­
brown sand 

(I) Podzol 

(1) Yellow­
brown sand 

(I) Yellos,­
brown loam 

(I) Yel !ow- Glasshouse 
brown earth pot tr Jal; 

0-200 mm 
soil depth; 
pasture 

(I) Yellow- grown 
brown 
pumice 
&oil 

(I) Yellow­
grey earth 

-Tokomaru 
silt l oam 

Glasshouse 
pot trial o( 
2 years 
durati on ; 
0-180 mm soil; 
pasture 
grown 

Soil pre­
t rcn tn- -:nt 

procf"du1e11 

N.R. 

Soil 
s i eved , 
bulked 
and air­
dried 

\Jatrr applied 
or quanLil)' 

lP11chcc' 

WatL"r applied 
until 360 !ill1I 

leachate 
coll ectcd 

2,540 mm 
water applied 

N.R. 

\Jater applied 
until 2 , 000 
unn leachate 
collected 

N.R. 

Soil \Jater applied 
aieved until 250 mm 
and bulked leachate 
when moi~t collected 

Soil nir­
dricd, 

Water applied 
until 360 mm 
l eachate 
collected 

Water applied 
until 420 llll!l 

sieved anJ hnchotc 
bulked collected 

( ) r efcro t o th'! number of ooils stud led. 

N.R. • not reported. 

Potus6lum fert111s~r 
trt!!ltment 

130 k c K/hn in KCI 

260 

51,0 k g K/ha in 
urine 

! 080 kg K/ha in 
urine 

' i... applied at 
typical rates 
unrler urine spot' 
i n KCI 

Urine 

rotasslum 
leached 

1% K 
appltcd 

4! I( 

applied 

14% K 
appl ieJ 

8% I( 

applied 

151. K 
applied 

26% K 
applied 

30% K 
applied 

Reference 

Sau.ndcrs 
and 
lletson 
(i 9~9) 

Davies 
and Hogg 
(1960) 

130 kg K/ha in KCI 4% K 
applied 

l 12 k!, K/ha in KCT 

KHC01 

KCl + super 

KIIC0, + super 

2 50 kg K/ha in KCI 

105 kg K/ha in KCI 

111 kg K/tw 1n Ker 

29% & 68% 
K applied 

6% K 
applied 

2% K 
applied 

44% K 
applied 

6% K 
applied 

31% K 
:,pplied 

6 9% K 
applied 

53% K 
applied 

277. ditto 

Davies ct 
al. (1962) 

5% ditto Hogg and 
Cooper 

61% ditto (1964) 

53% ditto 

72% ditto 

----- Hogg 
8% ditto 

< 1% K 
applied 

(1968) 

Muller 
_____ and 

< 5% K 
applied 

12% K 

McSweeney 
(1974) 

______ _____ a_P_P1_1_e_d __ Huller 

425 kg K/ha in KC! 6% K 
applied 

and 
McSwe~ncy 
(1977) 

27 
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was susceptible to leaching (e.g. chloride or sulphate cf. phosphates , 

carbonate or bicarbonate). Hogg and Cooper (1964) results are given 

in Table IV. Davies et al. (1962) did not report on the actua l K 

losses occurrinb with various K fertilisers. 

Applying superphosphate in conjunction with either potash or 

potassium bicarbona te promotes K leaching (Davies et al., 1962; Hogg 

and Cooper, 1964). Davies et al. (1962) attributed this to the 

presence of sulphate in superphosphate. 

Fertiliser Kloss as a fraction of that applied may be influenced 

by the application rate. Saunders and Metson (1959) found that K 

losses were proportionally higher when K was applied to a yellow-brown 

loam at heavy rat es . However , Muller and Mcsweeney (1977) reported 

that Kloss as a fraction of the K a pplied, to a yellow-brown earth, 

decreas ed at heavier rates (Table IV). A difference in soil properties 

may account fo r this difference in behav iou~ at varying K application 

rates. Fixation will have been promoted at heavier K application 

rates in the K retentive yellow-grey earth thereby reducing the quantity 

of K susceptible to leaching. In contrast, los ses will tend to he 

greater at heavier rates on the yellow~brown loam as it is likely to 

f ix l ittl e potassium. 

II. 2. 2. 1. 2 Potass ium leachi n1>, losses in lys imet~E .. ...:Stu~ies 

Hogg (1968, 1975 ) investigated the ex tent of K le;::,.ching in several 

New Zea land soils in lysime t er studies . An imd. gnificant fraction of 

the K a pplied (> 1,100 kg ha- 1 ) in excreto and/or potash was leached 

beyond the 105 cm depth in either a yellow-brown loam (i.e. 2% in two 

years (Hogg, 1968) ) or yellow-brown pumice soil (i. e . 4% in three years 

(Hogg, 1975)) under permanent pasture . However, the limited informa­

available (Ozanne et al., 1965) suggests that K losses from the upper 

10 cm may be more relevant in terms of plant availahlc soil K losses . 

In Hogg' s (1968, 197 5) investigations a major fraction of the applied 

K was leached into the 15-45 cm depth in the yellow-br.ovm loam while 

movement occurred in the non-retentive pumice soil to a depth of 90 cm. 

II.2.2.1,3 Pota ssium drainage water lo s se~ in field studies 

Potassium losses in both surface and subsurface drainage waters 

have been investigated in the field . 

No studies undertaken in New Zealanci have directly measured 

drainage water losses. However t Davies et a.I. (] 96?..), using a 
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fertiliser K recovery approach, determined indirectly the likely extent 

of K leaching in a yellow-brown loam. Yellow-brown l oams exhibit 

little or no ability to fix Kand Davies e t al .' s findings suggest that 

potassiuru·leaching occurred to a substantial extent. Af t er 39 weeks 

only 76% of the applied K was accounted for by pasture uptake or in the 

upper 23 cm of soil . This downward movement of K was of li ttle 

significance as, after two years , 95% of the K was recovered . The high 

recovery figure may be due to the sward compositior, . This sward was 

dominated by the deep rooting pa spa lum grass. Under· a r ycgrass-white 

clover sward the rooting depth will be shallow and leaching of gxeater 

significance. 

In overseas field studies, potass ium losses in both surface and 

subsurface drainage waters have been measured directly (Bolton e t al ., 

1970; Kilmer et al., 1974 ; Burke et al., 1974) . 

Bolton et al . (1970) monitored K leaching losses in tile (70 cm 

soil depth) di schar ge waters from ungrazed, unfertilif:.cd and fertilised 

(34 kg K ha- 1 yr- 1)plot s in permanent bluegrass pasture. DurinK this 

seven year study , an avera r;e of only 0 . 12 kg K ha- 1 and 0 . 56 kg K ha- 1 

was l eached annually from the unfertilis~d and fert ilised plot s 

respec tively. 

Kilmer et al . (1974) mc~surcd dis solved K l os ses from two s t eeply 

sloping (i . e . 35-40% slcping) catchr.1cnts supper-Ling p .... .cmanent bra zed 

bluegrass swards , under an average annua l rainfall of 1,050 mm. 

Potassium drainage water (s urface and sub surface) losses were dct£rminetl 

by ana lysis of the catchment streamflow . In the first year of this 

study, prior to K fertilisation, 3.71 kg K ha- 1 were los t from one 

catchment and 7 . .30 kg K ha- 1 lost from the other catchmen!.:. The latter 

catchment was only r ecently . sown in bluegrass and a higher soil 

erodability factor may account for the higher Kloss . There was l ittle 

evidence of an increase in K losses i n the second year: when 24 kg K ha-· 1 

was applied . An average of only 4 .0 kg K ha- 1 yr- 1 was lost from both 

catchments in the three years fo llowing K fertilisation . 

Burke et al . (1974) measured K losses from a poorly drained 7 heavy 

textured gley soil in permanent pasture, at a gently sloping site . 

Surface runoff and subsurface K losses were determined separately. 

Potassium l eached from a fertilised plot was d e termined by anal ysi s of 

mole discharge waters . Potassium lost during the six year study 

interval was insignificant (2 . 5% or 32.4 kg K ha- 1 ) in relation to the 

quantity of fertiliser K a ppl jed, 
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Potassium concentrations in surface runoff from an unfertilised , 

undrained plot closely reflected K concentrations in the rainfall. The 

actual quantity of K lost varied from 1.1 2 - 4 . 20 kg ha-1 yr- 1 

depending· on the total amount of runoff (ranged from 250-700 mm yr- 1). 

Fertiliser K surface runoff . losses varied depending on the soil 

moisture content and the pattern of rainfall following fertilisation. 

Wet soil conditions and intense storm events soon after K applicatio.is 

induced large surf ace runoff losses . On one occasion 12,~ of the 

potash K applied (94 kg K ha- 1
) to both undrained and drained plots, 

was lost in five days in only 8.4 mm of surface runoff . On an0ther 

occasion a surface runoff event did not occur until 15 days after the 

K was applied and then only 5% of the 125 kg K ha- 1 applied was j_os t 

in 21. 8 mm of water. Mole drainar;e generally reduced fertiliser K 

losses as a greater quantity of water infiltrated into the soil 

(Burke et al ., 1974). Overall, 7.4% (i.e. 96 kg K ha- 1
) a:-1d 2 . 4% (i.e . 

30 kg K ha- 1
) of the K applied in six years (Le . 1, 150 kg K ha- 1 ) was 

l os t in surface runoff from the undrained and dr3ined plot 

res pectively . 

II.2.2.1.4 Conclus j ons 

Potassium l eaching losses in laboratory, glasshouse and J.yi~imeter 

studies have shown that K leaching occurs to a l esser exter.t in K 

retentive than non-retentive soils . Findings of the [ew overseas 

field investigaU ons undertaken have j ndic;:ited tha t, in the situat.i or..s 

considered, K s urface and/or subsurface draina~e water losses were not 

important cycling-Kloss mechanisms. Field research into K l eac hing in 

New Zealan<l soils i s meagre . Potassium surface runoff losses have not 

been measured und er Nc•,1 Zealand conditions a lthough l arge surface runoff 

events are likely to occur from many New Zealand sojls in winter months . 

There j_s a need for the direct measurement of both surface and sub­

surface K drainage water losses under New Zealand conditions to confirm 

the findings of overseas studies. 

II.2.2.2 Potassium losses associated with grazing ar.imals 

Potassa.um is lo s t from the soil-plant-animal cycle in animal 

products and excreta deposited in unproductive areas outside and within 

the grazing area . 

In a recent study (N ew Zealand Dairy Exporter, July 1978) it was 

found that 64 kg K ha- 1 was lost annually from high p1:oducing New 
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Zealand dairy farms; 10 kg K ha-1 in milk and culled animals, and 

54 kg K ha- 1 in excreta deposited in dair.y sheds , races and 

unproductive areas within the grazing area. 

Potassium losses attributable to sheep is likely to be lower. 

During (1972) suggested that 20% of the K inges ted by sheep is lost 

in wool, culled animal s and excreta deposited in unproduc tive sites . 

In a high producing New Zealand pasture, with an anin!al intake figure 

of 220 kg i< ha- 1 yr -1 K losses associated with sheep might, t herefore , 

amount to about 45 kg K h -1 a . 

II.2.2.3 Conclus i ons 

The limited published informa tion suggests that K losses 

associated with the gr az ing animal may amount to an important frac tion 

of the cycling K. Further research is necessary in New Zealand to 

deter mine the significa nce of K drainage wat er losses in inducing 

pasture deficienc i es . 

II. 2. 3 POTASSIUM ADDITIONS TO TllE K CYCLE 

Potassium may be added to the plant available soil K pool , and 

hence the K cycle , with the release of non-exchangeable ~oil K, iP 

r ainfall , and by the app:ication of K fertilisers . 

11 . 2,3.1 Non-exchangeable K additions 

Non- exchangeabl e soil K may b e an irnpcrtant sm:rce of plar.t 

available soil Kin soils containing the pr.iinary mi caeous minei:al s 

(biotit e and muscovite ), basic 81ass and / or the seconda ry clay 

minerals , illite and vc.:rmiculite ( e . g . Fieldes and S;;indal~ , J.954; 

Metson, 1968 ). The following review on non-exchangeable K is based 

on Fieldes and Swindale 's "(1954) findings and Reitemcir' s (1 95 )) , 

Arnold ' s (19 60), Fieldes ' (1968), Metson's (1968) and Schro ed er ' s 

(1974) review papers . 

Potassium is released into the plant available soil K pool with 

weathering of primary minerals . The readily weathered m:Lceecus 

mineral, biotite , releases K more r apidly tha n the comparatively 

resistant micaeous mineral, muscovite. Basic glass is readily 

weathered a nd the mineral K released quickly . 

The secondary micaeous clay minerals contain 1 fixed 1 er 

specifically adsorbed K. The weakly weathered illitic clay minerals 
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contain mainly , ' na t ive ' f ixed K (i.e. K fixed during the formation of 

secondary clay mi~1erals dur i ng weathering of the primary micaeous 

minerals). Ver micul ite , in contrast, contains little 'na tive ' fixed K 

but the expanding type, clay vermiculit e., exhibits a marked capacity to 

fix K when "Tat er soluble and exchangeabl e K l evels increase (i . e . 

c ont ains 1 added 1 fixed K) . Depletion of the plant available pool 

results in t he r elease of fixed K. The rnore sever e the avai l able K 

depl etion , the higher the rat e of K release . 1 Native 1 fixed K i s 

r eleased more s l owly than ' ;:,.dded 1 fixed K. 

The i mportant role tha t non-exchange3ble soil K may pl ay in 

achieving or maintaining high pas ture production levels i s illustrated 

by the results of a New Zealand study undert aken by Metson and Hur s t 

(1953). Pastur e production and avai l able soil K l evels remained 

virtually constant over a four year trial period al t hough about 

1,000 kg K/ha was removed from t he K-cycle in a nimal excreta not 

r eturned to the pasture. Hetson and Hurs t (1953) concluded that the 

r elease of non-exchnngeable Kin this r ecent soil , occurre<l at a r ate 

sufficient to continuously r eplenish the plant nvai l ~ble K pool . 

The zona l and intrazonal New Zealand soils can be subdiv id ed into 

three groups on the La.sis of their ahilit y to offset K l osses from the 

cycling pool, by tl1e release of non-exchangeable K (Metson, 1968 ; 

Dur ing , 1972), including : 

(a ) Group 1. Non-exchangeable K i s released at a r a t e sufficient 

to meet plant requirements at high l evel:- of pasture production. 

This group includes the brown-grey earths ; southern yellow-gr ey 

earths ; the weakly weather ed sou thern and central yellow-brown 

earths , and the young red and brown loams . 

(b) Group 2 . Non-exchangeable potassium is release<l too slowly t o 

maintain high levels of pasture production. This group includes 

the more stro~gly weathered yellow-brown earths . 

(c) Group 3. Non-excliangeable K is almos t or entirely absent . 

I ncluded in this group are the yellow-brown pumice soils ; 

yellow-brown loams; brown granular learns; brown granul ar clays; 

organic soils, and the older r ed and brown loams . Pastures on 

these soils tend t o be consistently K-r esponsive . 

In recent and related soil s ( ' azonal ' soi l s ) the nature of the 

alluvial parent ma terial and the degr ee of weathering (affecting the 

soil mineral composition), influences the importance of 

non-exchangeable Kasa source of plant available K. 
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I I . 2 . 3 .2 Potass~1m rainfall additions 

Potassium i s added to the pla Gt available soil pool in precipita­

t ion . Measured additions from this source in New Zealand (< 6 . 83 kg K 

ha- 1 yr- 1
· - Rukuhia Soil Research Sta tion Annual Repor t 19G2) are , 

however, n egl igibl e in relation to pas ture K r equirements. 

II.2 .3 . 3 Fertiliser potass ium additions 

In r ecent years the incidence of pas ture K deficiencies in New 

Zealand has b ecome f a irly wi despread, reflec ting an· overall increase 

in production levels . Regular K applications are necessary t o ensur e 

high pasture production levels over large areas of the North Island 

and in some r egions of the South Isla nd (During , 1972) . 

Potass ium is generally applied in the highly soluble fertiliser 

potash , at a rate of about 150 kg kg- 1 annually . However, ac tual 

fertiliser K r equirements may be considerably less . During (1972) 

concluded that the limited field evidence pub]ished, indicat~J t hat 

K-responsive Kew Zealand pastures r equi~-2 only 30- J.O O kg K b h- i 

annually , de!)cnd :ing on animal stocking r2 tes ar.d the rat e. :; t vfr: i.ch 

non-exch.:ingeal>le K i s r e l eased . Recent fi eld study r esults (the New 

Zealand Dairy Cxporter , July 1978) agree wi th During ' s find~n ~s . 

II. 2. 3. 4 Conc l11Sion s 

Non-exchangeable K may be an 1mpo-::-tant source of plant avai.lable 

K in New Zeal and s0ils containing appreciable quantities of pr i :N:i.ry 

and secondary ;nicaeous mj ne:r.:ils , 01: basic ~lass . When non-exchangeable 

K is not r eleased at a r a t e suff icient to of f se t losses K fertilisation 

i s essential to· attain, and s ubs equently main t a in, higi1 pas ture and 

animal production level s . 

II.2.4 GENERAL CONCLUSIONS 

Potassium dP-f icien~ie3 frequently occur in New Zealand pastures . 

The K cycle turnover r~te is unlikely to limit productivity. 

Potassium losses from the cycling pool must , therefore, exceed K 

additions. Undoubtedly, K losses associated with the graztn6 animal 

may play an important role in inducing pasture K deficiencies. Further 

inves tigations are necessary , however, t o determine the significance of: 

K drainage water l osses in inducing K deficiencies und er New Z8al and 

conditions . 
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CHAPTER III MErHODS AND MATERIALS 

III .l SOIL PROPERTIES 

Studies investigating the magnitude of Sand K drainag~ water 

losses from the Tokomaru silt loam were conducted. The Tokornaru s ilt 

l oam i s a weakly leached , modera tely-strongly gleyed soil type 

belonging to the yellow-grey earth soil group . Yellow-grey earth soj.ls 

occur. extensively throughout the Hanawatu and Hairarapa areas and in 

mid Hawkes Bay, Otago, :Marlborough and Canterbury. 

The Tokomaru silt loam occurs on the flat to r olling (< 12% slopes) 

hieh t erraces of the Manawatu and Rangitikci rivers (Cowie , 1972). 

Together the Tokomaru silt loam flat and rol.ling phaces ccvcr a Lota l 

area of 8,910 ha . Hean annual rainfall over this region ranges fro1n 

860-1,140 mm (Cowie , 1972). 

The average annual r ainfall recorded at the experi~ental site 

is 1, 020 mm (Scotter, unpcbl . ). 

Profile descrjpticn of the TolzoP?ar, __ .silt loa::1 

The foJ.lowing profile? descrJpt;o~1 is based on tl~e reports of Cowie 

(1972) ar,cl Pol.lok (1974) . 

A slightly ~ottled silt to heavy silt loam, the A horizon, extends 

to a depth of appr-oximately 3.; cm. Intern;1J. drainage is slightly 

imperfect and Fe and Mn concretions occur in the l ower part of this 

horizon. 

A mottled clay loam to clay, the E horizon, extends t o a depth of 

about 75 cm. Iron and Manganese concretions are present and internal 

drainage i s impeded. 

A frazipan, situated at a depth of about 75-145 cm overlies a 

sandy clay loam . 

Pasture roots are abundant in the upper ?.0-25 cm ana a few .extend 

into the B horizon. 
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Clay mineralogy 

The A and B horizons have a clay content of about 23% and 30% 

respectively , This clay fraction is comprised almost entirely of 2:1 

mi caeous clay minerals . Mica and illite are the principal clays 

a l though vermiculite and interstratified clays are also abundant , Clay 

size feldspar particles occur in limited quantities (Pollok, 1974) . 

Al though non··exchangeable K levels are likely to be high because 

of the comp·osition of the clay fraction, exchangeable K levels are low 

throughout the profile at about 0 . 2 me./ 100 gm (Pollok, 1974) . 

Kaolinite and halloysite (i.e. 1: l clays) are present only in 

t race amounts and al lophane is absent (Pollok, 1974) . Therefore, as 

in other yellow-grey earth soils (Metson, 1969), the S0 4 - S retention 

capacity is low (i.e . 5% (Muller and Mcsweeney, 1977)) . 

III. 2 FIELD TCCENIOTJES USED FOR INVESTIGATING SO,, - S 
AND K SURFAC[ RL'KOFF LOSSES - . 

III. 2. 1 FIELD METHODS (1976) 

In 1976 water soluble S0,1- S and K surface runof f losses from both 

undrained and drained plots on the Tokomaru silt l oam were measured 

over a 41 day period from May 28 to July 8, 

Description of the surface runoff plots and 
fl ow monitoring i ns tallations 

Site descr iptions for the four plots (plots 1-4 inclusive) from 

which runoff losses were measured , are given in Table V, These runof f 

plots were bordered on two sides and upslope with wooden boa rcis plac~d 

in the soil to a- depth of 10 cm and extending 8 cm above the surface to 

prevent runoff from entering the trial area. On the downslope edge 

plas tic guttering sunk into the soil to be level with the ground 

surface, collected runoff from each plot and discharged it into large 

polyethylene containers. Child's stage recorders monitored surface 

runoff from plots 1 (undrained) and 3 (drained). \.later discharged into 

the storage containers from plots 2 (undrained) and 4 (drained) was 

measured at the conclusion of two runoff events, at the beginnin;; of 

the study . Virtually the same quantity of water was discharged from 

these plots as from the respective drained or undrained plot where 

Child's stage recorders monitored flow rates. Subsequently, thekefore, 

the amount of water discharged from plots 1 and 2; and plots 3 and 4~ 
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was assumed to be the same . 

Fertiliser Sand K applications 

All plots had a recent history of regular Sand K f ertiliser 

applications. In late October 1975, 200 kg 15% potassic superphosphate 

was allied to all plots . In 1976 , superphosphat e (57 kg S ha- 1
) and 

potash ( SO kg K ha- 1 ) was applied to plot s 1 a nd 4 on May 7.8 (Table V) . 

Pasture management 

The runoff plots were fenced off to grazing animal s and the 

grass-clover swards mown iffiffiediately prior to t his investigation . 

Runoff sampling procedure 

At the conclus ion of each runoff event , during the interval May 

28 to Julye, a water sample was taken from each of the polyethyl ene 

containers . These samples , collected in polyethylene bottles, were 

millipor e filtered (< 0 . 4 pm) within 12 hours of sampling .'.ind 

subsequently stored a t -1 °C unti l analysed for S04 - S and K. 

This runoff study was t erminat ed on July 8 as cattle gained entr y 

to the plo ts damagine the wooden boards and plastic guttedng . 

II . 2 . 2 FIELD METHOD S (1977) 

In 1977, water soluble S0 4- S and K surface runof f l osses fr om 

undrained pastures on the Tokomaru silt loam were measured . 

Description of the runoff plots and 
fl ow monitoring installations 

Four runoff plots (plots 5-8 inclusive) were l aid down in a 

catchment adj acent to that from which 1976 runoff l osses were measur ed. 

Site description for the four plots are given i n Table V. 

The cons truction of these plots was as outlined for plots 1-4. 

Chi ld' s stage recorder s were installed to monitor flow rates at plots 

5 and 8 . It was assumed tha t a simil ar quantity of water was 

discharged from the plot inrrnediately adjacent to each of these pl ots. 

Fertiliser Sand K applicati ons 

All plots had a r ecent history of r egular Sand K f ertiliser 

application. In early November 1976, 380 kg of 15% potassic super-



Table V Site descript ions of the surface r unoff plots used in 1976 (plo t s 1-4 inclusi ve) and 1977 (p l ots 5- 8 
inclusive) and fertilise~ Sand K tr.catments . 

1 2 3 4 5 6 7 8 

Area m2 41 41 Lil 14l 55 55 55 55 

Slope 6° 30 ' 

Aspec t SW SW NE NE SW SW SW SW 

Dr ainage status undrained undrai:-1.:!d dni.ir.r;;ci.* <lrained>'t undrained undrained undr ained undrained 

S kg ha- 1 57 - - 57 55 55 

K kg ha- 1 50 - - so 55 55 
--
* mol e (45 cm depth) and t i l e (75 cm depth) dr ained . 

w ......, 



phosphate was appl:i.ed to all plots. On June 10, 1977, 55 kg S ha-1 

was applied to plots 5 and 6 in liquid superphosphate (Table V) . 

Liquid superphosphate was obtained by dissolving solid superphosphate 

in water over a period of several days. This was applied in prefer­

ence to solid superphosphate to permit another investigation to be 

undertaken at the same time, 
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On July 1, 1977, potash was applied to plots 5 and 6 at a rate of 

55 kg K ha~1 (Table V) . 

Pasture management 

All four plots were mown and fenced off to grazing animals two 

weeks before the study was due to commence. However, during this 

intervening period cattle obtained entry to plots 5 and 6 for a 24 

hour period from June 5-6 . Although, subsequently, the soil surface 

in plots 5 and 6 was puggy and excreta had been deposited on these 

plots the study was undertaken. 

Runoff sampling procedure 

Runoff samples were taken from each of the collecting tanks at 

the conclusion of each runoff event occurring after June 10 until 

surface runoff events ceased to occur in mid -September . These samples 

were millipore filtered wlthin 12 hour-s of collectio11 and stored 3.t 

-1°c until analysed for Sand K. 

III . 3 FIELD TECHllIOUES USED FOR I NVESTIGATING SO4 -S 
AND K LEACilING LOSSES 

Description of the field plots and 
flow monitoring installations 

Eight field plots had b een laid down and flow monitoring equipment 

installed for another _study. These facilities were used in the present 

study. 

These eight plots (plots 1-8 inclusive) , each 1,250 m2 in area, 

were situated on flat land (0-1° slope) adjacent to the 1976 surface 

runoff plots (Plate I). Four plots (plots 5-8 inclusive) had been 

irrigated over the spring-autumn period in each of the preceding five 

years. 

The experimental area was origina lly mole and tile drained about 

35 years previously, but remo led about five years ago. Each plot was 



Plate I View of the subsurface drainage plots. 

Plate II Apparatus used manually to sample and obtain 
'representative' samples of, the percolate. 
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independently drained. Mole drains of 2 m spacings at a depth of 45 cm, 

discharged water into a single tile drain a t a depth of 75 cm . The 

tile discharge flow r a te f or each plot was monitor ed continuously by 

flow meters designed by the M.A.F . 

Fertiliser Sand K applications 

Before 197 5 fertiliser S and K had b een applied regularly t o all 

plots . In 1975 and again in mid- 1976 , 380 kg of 15% potassic super­

phosphate was applied to plots 1, 4, 5 and 8 . In l ate 1976 380 kg of 

15% potassic superphosphate was applied to plots 2, 3, 6 and 7 . 

In 1977 dissolved S0 4 -S and K concentrations in wa t er disch.:',rged 

from each of the eight plots, were monitored for a six week period 

before fert iliser S and K was applied to four of these pl ots . 

Fertiliser S and K was applied to sel ected paired plots in l977 . 

The four non-irrigated plots were paired on the basis that mean S04-S 

concentrations in the three flow events occuri:- ing <!urine the interval 

May 18 to July 1 were similar and/or that mean concentrations in thcs~ 

flows v:iricci in a sirrd l.:ir nnnncr . The four trr ig2.tcd pl ots wen' n211·1:•0
:
1 

on the same basis . Pa ired plots included 1 and 3 , 2 and 4 , 5 end 7 1 

and 6 and 8 . Subsequently, on July 1, super.phosphate , at the rate of 

43 k S ha - J and h f 56 1 r. h -l 1· d ,g . potc:1s a t a rote o - Kg . a was app 1.~ to on(:! 

of each of these paired plots, namel y , plot:s 2, 3 , 6 uitd 7 . 

Pasture mandrement 

Al l plots wer e rotationally grazed by sheep . The dates on which 

the various plots were grazed , and stocking r a tes , are given in the 

Appendix , Table 1 . 

Tile drainage water samplin5 procedure 

Plastic tub i ng holed a t regular int erva l s along its l engti, was 

inserted vertically in the tile drains a t the outfall points (Pl a t e II) . 

A fraction of the water flowing through the tile dr2ins entered t1ie 

tubing through these holes and was drained away into lare;e po]yl:!chylene 

containers. The water collected in this manner comprised a constant 

proportion of the quantity discharged as the lower the wc1ter. level in 

the clrajns the fewer the number of holes submerged . Water in the 

polyethylene containers was sampl ed 24 hourly , or at more frequert 

interva l s depending on the intensity of the storm event. These water 
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samples were millipore filtered within 12 hours of collection and stored 

at -1°c until analysed for S04-S and K. 

To ensure tha t S04-S and K losses as de tern:ined from these 

' representative ' samples accurately reflected SOti-S and K losses from 

tile drains, losses determined from representa tive samples were 

compared with losses determined from samples taken manually at frequent 

intervals during several flow events . 

Losses from both plots 5 and 8 were compared, Initially: water 

discharge from plots 5 and 8 was manually sampled at· 15 minutes over a 

period of 6½ hour s during a flow event on May 25-26. These s&mples 

were millipore filtered within an hour of collection and stored 

overnigh t befor e determining S0 4-S and K l evels . 

Instantaneous flow r ates when these sampl es were taken were 

obtained from the automatic flow meter data . Total soluble S04-S and 

K losses were then determined from average concentrations and average 

flow rates between samplings . 

These values were compared with losses determined from a 

'representative ' sample co l l ec t ed at the conclusion of the 61
~ bou:i.: 

sampling interval , and the flow data. 

A close relat ionship was established (Table VI) b~tween S0 4 -S 

l osses determined by both proc edures . Pota ssium l osses from plot 5 

were also in close agreement . However, there was a v..._,::y poor r -:-1;:ition­

ship between manual and repr esentative det ermi nations of Kloss from. 

plot 8 . The K leaching loss was underes tinated u s ing the r epresenta­

tive sample approach . The water discharged from plot 8 was 

discoloured because of a high fine sediment content. In contrast, 

water discharged. from plot 5 was clear. These findings suggest that 

solution K may have bee.n retained by clay particles in the collecting 

containers before the representative sampl e was taken and filtered , 

Potassium r etention in the manually obtained samples apparently 

occurred to a considerably lesser extent because these samples were 

filt ered within a hour of collection. 

Water discharged from plot 8 was again intensively manually 

sampled on June 17 . Samples were taken a t regular 10 minute intervals 

over a five hour period and filtered within half-an-hour of collection. 

Sulphate-sulphur and potassium losses deter.mined from analyses .of 

these samples and flow data, and a 'representative ' sample and flow 

data were compared . The results, outlj_ned in Table VI, show a much 



Table VI 

Date 

Nay 
25-26 

June 
17 

Soluble sulphate-sulphur and potassium tile drainage water losses on May 25-26 and June 17, -determined 
f~om frequently, manually obtained samples of the discharge water and from a representative sample. 

Load (gm/plot) 

Plot S04-S K 

Discharge water Representative 
Discharge water 

Representative sampled regularly sampled regularly 
(15 minute intervals ) 

sample (15 minute intervals) sample 

5 59.4 63.0 47.1 49.9 

8 32.7 33.5 32.6 24.5 

(10 minute intervals) (10 minute intervals) 

8 19.3 19.0 7.6 7.5 

.p.. 
N 
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closer relationship for Kand confirm the earlier established strong 

relationship between S04-S losses measured by both procedures. On this 

occasion. water discharged from plot 8 was discoloured at the beginning 

of the flow event but rapidly became clear. These results appear to 

confirm the sugges tion that when the sediment content in the drainage 

water was high, K ret ention by the clay fraction substantially reduced 

measured dissolved K losses in the representative samples, 

Water 'discharged from plots 7 and 8 had a high sediment content 

only after lengthy dry periods , Water discharged from the rema ining 

plots was clear. Therefore, overall the representative sampling 

procedure for de termining S0 4 -S and K leaching losses was considered 

adequate. 

III. 4 SOIL SAMPLING 

Soil samples were taken f rom each of the eight leaching plots at 

2-3 weekly intervals durin g the period Nay 18 to October 13. T,velve 

sampl es t aken from depths 0-10 cm, 10-20 cm, 20-40 cm and 40-60 cm in 
0 

each plot were bulked, sie'Jed ( < 4 rnm ) and frozen a t - 5 C until 

analysed for S04-S and K l evels . 

III. 5 RAINFALL MEASUREMENT /\ND S/\.MPLING FOR S AND K LEVELS 

Rainfall was recorded by a Lambrecdt 30 day continuous recorder 

located adjacent to the subsurface drainage plots. 

Rainfall Sand K additions were de t ermined by analysing rain 

collected in a glass conta iner . This container was placed adjacent 

to the subsurfac e drainage plots, in the ground but extending about 

45 cm above the surface in an area fenced off to grazing sheep. It 

was installed on May 5, 1977 and thereaf ter samples were collected at 

irregular intervals on May 25, June 17, June 27, July 5, August 12, 

September 9) September 30, and October 30. These samples were milli­

pore filtered and stored at - 1°c until analysed for Sand K levels. 

III. 6 LABORATORY PROCEDURES 

All chemical analyses were done in duplicate or, in the cas e of 

excess variation, until results agreed to within 5%. 
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III.6.1 Water chemical analyses 

Soluble su~_phate-sulphur levels in the rainfall and drainage 

waters were determined on millipored samples. Ten ml aliquots we.re 

evaporated to dryness overnight in an oven at 80°c and S levels 

measured by the method of Johnson and Nishita (1952). In this method 

sulphur is reduc ed by heating with a mixture of hydriodic acid, 

hypophosphorus acid and formic acid, The H2S released is reacted with 

zinc acetate to form ZnS. Acidification of the ZnS solution releases 

hydrogen sulphide which reacts with P-aminodimethylaniline to form 

methylene blue . The int ens ity of the methylene blue formation, 

indicating the S0 4 -S content, was measured colorimetrically in a 

Unic am SP 600 series 2 spectrophotometer at 670 mµ. 

Soluble potassium levels in the rainfall and dra inage waters were 

determined by emiss ion spectropho t ometry . Strontium nitrate was added 

to filtered wa ter samples (to give a strontium ion concentration of 

2,000 ppm) preventing inter.ference by calcium and magnesium when 

measuring potassium concentrations. Potassium concentrations were 

then measur ed 011. a Perkin-Elmer 306 A.A . SpectrophotometeT. at a wave­

length of 383 run , using an air-acetylene flame . 

III .6 .2 Soil chemical ana lyses 

Soil S0 4 - S l eve ls: A 6 gm (ov en dry weight ) mo;..;t , soil s::nnple 

was shaken for one hour with 30 ml of distilled water . The suspension 

was ccntrihtged and millipore filtered . A 5 ml aliquot of this extract 

was then evapora t ed to dryness overnight and the S content determined 

by the method of Johnson and Nishita (1952). 

Phosphate-extractable soil S0 4 -S levels in several soil samples 

were also measured to determine the likely size of the chemically 

adsorbed S0 4 --S soil fraction. Soil samples from depths 0-10 cm and 

40-60 cm wer e shaken with Ca(H2P0 4 h. H20 containing 500 ppm P, as 

proposed by Fox et al. (1964). Extraction of S determination 

procedures were as outlined previously in relation to water soluble 

S04- S levels. 

Water and P0 4 -extractable S0 4 -·S levels were similar (Table VII) 

ind icating t!ta. t a limited quantity of absorbed S0 4 -S was present in the 

Tokomaru silt loam . 
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Table VII Water soluble and P0 4-extractable soil S0 4-S levels in the 
Tokomaru silt loam prior to ferti lisation. 

Soil depth 
interval· (cm) 

0-10 

40-60 

Sample 
No. 

1 

2 

1 

2 

Water soluble 

8.65 

13.40 

11.80 

16.30 

--1 S0 4 -S (µg. gm . ) 

PO~-extractable 

9.45 

12.35 

14.80 

18.80 

Soil potassium status : A 15 ml aliquot of the extract obtained by 

shaking 6 gm (oven dry weight) of moist soil with 30 ml of distilled 

water for one hour was analysed for water soluble soil K. Strontium 

nitrate (2,000 ppm St ) was added and K concentrations determined by 

emission spectrophotometry. 

Ammonium acetate extractable soil K levels were also determined. 

Six gm of moist soil (oven dry weight basis) was shaken for one hour 

with 1 N NH40Ac (pH 7), centrifuged and filtered . Potassium concen­

trations in the extracts were determined by emission spectrophotometry . 



CHAPTER IV RESULTS Al\TD DISCUSSION 

I V.l SULPHUR 

I V. 1. 1 SULPHUR SURFACE RUNOFF LOSSES 

IV. 1.1 .1 Surface runoff (1976) 
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Water was discharged from the two undrained and two drained runoff 

plots on seven and six occasions respectively durinB the interval May 

28 and July 8 . At this stage the study was terminated as dairy cm-,s 

obtained entry to the plots damaging runoff collection apparatus. 

Storm events during this interval were generally intense and of long 

duration(> 24 hours) . The first runoff event. from the undra ined plots 

occurred on June 6 . Water was not discharged from t~e drained plots 

until June 12 . 

Total dissolved S04-S losses, fertiliser S losses , mean dissolved 

S04-S concentrations in the runoff, and the amoun t of ~-,ater Jjscharged 

tram the undrained and drained plots are eiven in Table VIII . 

Fertiliser S losses were calculat ed by subtracting S0 4-S lost fiom the 

unfcrtilised plot from that lost fr om the associa t ed fertili sed plot. 

TABLE VIII Dlssolved sulphate- sulphur. 6urface runoff losses in 1977, 
the quantity of water discharged from both undrained and 
drained plots and mean S04-S concentrations in the runoff. 

Plot Treatment 

1 Undrained, 
fertilised* 

2 Undrained , 
unfertilised** 

3 Drained, 
unfertil ised 

4 Drained, 
fertilised 

S04-S ·loss 

kg ha- 1 

5.5 

0,9 

0 . 2 

1.2 

Fertiliser 
Sloss 

kg ha- 1 

1.0 

Mean S04-S 
concentration 

µg ml- 1 

6 . 5 

1.0 

0. 8 

5 . 0 

Water yield 

m3 ha- 1 

241 

* 57 kg ha- 1 S applied in (solid) superphosphate on May 28, 1976 . 
** S fertiliser not applied in 1976. 



The addition of S fertiliser, and artificial subsurface drainage 

influenced the magnitude of SOi.-S runoff losses consi.derably. 

Only a negligible fraction of thats. required annually by grass­

clover p~stures was removed from the unfertilised, undrained and 

drained plots in runoff waters. 

Sulphur fertilisation enhanced runoff losses approximately 

six-fold . In only six weeks a significant fraction of the applied S 

(8.0% or 46 kg S0 4 -S ha- 1 ) was discharged in runoff water from the 

undrained plot. Only 1. 8% of S applied in superphosphate (1 kg S0 4 - S 

ha- 1
) was l ost from the drained plot . 
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Mole and tile drainage reduced S0 4 -S losses fr om the unfertilised 

and fertilised plots approxjmately 4.5-fold . A greater volume of 

water infiltrated into the drained soil resulting in a 3.5-fold 

reduction in the surface runoff water yield. This r eduction in water 

yield contributed in part t o the lower S0 4 -S runoff losses . Mean 

S0 4 -S concentrations in r unoff from the drained plots were a l so lower, 

probably as less water moved downslope over the drained plots resultin_g 

in l ess soil and fertiliser particle disturbance . 

Figure 1 illus trates that S0 4 -S concentrations were highes t in 

water discharged from the fertilised plots in t:hc first runoff event 

following fertilisation . Subsequently S0 4 -S concentrations fell is 

l ess fertilis er S was avuilable for transport in runoff wa ter. 

Calcium s ulphate is only sparingly soluble and the gradual reduction in 

concentrations observed is a reflection of this. The application of 

57 kg S ha - 1 to undrained and drained plots continued to influence 

S0 4-S concentrations in runoff, and hence runoff losses , six weeks 

after fertilisation . Total surface runoff losses in 1976 may, there­

fore, have been cons iderably greater than the losses measured in this 

six week study. 

IV.1.1.2 ~rface runoff (1977) 

Wat.er was discharged from the four undra ined plots on 14 

occasions during the experiffiental period June 10 to September 19. The 

first runoff event occurred only one day after S was applied . The 

total quantity of dissolved S0 4 -S lost from each plot in surface runoff 

waters during this interval, mean di&solved S0 4 -S concentrations i n the 

runoff, and the amount of water discharged from the adjacent plots are 

given in Table IX . 
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Table IX Dissolved S0 4-S surface runoff losses in 1977, the quantity 
of water discharged from the adj acent paired plots and mean 
S0 4 -S concentrations in the runoff. 

Plot 

5 

6 

7 

8 

Treatment 

Fertilised*, grazed** 
II II 

Unfertilised, ungraze<l 
II " 

S0 4-S loss 

kg ha- 1 

8.4 

7.6 

0.8 

0,8 

Mean SOtf-S 
concentration 

µg ml- 1 

6.7 

6.1 

0.7 

0.7 

Water yield 

m3 ha- 1 

1250 

1157 

* 55 kg ha-1 S applied in liquid superphosphate on June 10, 1977. 

** 25 hour grazing event from June 5-6. 

Only a negligible fraction of that S required annually by grass­

clover pasture was discharged from the unfertilised plots (0.8 kg S04-S 

ha-l) as di ssolved S04-S . 

A considerab ly greater quantity of SO,~-s was lost from the 

f er tilised plots (8 . 0 kg S0 4-S ha-1). Both S f ertilisa tion and grazing 

cattle, which obtained entry to plots 5 and 6 just prior to this study , 

may have enhanced runo ff losses . 

The l arger S0 4 -S losses assocjated with the fertilised , grazed 

plots were the result of a grea t er wa t er yield in addition to higher 

mean S0 4-S concentrations in the runoff (Table IX). The higher mean 

water yie ld ~1~ be a ttributable to the grazing cattle , with soil 

surface plugging r educing the extent of water infiltration. The higher 

S04-S concentrations may refl ect both fertiliser and excretal S 

(subsequently referred to FE) transport downs lope in runoff waters. 

Because o f the experimental design it is not possible to isolat e a 

possible ca ttle effect on runoff losses from a fertiliser effect . 

However, their combined effect was to increase losses occurring during 

the follo wing three month · winter-spring interval by, on average, 
-1 7.2 kg S04-S ha • 

Mean dissolved S0 4 -S concentrations in water discharged from the 

unfer tilised and fertilised plots in each flow event are presented in 

Figure 2. As S was applied in liquid superphosphate, rap id entry of 

the applied S into the soil and hence, a sharp decline in runoff 

conoentrat i ons to l evels approaching concentrations in runoff from 

unfertil ised plots might be expected. Concentrations initially fall 



Figure 2 Mean dissolved S0~-S concentrations in surface runoff 
from unfertilised and fertilised plots in each flow 
event (1977). 
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r apidly from a peak in the f l ow event immediately foll owing 

f er t ilisation . Later, however , there was a more gradual decrease. 

This sugges ts that S entering the soil was retained to some ext ent , in 

a zone subsequently flushed by surface runof f wa t er , This may result 

with r a in disturbing the soil s urfa c e l ayer and/or with soil water 

l ateral movement and discharge at the surface downsl ope . 

At all stages throughout the three month study, S01+-S concentra­

t ions in runoff fr om the fertilised grazed plots were higher than 

concentrations in runoff from the unfertil i sed plots. Hence an 

application of 55 kg S ha- 1 in liquid s uperphosphate and/or a 24 hour 

grazing event enhanced surface runoff l osses throughout this i.r:.t erval. 

The FE Sloss pattern within this three month interval may be 

dete rmined from the relationships existing bet~een cumulative mean 

S01+-S l oss from the fertilised grazed, and unfer t ilised plots, and 

water yield in eacl-1 flow event. These relationships are given in 

Figur e 3 . As exp ected , mos t of the FE S l ost was tra nsported downs lope 

in the fir st f ew runoff events fo llowing fertilisation and graz ing . On 

average , 10% of the t otal FE S l ost was removed in the first runoff 

eve nt (occurring t wo days ?.ft:e.c fert :i_liser S was applied and six <lays 

after grazing) in only 31 m3 ha- 1 of water . A further 40% (i . e . 50% 

cumulative loss ) of t he t otal FE S lost W<!S tra nsported downs lope i n 

t wo fur ther events in 17i.. m3 ha- 1 of water . Al t oget11er , apprmdmatel y 

85% of the total FE S l ost was removed in the f irst 625 m3 ha - 1 of 

water discharged (50% of the total water yiel d) from the fertilised 

plots . 

In both of these runoff investigations , fine soil particl es 

markedly discol oured runoff from the undrained plots . Adsorbed and 

organically bound S associated with this s ediment fraction was not 

de termined . Total S r unoff losses from these plot s will therefore have 

been greater tha n measured losses . 

IV . 1 .1. 3 A comparison between runoff losses in 1976 and 1977 

Measured l osses from undrai ned plo ts in 1976 (i.e. in 8l1 l m3 ha -· 1 

of runoff ) may b e compared with S01+-S losses in the initial 840 m3 

ha- 1 of runoff '7ater disc harged from undrained plots in 1977. 
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Figure 3 Cumulative S04 - S surface runoff losses from unfertilised and 
fertilised plots in 1977 . 
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Sulphate-sulphur losses from undrained, unfertilised plots in 

1976 and 1977 in this runoff water were similar (0.9 and 0.8 kg S0,1-S 

ha -1 . 1 ) respective y. 

Additional S0 4-S lost from the fertilised plots in 1976 (57 kg S 

ha - l applied) and 1977 (55 kg S ha -l applied) totalled 4. 6 and 6. 5 kg 

ha -l respectively. This difference largely reflected a greater loss 

from the plots fertilis ed in 1977 in the fir s t 250 m3 ha - 1 of water 

discharged (Table X). The application of solution S immediately (i.e. 

within one day ) prior to the occurr ence of a runoff event resulted in 

a large runoff loss in 1977. The application of Sin 1976 in a form 

less susceptible (i.e. solid superphosphate) to rapid transport in 

runoff water resulted in a comparatively small loss initially. The 

prolonged (nine day) interval between fertilisation and the occurrence 

of a runoff event in 1976 probably also contributed to the reduced las~; 

with infiltration of a fraction of the applied S occurring in rainwater 

received during the intervening period . 

Table X The fertiliser (1976) and fertilis er and excretal S (1977) 
loss pattern in the i nitial 840 m 3 ha - 1 of runoff waters 
di scharged in 1976 and 1977 

Cumulative S04-S discharged in 
runoff y:Leld m3 ha - 1 1976 1977 m3 ha- 1 

runo ff :.._g -1 ha 

250 250 1. 9 4.0 

420 170 1. 2 1.1 

840 420 1.5 1.4 

The ob served similarity in losses occurring in the f ollowing 590 

rn 3 ha- 1 of runoff was unexpected consider ing the different forms of 

fertilis er S applied. The finding, however, supports the earlier 

proposal that a fraction of the applied solution S (in fertiliser and 

urine) was retained in a zone subsequently flushed by runoff water. 

IV.1.2 SULPHUR LEACHING LOSSES 

IV.1.2.1 Dissolved S04-S tile drainage water losses 

Water was initially discharged from tiles draining plots 5, 6, 7 

and 8 (i.e. irrigated plots) on May 18 r 1977; plots 2 and 4 on May 31; 

and plots 1 and 3 on June 3. Altogether 12-13 flow events occurred 



before the tile drainage season concluded on September 21. Dissolved 

S0 4-S losses in the drainage water, mean S04-S concentrations in the 

leachate, and the amount of water discharged from each of the eight 

plots in 1977 are given in Table XI (see p.65). 

On average, 11 kg ha- 1 . S0 4-S was leached from the four 

unfertilised plot s . This quantity of S04-S compr ises an important 

fraction (approximately 30%) of the S r equired annua lly by grass­

clover pastures. 
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Leaching losses from the S fertilis ed plots wete general ly 

consid erably larger • The influence of S fertilisation on the magnitude 

of S0 4 -S leaching losses was determined over the 17 week interval July 1 

to September 21 by comparing J.osses from the replicate unfer tilised 

and fertilised plots. Dis solved S04-S losses in the three flow events 

preceding fertilisation varied betwe~n the eight plots . The effect of 

this varia tion Oil S04-S losses from the replicate unf~rtilis ed and 

fertilised plots af t er July 1 was reduc ed using covariance analysis , and 

adjusted mean S04 - S obtained (Table XII). 

Table XII Actual a nd adjusted 1r.ean S0 4 - S tile drain2. ge water losses 
from unfertilis cd a nd fer tilised plots during the interval 
July 1 to September 21, 1977. 

* 
** 

Treatment 

Unfertilised plots 

Fertilised pl0ts 

Actual S04-S loss 
kg ha- 1 

6.56 

12.14 

Adj us t ed S0,1- S loss:~ 
t',g ha- 1 

Difference 4.47 ± 1. 47** 

Covar iance analysis - F-test 8.47 significant. 

Differ ence sigr..ificant at the 95% confidence level. 

A comparison between these adjusted mean £0 4 -S loss value s shows 

that a significantly greo. t er quantity of dissolved S0 4 -S was lea ched 

from the fertilis ed than unf er tilised plots. Sulphur fer tilisat ion 

(43 kg ha- 1
) increased S0 4 -S tile drainage water losses by 4.1~7 i 1.47 

kg ha- 1 , representing 10.4% of the applied S. 

The manner in which fertilisation influenced the extent of S04-S 

movement in percolating water throughout this 17 week interval may be 

determined by comparing S0 4 -S concentrations in leachate from the 

unfertilised and fertilised plots. 

Mean dissolved S04-S concentration f or each flow event in 1977 



Table XI Dissolved S0 4 -S lost in t i le discharge w~ter from each of the eight plots during 1977, the 
quantity of water discharged f rom each pl ot and mean S04-S concentrations in the leachate. 

S0 4- S loss Hat er yield Mean S0 4-S 
Plot Treat ment concentra tion 

kp, ha- 1 m3 ha- 1 µg ml- 1 

--, 
NF 9 . 23 1,096 8.4 ... 

- - --
2 F l L, . 36 l , 64C 8 .8 

--
3 F 15 . 98 l , 3L14 1L 9 

---· 
4 NF 5 . 87 1,552 3. 8 

-
5 NF* 19 . 84 2,096 9 .5 

6 F* 16 . l i1 1 , 720 9.4 

7 F* 21. 24 1, 960 10. 8 

8 NP '< 8 . 99 1, 848 4.9 

F = 43 kg S ha- 1 applied on J ul y 1, ~977. 

NF = Plots not fertilised in i977. 
* Irrigated plots. 

VI 
VI 
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(determined for each plot from total dissolved S0 4 -S loadings and total 

flow data) for ' paired unfertilised and fertilised plots' (III.3) are 

given in Figure 4 . Dissolved S0 4-S concentrations in leachate from the 

unfertilised plots tended to rema.in comparatively stable throughout the 

tile drainage season. Sulphate-sulphur concentrations in leachate from 

the fertilised plots increased after fertiliser was app lied on July 1. 

The pattern of these increases suggest that fertiliser S was leached in 

several ' waves '. For example, sulphate-S concentrations in leachate 

from plot 7 in particular (but also plots 3 and 6) increased immedi­

ately after fertilisation. This may reflect rapid fer tiliser S 

leaching dm,m cracks in the Tokomaru silt loam which develop over the 

summer due to earthworm activity and soil shrinkage (Scatter, pers. 

comm .). Subsequently, conc entrations fell prior to a more gradual 

increase in conc entrations in leachate from all the fertilised plots . 

This delayed fertiliser effect will reflect the comparatively slow 

leaching of most of the applied S fertiliser through the soil bulk. 

Hydrodynamic dispers ion and S0 4 -S soil interaction (i.e. adsorption) 

will have dispersed the leach ing front resulting in the gradua l 

increases observed. 

Although this field trial was designed principally to measure 

leaching los ses from unferUli sed and fertilised plots, the trial 

design aJ so enabled the effect of irrigation on S lea ching losses to 

be measured. 

The wide variation in dissolved S0 4 -S losses from replicat e 

unfertilised and fertilised plots (Table XI ) reflec ted, in part, a 

wide variation in the quantity of water discharged from the replicate 

plots (Table XI ). Plots irrigated the summer preceding this study 

lost, on average , an additional 500 l water ha- 1 (Table XIII). These 

Table XIII Mean dissolved 504-S tile drainage water leaching losses 
frc m non-irrigated and irrigated plots in 1977, and mean 
water yields. 

Treatment 

Non-irrigated 

Irrigated 

Difference 

n.s. = not significant. 

Mean S0 4 -S loss 
kg ha- 1 

11.36 

16.53 

5.17 n.s. 

Mean water yield 
kg 11a- 1 

1408 

1906 

498 n.s .. 
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higher water yields were associat ed with greater S04-S leaching losses . 

On average, an a<lditional 5.2 kg ha-1 S04-S was lost from the 

irrigated plots (Table XIII). However, this increase was not 

statistically (t-tes t) significant, probably due to the l ack of 

replicates rather than the absence of an effect. 

In this study, total dissolved S0 4-S l eaching losses from the 

upper 50 cm of soil in all plots may have been underes t imated. 

D. Scott er (pers . comm . ) and M. Turner (pers . comm . ) using different 

methods calculated that significantly more water was lost from these 

plots in 1977 than that meas ured via the tile drains . Scatter 

calculated water yields from rainfall figures and soil moisture 

conten t s , determined at regul ar intervals in 1977. Tucner predicted 

water yields from the relationship . established between rainfall 

values and the amount of lea cha te collected from these plots in the 

preceding five years. They sugges t that cracks may have developed in 

the iragipan and water seepage beyond t he pan may have occurred during 

winter . Water seepage through the Tokomaru silt loam f ragipan has 

been observcJ (B. Clothier) at a nearby Gite. If this were the case 

dis solved S0 4-S will have by-passed the tiles in percolating water . 

Th~ measured S04- S losses in this study therefore represent minimal 

values . 

IV. 1. 2 . 2 Prediction of S04-S tile drainage water losses 

The prediction of dissolved S04- S losses in subsurface drainage 

wa ters from soil analytical data (water soluble soil S04-S l evels -

Appendix, Table 2) was inves tiga ted . 

Two parameters were selected to describe the transport of 

dissolved SO~-s in subsurface drainage waters : 

(i) mean dissolved S0 4 -S concentrations in selected flows , and 

(ii) tota l dissolved S0 4 -S loadings in these flow events . 

Mean dissolved S04 -S concentrations were regressed against water 

soluble SOi.-S contents of various soil depth intervals to 60 cm. 

Sulphate-sulphur levels at a particular soil sampling were r elated to 

S04-S concentrations in the flow event im:nediat e ly following tr.e soil 

sampling. 

Correlation coefficients for the r elationships, water soluble soil 

S04-S l evels vs mean dissolved S04-S concentrations in the drainage 

water arc given in Table XIV. 
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Table XIV Relationship between mean dissolved S0 4 -S concentration in 
tile drainage water and water soluble soil S011-S levels at 
different depths expressed as correlation coefficients. 

Soil depth 
r cm 

0-10 0,590** 

10-20 N.D. 

0-20 0. 7071:* 

20-40 0.581** 

0-40 0.769** 

40-60 N.D • 

.i0-60 0.735** 

"'* Highly significant (P < 0.01). 

N.D. Relationships not determined as visual assessmen t of the graph , 
mean dissolved S04-S concentration vs water soluble S04-S l evel 
suggested only poor relatjonships ex isted. 

Highly significant relationships existed between mean dissolved 

S0 4-S concentrations :i.n the drainage water and water soluble S0 4 -S 

levels at all depths consider ed. The strongest linear relationship was 

obtained, however, when the water soluble S0 4 -S content of the upper 

40 cm of soil was considered (Figure 5). This indicates that dissolved 

S0 4 -S was leached from all depths in the upp er 40 cm of soil in 

individual flow events. 

As the mo le dr~ins were situated at a depth of 45 cm, an improved 

relationship may have been obtained if water soluble S0 4 -S levels in 

the 40-45 cm depth had also been considered. This could not be 

confirmed as the soil wa s not sampled at this depth. 

The highly significant relationships observed above indicate that 

the wide variations reported earlier in S0 4-S losses from replicate 

plots were partly attributable to differences in S0 4 -S levels in these 

replicate plots·. 

Total dissolved S04 - S loadings in each flow event immediately 

following soil sampling were also regressed against water soluble S04-S 

levels in the upper 40 cm of soil. Sulphate-sulphur loadings were not 

significantly related to water soluble soil S0 4-S levels. 

As mean dissolved S04-S concentrations in the leachate but not 

total Gissolved S0 4-S loadings, were related to water soluble S04-S 

l evels in the soil, the quantity of water discharged was the prime 



Figute 5 Relationship between water spluble S0 4 -S (0-40 cm) 
levels and S04 -S concentrations in the leachate. 
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factor influencing the relative quantity of S0 4-S lost from plots in 

each flow event. 

IV.1.2.3 Fertiliser S recovery in the soil 

Mean water soluble S0 4-S levels in plots 2, 3, 6, and 7 (i. e . 

plots subsequently fertilj_sed) on July 1, and plots 1, 4, 5 and 8 did 

not differ significantly prior to fertilisation (Table 1.'V). Fertiliser 

S present as water soluble S0 4 -S in the upper 60 cm of soil at each 

soil sampling after July 1 may, therefore, be determined by comparing 

S0 4 -S levels in the unfertilised and fertilised plots. T-test 

comparisons (Table XV) showed that a significant fertiliser effect 

existed at all samplings. Fifteen weeks after fertilisation, 28 kg 

ha- 1 of the 43 kg S ha- 1 applied in superphosphate was recovered as 

water soluble S0 4 -S in the upper 60 cm of soil. 

Table XV The average quantity of water soluble S0,1-S present in 
plots 2, 3, 6, 7 (0-60 cm) in excess of that present in 
plots 1, 4, 5, 8 (0-60 cm) prior to and after fertilisation. 

* 
** 

Date 

~Tune 24 

Jt:ly 12 

August 3 

August 19 

August 30 

September 27 

October 13 

significant (P < 0.05). 

highly significant (P < 0.01). 

0.9 

54.4* 

35.0** 

25.2* 

29.2* 

33, fiH 

29.1* +-

Differences in mean water soluble S0 4-S levels in plots 2, 3, 6 

and 7 and plots ls 4, 5 and 8 at each soil depth sampled immediately 

prior to and after S was applied are graphed in Figure 6. Prior to 

fertilisation S0,1-S levels at each depth in plots 2, 3, 6 and 7 closely 

approximated levels in plots 1, 4, 5 and 8. Hence differences 

occurring after July 1 indicate the fertiliser S distribution pattern 

within the upper GO cm of soil. On July 12, eleven days after 

fertilisation, mos t of the applied S was recovered in the upper 10 cm 

of soil. Sulphate-S levels below the 10 cm depth in the fertilised 
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Figure 6 The average quantity of water soluble soil SO~-S (0-60 cm) 

present in plots 2,3,6 and 7 in excess of that present in 
plots 1,4,5 and 8 at each sampling prior to and after fertil­
isation, and rainfall received between sampling intervals. 

Sampling R:-infa ll received 
Soil depthCcms) date. between sampling 

intervals (mmJ 

o-10r 
10-20, · 

June 24th 

20-4L' L 

0-10 40 -sol 
( 

10-20 

t 20- .io 

July 12th 68 -3 

40-60 0-10 

10-20 Aug. a th 57 ·0 

20-40 -

0-10 40-60 

10-20 Aug. 19th 36 ·6 

?0-4 '.J 

40-60 0-10 

10-20 Aug . 30th 9 ·3 

20-40 

c-10 41., ·60 

10-20 Sept. 27th 100 ·6 

20-40 

40-60 0-10 

10-20 Oct . 13th 31·0 

20-40 

40-60 
-5 0 5 0 15 20 25 30 

Additional S04-S present 111 plots2,3,6 and 7 ug .cm .- 3 



plots were also slightly higher than corresponding levels in the 

unfertilised plots indj_cating that a small fraction of the applied S 

was rapidly leached dm,m the profile. This was reflected in higher 

dissolved S04-S concentrations in tile drainage waters from the 

fertilised plots (IV.1.2.1). 
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Under the leaching conditions which prevailed, with time, a 

progressively larger fraction of the fertiliser Sin the upper 60 cm 

of soil was recovered below the 0-10 cm depth. By August 19 

fertiliser Sin the upper 60 cm was c6ncentrated at the 10-20 cm 

depth. Fertiliser S leaching occurred to a minimal extent.over the 

interval August 19--30, evidenced by the similar fertiliser S 

distribution patterns, Little rainfall was, however, received during 

this interval (Figure 6) and no tile flow events occurred. Fertiliser 

Sin the upper 60 cm of soil was evenly distributed throughout the 

upper 40 cm on October 13 when this study wa s concluded. 

Although fertiliser S losses in tile drainage water amounted to 

only L1. 5 kg S ha- 1
, loss es from the plant uptake zone may have been 

considerably larger. The fertiliser S distribution pa ttern (Figure 6) 

shows that sub s tantial amounts of S mo~ed beyond the topsoil depth of 

20 cm. Althou gh plant roots penetrated to the maximum soil depth 

sampled (60 ~m) at this s ite, evid ence (During, 1972; Gregg, 197 6) 

sugeests tha t in heavy textured soils pla nt s obta in mo s t of their S 

from the topsoil. In this study measured fertiliser S04-S leaching 

losses from this active zone of uptake totalled 18.23 kB ha- 1 (Table 

XVI), or 50% of the applied S. Total fertili s er S leaching loss may 

have been even larger. Some s may have been, 

(i) leached beyond the 60 cm depth and/or 

(ii) h :ached beyond the 20 cm depth and subsequently adsorbed. 

Table XVI Measured fertiliser S leaching loss from the upper 20 cm 
of soil i.n 1977. 

so,.-S tile draina ge water loss (kg ha- 1
) 

S0:.-S recovered in the 20-60 cm depth (ka ha- 1) 

Total leaching loss: 

4.47 

13.76 

18.23 

Despit e the l a rge fertiliser S leaching loss, an application of 

t,.3 kg S0 1.; -S ha- 1 in autumn maintained the water soluble S04-S content 

of the upper 20 cm of soil in spring (Table XVII) at a level adequate 
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to meet pasture S require.ments for an extended length of time, In 

contrast , in spring, insufficient water soluble S0 4 -S was present in 

the upper 20 cm of the unfertilised plots (Table XVII) to meet pasture 

S requirements for an extended length of time unless this pool was 

subsequently replenished at a relatively rapid rate, 

Table XVII Mean water s oluble S0 4 -S contents of the upper 20 cm of 
soil in the r eplicate plots in a utumn before the tile 
dra inage seas on commenced, and spring after the tile 
drainage season had concluded, 

Plots 

1, 4, 5, 8 (unf ertilised ) 

2, 3, 6, 7 (fertiHsed ) 

Water soluble S0 4 -S content 
kg ha- 1 

May 18 prior to 
topdressing 

19.4 

23.1 

October 13 

7.9 

22.2 

IV. 1. 3 R.AHffALL SULPHUR ADDITION 

Rain rece ived, S concentrations in the rain and dissolved S rain­

fall addi tions measured over irregular intervals throu ghout the 

interval May 12 to October 30, 1977, are given in Table XVIII. 

Measured S concentrations s uggest that S concentrations do not 

vary in a consistent manner on a seasonal basis , Therefore, assuming 

that the mean S concentration in rain received in the remaining seven 

months of 1977 was similar, with an annual rainfall figure of 960 mm 

(Sca tter , unpubl. data ), approximately 5.5 kg ha- 1 of S was received 

in the rainfall during 1977. 

IV. 1. 4 GENERAL DISCUSSION 

Surface runoff 

Findings of the present runoff studies are of particular importance 

as no earlier studies have investigated the magnitude of S runoff losses 

from pastures. 

In this study the 'unfertilised' treatment represents the situation 

where fertiliser S is applied in spring IOctober-November). It can be 



Table XVIII Rain received S,concentrations in the rain and total rainfall addition 
over the interval May 12 to October 30, 1977. 

Interval between 
sampling the 

r ain collected 

May 12 - 25 

May 25 - June 17 

June 17 - 27 

June 27 - July 7 

July 7 - August 2 

August 2 - September 2 

September 2 - 30 

September 30 - October 7 

October 7 - 30 

Dissolved S concentra tions 
(µg . r.11-1) 

0.47 

0 . 38 

0.65 

0 .35 

0 .56 

0 . 42 

1.00 

0.80 

0 . 62 

Total rainfall S addition over the period May 12 to October 30 

Rain received 
(mm) 

67 

80 

46 

39 

78 

74 

97 

28 

9 

3 .1 kg ha- 1 • 

°' CX> 
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concluded from the result s that S losses from superphosphate applied 

in the previous spring will be negligible, irrespective of whether 

the pastures are drained or undrained. 

The fertiliser treatments in these studies represent situations 

where superphosphate is applied in late autumn. Results show that 

autumn applied fertiliser S losses in runoff from undrained pastures 

may be substantial. 

Dissolved S0 4 -S surface runoff losses measured in the present 

stuoies may differ somewhat from the actual losses occurring from 

large scale areas (paddocks or catchments ). In large scale areas the 

erosiona l power of runoff water is likely to be significantly greater 

due to the greater velocities attained in moving large distances 

downslope . Ponding of surface runoff and subsequent S0 4 -S entry into 

the soil at the base of slopes will t end to reduce runoff lo sses . 

Nevertheless, important factors governing runoff losses, including 

soil infi ltration characteristics and the rainfall pattern will be 

the same . Therefore losses are likely to be of a similar order of 

magnitude . 

In the present study no attempt was made to predict runoff losses 

from soil dat a , as done by Sharpley et al. (1977) in rela tion to P 

surface runoff losses , This would seem a use ful field for r esearch, 

Leaching 

The 'unfertilised ' treatment in the leaching study a lso represents 

the situation where Sis applied in spring . Findings indicate that in 

this situation l eaching losses from drained, grazed pastures will be 

substantial. Losses from pas tures fertilised in l ate autumn will be 

significant l y higher. 

The rapid movement of fertiliser S observed in this study closely 

reflects the pattern of fertiliser S movement reported by Gregg (1976) 

in several Canterbury soils (yellow-brown earths and recent alluvial 

soils) which are also characterised by lo~ S0 4 - S retention capacities . 

Fertiliser S leached beyond the 20 cm soil depth in the present 

investigat ion (18 . 2 kg S ha- 1 or 42% of the applied S) exceeds that 

fraction of the applied S leached from the Tokomaru silt loam in 

Muller and McSweeney's (1977) glasshouse in,,estigation (average 11.5 kg 

S ha- 1 yr- 1 or 10% of the applied S). The comparRtively small 

fer tiliser Sloss reported by Muller and Mcsweeney (1977) is, however, 

surprising as unfertilised soils in this glasshouse study lost, on 
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average, 25 kg S ha- 1 yr- 1 • 

Attempts to predict tile drainage S losses from soil data in the 

present study met with moderate success . Since it is relatively 

simple to measure leaching losses from drained pastures on the 

Tokomaru silt loam it would seem worthwhile more fully to investigate 

soil S0 4-S/discharge relationships . 

Total dra inage water losses 

In the present study it was not possible to conduct the surface 

runof f and subsurface leaching experiments on similar l and. The 

surface runoff plots were gently sloping (6° 5') whereas the surface 

drainage plots were flat (0-1°). Surface runoff losses from the 

subsurface drainage plots would have been lower because of increased 

infiltration following ponding at the soil surface. Subsurface 

drainage water los ses from th e runoff plots would be lower because a 

greater fraction of the water will move downslope as surface runoff . 

Nevertheless, the results indicate tha t total tile drainage and surface 

runoff losses from drained pastures fertilised in spring would have 

exceeded 7. 5 kg dis solved S0 4- S ha- 1 yr- 1
• Losses from the pastures 

fertilised in autumn would have exceeded 15.0 kg dissolved S04-S ha- 1 

-l yr . 

Total drainage water losses from undrained pastures were not 

inve::::tigated . Losses are also likely to be high, 2.s any r eduction in 

leaching losses at sloping sites (as a consequence of reduced 

infiltration) will tend to be offset by the larger surface runoff 

losses observed. The relationship between drainage water losses from 

undrained and drained pastures could be further investigated. 

The results suggest that where drained pastures were fertilised 

in spring S received in the rain in 1977 was likely largely to offset 

drainage water losses. A significant net Sloss (in relation to 

annual pasture S requirements) will have occurred from pastures 

irrigated the preceding summer and/or fertilised in autumn. Measured 

surface runoff losses also indicate that S received in the rain was 

unlike ly to offset likely total drainage water losses from undrah1ed 

pastures. 

The importance of leaching and surface runoff as loss mechanisms 

in the Tokomaru silt loam may be illustrated by comparing measured 

losses with report ed immobilisation losse8 and losses associated with 

g-razi.ng animals. Drainage water S losses exceed losses associated 
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with grazing animals (i . e. 3-7 kg S ha- 1 yr- 1 (During, 1972)). Losses 

from pastures fertilised in spring are generally l ow in comparison 

with im,~obilisation losses reported in a range of New Zealand 

pas tural soils (i.e . 7.2 - 18 . 5 kg S ha- 1 (0- 15 cm) yr- 1 (Jackman, 

1964)) . However , measured drainage water losses from pastures 

fertilised in autumn are generally high in comparison to immobilisation 

l osses . 

IV.2 POTASSTUH 

IV . 2.1 POTASSIUH SURFACE RUNOFF LOSSES 

IV . 2.1.1 Surface runoff (]976) 

Dissolved K lost from each of -the four runof f plots dur ing the 

interval May 28 to July 8, fertiliser K losses and mean concentrations 

in the runoff are given in Table XIX . . 

Tab l e XIX Dissolved K surface runoff losses in 1976 and mean K 
concentrations in the runoff . 

Kloss Fertiliser K Plot Treatment 
kg ha- 1 kg ha- 1 

1 Undrained, 
2.6 1.5 fertilised* 

2 Undrained, 
unf ert i l i sed;:i< 1.1 

3 Drained, 
unfertilised 0 . 3 

/1 Drained, 
fertili sed 0.6 0.3 

*so kg K ha-1 in potash on May 28, 1976. 

** K fertiliser not applied in 1976. 

loss Mean K conc entrations 
µg ml· 1 

3 . 1 

1. 3 

1. 2 

2.5 

Potassium lost from each cf the four plots was negligiule in 

relation to annual pasture K requirements . Both K fertilisation and 

drainage influenced the magnitude of these losses . 

Potassium fertilisation enhanced losses from undrained and drained 

plots 2.5- and 2-fold respectively. Fertiliser K runoff losses were , 

nevertheless, minimal in relation to the quantity of K applied (~ 3%) . 

Mole and tile drainage influenced runoff losses to a considerably 

greater extent than K fertilisation. Drainage r educed the K lost from 
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unfertilised plots 3.5-fold. This reduction reflected the 3.5-fold 

reduction in water yield associated with mole and tile drain.'.lge. 

Potassium runoff losses from f ertilised plots were reduced 4.5-fold 

by mole and tile drainage . This reduction was a reflection of both a 

lower mean dissolved K concentration in the runoff and a lower water 

yield. 

Mean K concentrations in runoff from the four plots in each flow 

event are given in Figure 7. 

· The lower initial K concentration in runoff from the fertilised 

drained than undrained plot (Figure 7) indicat es that a greater 

fraction of the applied K had infiltrated i nto the drained plot before 

a flow event occurred. However, concentrations in runoff from the 

undrained plot fell rapidly from a· peak in the flow event immediately 

following fertilisation. Thi s pattern is probably a reflection of the 

highly soluble nature of potash, Most of the fertiliser Knot lost in 

t1i e first few flow events apparently enter ed the soil and subsequently 

was not susceptible to transport in surface runoff. Despite this 

r apid infiltration of fertiliser K, ferti lisation continued to 

influence K concentrations in runoff (jigure 7) fr om the undrained 

plots in particular, th~oughout this six we~k study . 

IV.2.1 . 2 Surface runoff (1977) 

Dissolved K lost from each of the f our undra ined plots during the 

interva l J une 10 to September 19, the amount of water discharged from 

plots 5 and 6, and 7 and 8, and K lo sses prior to after July 1 when 

55 kg K ha·- 1 was applied to plots 5 and 6, are given in Table XX. 

Only a negligible fraction of that K required annually by grass­

clover pastures was transported in surface runoff waters from the 

unfertili sed plots (i.e. plots 7 and 8). Considerably more dissolved 

K was lost fr om plots 5 and 6 both prior to and after fertilisation 

(four-fold increase). 

A 24 hour grazing event enhanced losses prior to fertilisation. 

This increase reflected in part a larger surface runoff water yield. 

Dissolved K concentrations in the runoff water from plots 5 and 6 were 

also cons iderably higher (Figure 8), reflecting excretal K movement 

in the runoff water. 

An i mmediate increase in the me.an K concentration in runoff from 

plots 5 and 6 followed K fertilisation (Figure 8). This increase in 
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Table XX Dissolved potassium surface runoff losses in 1977, losses prior to and after fertilisation of two 
of the four plots, and water yields. 

June 10 - July l July 1 - September 19 June 10 - September 19 
?lot Treatment Kloss Water yield Kloss h1ater yield Kloss 

kg ha- 1 m3 ha- 1 . kg ha- 1 kg ha- 1 

5 Fertilised*, grazed 0.7 4.6 5.3 
156 1094 

6 Fertilised, grazed 1.1 4.7 5.8 

7 Unfertilised** 0.2 1.2 1.4 
ungrazed 

120 1037 
8 Unfertilised, 0.2 1.1 1.3 

ungrazed 

* 55 kg ha-1 K applied in potash on .July 1, 1977. 

** Fertiliser Knot applied in 1977. 

--..J 
,I:,-
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Figure 8 Mean- dissolved K concentrations in surface runoff from 
unfertilised and fertilised plots in each flow event (1977). 
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concentration presumably reflE-cted fertiliser K transport downslope . 

Mean K concentrrrtions fell r;:ipidly in subsequent flow events and by 

August 10 (61 days after K v!as applied) K runoff levels closely 

approximated K concentration s in runoff from the unfcrtilised plots. 

Fertiliser (and excretal) K was subsequently not liable to transport 

in surface runoff water. 
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The pattern of fertili ser (and excretal) Kloss after July 1 may 

be determined by comµaring mean cumulative Kloss curves for th2 

unfertiliscd and f er tilised plots (Figure 9) . Probably only a 

comoarativel)'._ small quantity of excretal K was losi.: af ter fertilisation 

and hence, most of the fertili ser K lost in runoff was transported 

downslope in the first few flow events following fertilisation. In 

the flow event occurring only two days after f ertilisation, 32% of the 

total applied Klost was lost in only 47 m3 ha- 1 of water. Another 23% 

of the total K lo st , was transported downslope in a further 68 ro 3 ha- 1 

of water in two additional flow events . Altogether 95% of the applied 

K lo si.: in runoff was discharg~d in the first 547 rn 3 ha- 1 (i . e. 50% of 

the total water yi eld)of r unoff water . 

In these studies , K losses in sediment discharg ed in the sur face 

runoff were not measured . Sediment markedly discoloured runoff waters 

from und ra ined plot s . This sediment was likely to contain Kin 

appreciable quantities due to the K retentiv e nature of the clay 

f raction (2:1 clays domina te) in the Tokomaru silt loam. Total K 

surface runoff losses from unfertilised and fertilised plots (in 

particular the undrained plots) may, therefore , have been considerably 

underestimated by measur ing dissolved K runoff losses . 

IV.2.1 . 3 A comparison between runoff l osses in 1976 and 1977 

Losses from unfertilised plots in 197 6 and 1977 in the initial 

840 m3 ha -l of runoff (discharged after K was applied to the associateq. 

fertilised plots) were similar . Additional K lost from the fertilised 

plots was equivalent to 3.0% (1.5 kg K ha-1 ) and 6.3% (3.5 kg K ha - 1
) 

of thP. fertiliser K applied in 1976 (50 kg K ha-1) and 1977 (55 kg K 

ha'""1 ) respectively. The Kloss pattern in this runoff water 

(summarised :i.n Table XXI ) shows that the larger total Kloss in 1977 



Figure 9 Cumulative K surface runoff losses from uniertilised and 
fertilised plots in 1977. 
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reflected a greater loss in the first 250 m3 ha-1 of water discharged. 

Transport of solution K (r eceived in urine) in runoff water may partly 

account for the grea ter loss in 1977. However, the more important 

factor was likely to be the different rainfall patterns immediately 

following fertilisation . The occur rence of several flow events within 

four days of fertilis a tion would probably account for the large Kloss 

in 1917. In contrast the prolonged interval (nine days) between 

fertilisation and the occurrence of a runoff event in 1976 would 

favour a relatively small Kloss, as recorded ; with a larger fraction 

of the applied K infiltrating into the soil in the intervening period. 

Table XXI 

Cumul a tive 
runoff 
yield 

250 

420 

840 

The fertiliser (1976) and fertilis er excretal K (1977) loss 
pattern in the initial 840 m3 ha- 1 of runoff water 
discharged in 1976 and _l977. 

K ~ischarged in 

m 3 ha- 1 runoff 1976 1977 

kg ha - l (% fertili ser K applied) 

250 0. 8 (1. 6 ) 2.9 (5. 3) 

170 0.3 (0 .6 ) 0.3 (0.5) 

420 0.4 (0.8 ) 0.3 (0.5) 

IV. 2 . 2 POTASSIIB1 LEACHING LOSS ES 

IV.2.2.1 Dissolved K tile dralnage water l osses 

Dissolved K leaching lo sses and mean dissolved K concentrat ions in 

leacl1a te from each of tbe eight plots in 1977 are given in Table XXI I. 

Dissolved K leached from the four unfertilised plots was negligi­

ble in relat i on to annual pasture K requirements. Potassium losses 

from the f ert ilised plots in 1977 were also low. 

The influence of K fertilisation on tile drainage water losses 

over the 17 weeks interval, July 1 to September 21, was determined 

using covariance analysis, as losses from the eight plots in the three 

flow events prior to K fertilisation varied considerably. The 

'adjusted mean Kloss values ' thus obtained for the unfer tilised and 

fertil ised plots did not differ significantly (Table XXIII). Only a 

negligible fraction ( 1. 3%) of the applied K was leached in tile 

drainage wa ters. 
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Table XXII Diss olved K lost i n tile <lischarge waters from each of 
the eight plo t s during 1977 and mean K concentrations in 
the leachate. 

Plot Treatment 
Kloss Mean K concentr ation 

kg ha- 1 µg ml- 1 

1 NF 4.85 4. 4 

2 F 4. 83 3.0 

3 F 4 . 53 3. 4 

l1 NF 3.21 2.1 

5 NF* 8 .10 3.9 

6 F* 3.02 1. 8 

7 F* 3.8 :~ 1. 9 

8 NF* 2,/19 1. 4 

F = 55 kg ha l K a pplied on J uly 1, 1977 . 

NF = Plots not f ertilised i n 1977 . 
* Irriga t ed plot s . 

Tablt: X.XJlI Aclual and ' acl justcd' mean K tile draina~e wa t ~r. losses 
fr om unfert iJ jsed and ferti l ised plo t s during t he 
interval July 1 t o September 21s 197 7. 

* 

Tr ea t n,en t 

Unfertilis ed plots 

Fertilis ed plots 

Actual mean Kloss 
kg ha- 1 

2 . 32 

2.51 

Adjusted mean Kloss* 
kg ha- 1 

Difference 

2 . 06 

2 . 77 

0.71 n.s . 

Covariance ana l ysis F-test 1.52 - not significant . 

n . s . = not signi fic ant . 
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A comparison between mean K conc entrations in leachate from paired 

unf ertilised and fe r tilised plots in each flow event during 1977 

(Figure 10) sugges ts that K f ertilisation d j_d, however, enhance K 

conceatrations i rr.media tely aft er K wa s applied . Thi s effect was most 

pronounced in plot 7 and probably reflects the rapid leaching of a 

small fraction of t he applied K down cracl~s in the soil profile. 

Potassium conc entrations in water discharged from the fertilised plots 

decreased rapidly again (Figure 10), approaching values expected in 

tr,e ·absence of a K fer tiliser ef fect. Fertiliser K entering t he soil 

was , therefore , almost entirely retained in forms not suscep tibl e to 

movement in percolating water. 

Irrigation did not influence di ssol ved K leaching losses (Tabl e 

Y-XIV). While a significantly grea ter quanti ty of \\'a t e r was discharged 

from the irriga t ed than non-irriga ted plots in 1977, the mean K 

concentration in leachat~ fro rr. the irrigated plots wa s lower. 

Table XXIV Mean d i ss olvcd K til e dra i n,1g e \•?a t e r l ea ching lo sses from 
non- irrigated and irrigated ~lo ts in 1977, mean water 
yields , and mean K concen t rntions in the leachate . 

Treci.l men t 

Non-irriga t ed 
plots 

Irrigated plots 

Hean dis s olved 
K lo ss 
kg !1<'!-l 

----------

4.36 

4.3 5 

Mean dissolved K 
c:onc: eutra t ion 

pg ml- 1 

3 .21 

2.23 

Mean ,.rater 
yfold 

m3 ha- 1 

1408 

1906 

As discussed ear l ier ( IV .1. 1 .1), lea ching water may have 

percol ated beyond the 45 cm dep th in the s e eight plots. Therefore , 

total Jissolved K leaching lasses will have been und erestimate~ by 

me~sur ing tile drainage wa t er losses. Never t heles s , the magni t ude of 

theGe tile drainage water lo sses indica t e that total K leaching losses 

are likely to be low. 

IV.2.2.2 Pr edicti_on of K tile drainage water lo_sses 

The possibility of predict ing dissolved K losses in tile dra inage 

waters from water soluble soil K levels (Appendix Table 3) a nd 

ammonium acetat2 (a .a.) ~xtractable K levels (Appendix Table 4) were 

investigated. 

Two parameters we:ce selccled to des,::r:i.be the t ransport of Kin 
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Figure 10 Mean dissolved K concentrations in leachate discharged from 
paired unt ~rt i~_ised and fertil i sed plots in eac:1 til e 
dra inage event in 1977 . 
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Figure 10 Mean dissolved K concentrations in leachate discharged from 
paired unfertilised and fertilised plots in each tile 
drainage event in 1977. 
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Figure 10 Mean dissolved K concentrations in leachate discharged from 
paired unfertilised and fertilis.ed plots in each tile 
drainage event in 1977. 
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Figure 10 Mean dissolved K concentrations . in leachate discharged from 
paired unfertilised and fertilised plots in each tile 
drainage event in 1977. 
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subsurface drainage waters, viz.: 

(i ) mean dissolved K concentrations in selected flow events, 

( ii) total dissolved K loadings in these flow events. 

Mean d:lssolved K concentrations and loadings were regressed 

against K contents of the 20-40 cm, 40-60 cm, 0-40 cm, and 0--60 cm 

soil intervals . These soil intervals were selected from visual assess­

ment of the graphs, K concentration and K loadings vs soil K levels at 

all depths. In all instances potassium levels at a particular soil 

sampling were paired with dissolved K concentrations and K loadings in 

the drainage event iITlf!lediacely following soil sampling. 

Significant (5% level) correlations existed only between mean 

dis solved K cuncentrations in the drainage water and water soluble 

(r = 0.368) and ammonium ac e tate extractable K (r = 0 . 293) in the 

upper 40 cm of soil. 

Potassium loadings were not corr.elated with soil K le·1els . 

These very poor relationships may bE: due to sE:veral factors 

inclucl i.ng: 

(i) selection of soil parameters wtich do not des crib e the 

quantity of K susceptible to leaching and/or 

(ii) :!.mprecisc charac teris ation of the soil K status (wat er 

soluble and a .a. extr actable K). 

Water soluble and eY.~ractable (a.a.) K l evels var;:_ecl widely 

(frequently in t he ord e::: of 30 to 100 kg ha -i (0-60 cm) respectively) 

over relatively short s a~p ling intervals of 2-3 weeks. These varia­

tions, in general not attributable to K fertilisation, exceed the 

level of chaage that might be expected in the absence of K 

fertilisation. It appears, therefore, that th e soil sampling 

t echniques u'ay have been inadequate. 

The fi e ld plots were 1:.razed on a rotational basis for several 

years prior to, and during, this study. Occasional sampling of K 

enriched excr etal spots and/or K depleted areas may explain the 

extreme variab i lity in measured K levels. Soil S01+-S levels discussed 

earlier did aot display such marked variability. However, S01t-S 

applied in urine would t.end to leach down the pr ofile effectively 

reducing the application rate. 
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IV. 2. 2 . 3 Fert iliser K recovery in the soi.1 

As only a negligible fracticn of the applied K was leached in tile 

drainage waters, it seems reasonable to asscme that this K was largely 

retained in the upper 60 c:rn of soil. However , water soluble and 

ammonium acetate minus water soluble (AA-WS) soil K contents of the 

0- 10, 10-20, 20-40, 0-40, and in the upper 60 cm of soil in t he four 

unfert ilised and four fertili sed plots did not significantly differ 

(t-test ) at any sampling after f ertiliser K wa s applied. 

· Several f actors may expl ain thi s negligib le fer tiliser K r ecovery 

i .nclud ing : 

(i) the extreme variabili.ty which existed in extractable K 

levels (Appendix - Tables 3 a nd 4) between the replica te 

plo ts at each soil sampling (a reflection of non­

repres entative soil sampling), and 

(ii) the retention of applied Kin forms not extracted 11ith 

water or ammonium acetate . 

The amount of K applied (55 kg ha- 1 ) was very l ow in relation to 

th e tot.al qu:rnti ty of . AA-WS K already present in the upper 60 cm of 

soil (average of 564 kg K ha- 1 on June ·21+ ). Therefore, even if 

r epresenta tiv e samples had been ob t ained , it would be difficult t o 

detect a sign::.ficant fertilis er effec t on AA-WS K levels in the 0--60 cm 

depth. 

IV. 2 . 3 RAINFALL K ADDIT IONS 

Only 1. 40 kg K ha- 1 was r eceived in the rain over a period of 

21 weeks from May 12 to October 30, 1977 (Table XXV). 

Measured K concentrations in the rain (Tabl e XXV) were lowest 

in late winter-early spring. However , even if, as the figures 

suggest, K concentrations were higher throughout the late spring-early 

autumn interval, with a yearly rainfall figure of 960 !Ilill (Sca t t er , 

unpubl. data), K received in 1977 was unlikely to exceed 3. 5 kg ha- 1
• 
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Table XXV Rain received , K concentrations in the rain and the total 
K receiv ed during the iuterval May 12 to October 30, 1977. 

Interval between 
sampling the rain 

collected 

May 12 - 25 

May 25 - June 17 

June 17 - 27 

June 27 - July 7 

July 7 - August 2 

August 2 - Sept ember 

September 2 - 30 

... 
L. 

September 30 - October 

October 7 to 30 

7 

Dissolved K concentrat ior.s 
(µg ml- 1 ) 

0 . 47 

0 . 38 

0 . 65 

0 . 35 

0 . 56 

0 . 42 

1.00 

o·.so 
0.62 

Raiu received 
(mm) 

67 

80 

46 

39 

78 

74 

97 

28 

9 

Total rainfall K Rddition over the period May 12 to October 30 
= ] .4 kg ha-I 

IV. 2 , l1 GENERAL DISCUSSION 

Surface runoff 

Results of the present study are important as potassium surface 

runoff l osses from New Zeal&nd pastures have not previously been 

i nvestigated . 

The unfertilised treatment in this s t udy r epresents the situRtion 

where fertiliser K is applied in spring . It may be conclud e.d from the 

resul t s tha t losses of fertiliser (potash) K applied in late spring 

from both drained and undra ined pastures on the Tokomaru silt l oam 

will be negligible . Larger l osses occur , part icularly from undrained 

pastures, if fertili ser K is appl i ed in autumn . Fertiliser K lost 

wHl compri se a small but ve.riable fraction of the K applied , depending 

on the rainfall pattern itn:%,diatel y following fertilisation . 

Losses in the present study are s i milar to losses r qJor t ed by 

Bur.ke et al . (1974) in Ireland . In the latter investigation, l osses 
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from recent1.y unf ert ilised pastures were small, ranging from 1.1 4 . 2 

kg K ha··l yr- 1
• FertiliEer K losses from undrained and drained 

pastures (aver aging 7 .4% ,:rn<l Z . 4% r espectively) varied depending on the 

rainfall pattern immediat c~ly following ferc ilisation. Potassium 

losses were considerably l ower if pas tures were tile drained . 

Results of the present s tudy also indicate that grazing cattle 

enhance K runoff losses . Although a grazinr effect on nutrient runoff 

losses other than K have been reported (e . g . Sharpley et al . , 1977), 

this is the first reported find ing with regard to p·otass:i.um. 

For reasons discussed with regard t o S (IV.1.4), measured 

dissolved K runoff losses from the small plots used in the present 

study may differ slightly from losses occurring from paddocks or 

catch.r.-ients. 

Leac.hing 

The commonly made assumption that K leaching occur s to a minima l 

extent in K-ret entive New Zealand soils in the field was substantiated 

by f:i.ndin gs in the present field investigation . 

Result s of this s tudy jndicat ~ t hat K losses from pastures 

fertilised in spring or autumn will be insignificant in rela tion to 

the quantity of K applied or annual pasture K rcquire~~nts . 

Leaching losses in this study (avcraginB 4. 36 kg ha·· 1
) cJosely 

parallel l osses reported in overseas field studies ( Bolton et ~1., 

1970; Burke et al ., 1974; Kilt:,e;r, 1974) . In these overseas studies, 

K tile or catchment drainaGc> \·,ater losses f r om f ertilised, gra zed ac1d 

ungrazed pastures were l ow (~ 5 . 5 kg K ha-1 yr- 1
). 

A greater quanti ty of water was dischar ged from the irrigated 

than non- irriga t ed plots. However , K concentrations in the l eachate 

were l ower. These results sugges t that a pool of r eadily leached soil 

K exist ed which was depleted to a greater extent in the irrigated than 

non-irrigated plots by the greater quantity of water percolating 

through the soil. The existence oi such a pool of readily l eached 

soi l K was not supported by soil analyses, as very poor r elationships 

existed between me3 sured soil K l evels and K leaching losses. These 

poor relat i onships observ.-:?d may, however , be due to incorrect 

selection of measured scil K parameters to describe the level of 

readily leached Kand/or i mprecise det("r-n:inations of the soil K 

status. 
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Tot~l drainage water losses 

In the present investiga tion surface runoff and leaching losses 

were measureJ at different sites on the Tokomaru silt loam. Neverthe­

less, the results of thes e studies indicate that, irrespective of 

whether fertiliser K is applied in autumn or late spring, total 

drainage water K losse s from drained pastures were unlikely to exceed 

5.0 kg K ha- 1 in 1977. 

The i mportance of the leaching component of drainage water losses 

from undra i ned pastures was not investigated. Howev2r, potassium 

leaching losses from undrained pastures are likely to be smaller than 

losses from drained pastures because of reduced water infiltration. 

Hence total dra inage water losses from undrained pastures fertilis ed 

in spring ar e als o likely to be low. Research is required to confirm 

this hypothe s is. Fertilis er K lost from undr&ined, gently sloping 

pastures fertili sed in autumn may be significantly higher because of 

a l arger surface runoff loss . This loss will, however, onl.y comprise 

a sma ll fraction of the appli~d K. 

Rainfall ana lyse s incl.icatcd th~t t::>t c.l dt:ainage water l os ses 

from dr a ined pas tures •,1cre l ike ly to be l a r gely offset by K r eceived 

in the· rain in 1977. 

A compari s on be t we en me8sured drainage wa ter lo s s es and r eported 

los:;es associa t ed u i t h g·L·az ing c1 nim:11s (e.g. 611 kg K ha- 1 on high 

proJucing dairy farms (New Zealand Da iry Exporter, July 1978); 45 kg 

K ha-· 1 on shee:p f 2.rms (D ttr ing, 1972)) indica tes that surface runoff 

and leaching were unirr.1)ort.1nt K loss mechanisms within the soil· ·plant­

animal cycl e . Results indicate tha t the occurrence of pasture K 

deficiencies on K retentive yellow-grey earth soils is not attribu~able 

to dra inage wa ter losses. 



CHAPTER V CONCLUSIONS 

This study has shown that surface and subsurface drail~age are 

important Sloss mechanisms i n the Tokomaru silt loam , a low S0 4 -S 

retentive yellow-grP.y earth soil. 

Subsurface drainage losses from grazed pastures f er tili sed in 

spring (average 11 kg ta- 1
) were lj~ely to comprise an appreciable 

fraction of the total losses occurring from the soil-plant-animal 

cycle . The applicacicn of superphosphate Sin la t e autumn resulted 

in the loss of an ~ppr(:c iable fr.:ic:tion (l0,!1% or 4. 5 kg S ha - 1 ) of 

this ferti l iser S (/13 l:g ha- 1 ) in the tile drain.'.lge water . 

Fertil:i ser S lost f:r0r.1 the m.:1jor pl&r:t S uptake zone (0-20 cm) was 

considerably greacer . 

The significance of s urface runoff as a loss mechani sm depends 

on the netho<l of urainage and fert:!.liser practices . Sm.-face runoff 

was not an import.:int S depleting pro~ess 

(i) al dr3ined or undrained, gently sloping sites if fertiliser 

S was applied in spring, or 

(ii) at drained s ites if fertiliser S was a pplied in autumn . 
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Hcwever, autumn applied fertilisc:r S (solution and solid super­

phosphntc S) losses i~re significant (~ 8%). Surface runoff is likely 

to be an important drainage component in all the yellow-grey earth 

soils. As most of these soils arc un<lrRincd and superphosphate is 

frequently appli~d in autumu, thi$ loss mechanism will be :i.rnpor ;:ant. 

Total drainaGe water losses were lik~ly to comprise an 

appreciable: fraction of the total S losses occurring from the soil­

plar1t-animal cycle. However.> where superphosphate was applied in late 

spring, drainage water lc- sses from non-irri ga te.cl dra ined pastures were 

likely to be balanced by S received in the rain . Rainf~]l additions 

would not balance lo s8<2S [r 0111 irrigated pastures ferti.15.sed in. spring 

or pastures fertilis2d in late autumn . 

for ma,dmu:n effi.ci~ncy it w0uld be:: preferable to appl y s1Jper­

phosph~.te to weakly S8 4 - S retentive soils such as t he Tokomaru silt 



loam at times other than late autumn, winter or early spring. Under 

the condit ions likely to prevail at this time fertili ser S drainage 

water losses raay ccmpx:ise an appn1c:iable frac tion of the S applied . 

. Consideration should be given to applying elemental S when conditions 

favour leaching. 

Drainage water (surface and subsurface) losses of Kare low even 

when fertiliser K is applied at a time when conditions favour losses. 

Surface runoff is a more important loss mechanism than leaching but 

will only be of consequence when heavy rain inm1ediately follows 

fertilisation. 
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CHAPTER VI SUM}iARY 

A r eview of relevant literature showed tha t littl~ research had 

been undertaken on the magnitude of Sand K drainage wat er losses. 
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The principal aim of this study was, ther efore, to investiga te the 

extent of Sand K t!lovement in s urfac e and subsurfac e drainage waters 

in a yellow-grey earth soil . To evalua t e the possible s ignificance of 

these losses in inducing Sand K pas ture deficiencie s , rainfall Sand 

K additions were investigated . An att empt was made to pr edi ct Sand K 

los s es in tJ l e d rainage ,,,a t er s fr om soil S and K l evels. 

Dissolved Sand K s urface runoff l osses fr om unf crti l ised and 

fert i lised pas tures wer e measur ed at gently s l oping undrained (1976, 

1977), _and mol e a nd tile drained (]977) ~, it.es on the Toko'."'la r u silt loam . 

Dissol ved S0 4 -S tile dra inage waler l o~ses fr om four un~ cr tilised , 

and four S and K f crt i J :i.sed, pastures i -:1 1977 were m~asur e<l . 

unf ertilised a nd t wo f ertilised plots had been i r rigated each 

~-J. Wi:..1 

of the preceding f i v e years . Fer t i l iser S and K leachi ng wvs also 

monitor ed f r or.i. chang:i.ng soil l ev el s > d e t er mined a t 2-- 3 weel'.ly int erval s 

over t he autnmn- spri.ng interva l. 

Ra infa ll r eceived <luring th: i nt erval May 12 to Octobe"." 30> 1977 

w::i s a.na l ys"!d to ·evalua te U .k.e ly anriual S and K additions from this 

source. 

Subsurface dissolv ed S0 4 -S t ile dra inage wa ter losses from 

unfertilised, non-irr igat ed plots in 1977 averaged 7.50 kg ha- 1 

Unf ertilised plots irr i ga t ed the prec eding summer lost an add i tiona l 

6 7 k So S ha -· l ( f 4 2 l - l) • g 4 -. i. e . a tota l average o l • kg S0 4 -S 1a • 

The addit i on of superphosphate (43 kg S ha- 1
), after the tiJ e 

drainage season had begun, s i gni fic~ntly enhanced subsequent l eaching 

losses . Approximat ely 10% of t he ::ippl i ed S was leachecl in tile 

drainage waters before the drainage season concluded 17 weeks l a t:cr. 

In total 15. 2 kg S01i-S ha - 1 was discha r ged from the two non- i-£:rigated, 

fertilised plots in 1977. The t wo irri ga t ed, f ertilised plots lost, 
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on average t 18. 64 l~g S04-S ha- 1
• 

I n addition to the loss of 4 . 5 kg h.'.1- 1 fertiliser S in t ile 

drainage water , ano ther 13.S kg ha- 1 of t his applied S was r ecovered, 

15 weeks after fertllisa tion , as water soluble S04- S leach ed beyond 

the 20 cm d ept h (i . e . below the clepth from which plants a r e likel y t o 

obtain mos t of their S r equirements ). 

An appli.cz,t ion of 43 kg S ha- 1 in July nevertheless mair,tained 

the average S04-S content of the upper 20 cm of soil in spring, at a 

f airly high l evel (22.2 kg water s oluble S04- S ha- 1 ). Water soluble 

S04-S levels i n the unfert ilised plots in spring were considerably 

lower (average 7. 9 kg water soluble S0 4 -S ha- 1 0-20 cm) . 

Surface r unoff S04 - S l osses from gent ly s loping unfertilised , 

undrained and drained plot s were low. Only 0.9 kg S0 4-S ha- 1 was 

discharged from a n unfer tilised , undrained pasture over a per i od of 

s i x weeks in 1976 . Only 0. 2 kg ha- 1 was lost fr om a drained plot 

during this int 2rval. On 2.verage , 0 . 8 kg S0 4 -S ha- > was discha rg:~d in 

SLrrface runoff waters f r nm un~er t iliscd, undrained pastures throughou t 

a thre~ month interval i n 1977 . 

S fertilisation incrense<l S04 - S runoff l osses An appreciable 

fractfon (8:n of the S appllc<l '..n autumn 1Sli'6 W.'.lS lost £:-cm :lP 

undrained plot in sj x weeks . . ;-101 e anci tj J e drai:1:igc r £c1uceci tl,c 

f ertili s er S r unofi loss to c1 minir,-,al L:action (1. i'%) of the S applied. 

Unclrainc<l pacturcs, f ertil ised and grazed in 1977 (one 24 hour cattle 

gr~zin6 eveet) lo s t considerably mo:::-c SO~-S in sur fo.ce runoff (i.e. on 

ave:r.1gc , an :iciditional 7 . 2 kg S0 4-S ha- 1 ) than unfertilise::rl p] oti-; . 

Regression arniJ yses indicated that dir;solved SO~·-S co.-i.centrations 

in tile drainage waters , but not S0:. - S J.oed:l.ngs , were s ignif:icantly 

related to water soluble soil S0 4 -S l evels. It was concluded t ha t 

l osses may b e pr.cd icted wit hin a reasonable degree of accuracy from 

soil S0,1 -S l evel~, determined a t f r equcr.t intervals during the d:-a inage 

season , if the quantity of w~ ter percolating through the soil i s 

measured . 

A tota l of 3 . 1 kg S ha- 1 was r eceived in the rain over a 22 week 

interva l in 1977 . The r esults indicate th::it S received in the r ain 

throughout 1977 was l ikely l ar~ely to offse t drainage water losses from 

ci1e unfcrtilised , non-ir rigated rastures, A net loss of S from the 

unf er t ilised t in igated pastures and fertilised pasture was l ikely t o 

have occurred . Surfacf;! runoff losses from undrained, fe.rti l j_sed 
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pastures in 1977 were likely to be largely offset by S recejved in the 

r ain . 

From these results it was concluded _that S04-S l eaching i.s an 

important S depl eting process in the Tokomaru silt loam. Surface 

runoff is not a n important process unless undrained pastures are 

f ertilised in autumn or winter, when an appreciable fraction of the 

applied Smay be lost. 

Dissolved K tile drainage water losses from unf ertil:Lsed a.nd 

fertiliz ed grazed pastures in 1977 averaged 4 . 66 and 4.05 kg ha- 1 

r espec tive ly . Irrigation did not enhance K leaching . Potassium 

f ertiliser ( .:-5 kg ha- 1 ) did not influence measured water soluble and 

ammonium acetate extractable soil K levels and hence fertiliser K 

l eaching within the upper 60 cm could not be monj tored . 

Dissolved K sur face runoff losses f.:-om unf P.rtilised , undrained 

pastures on the Tokomaru silt loam in a six week winter interval in 

197 6: :ind throu~hout •,1int er in 1977, were low, av2rc>gir>g Li 1<.~ l,::i- 1 

and j. 35 kf, !la-· 1 respective!:, . Unfcrh lisPd, mo] e and Lile <l r2in<:; d 

runoff plots lost only 0 . 3 kg ha- 1 in 1976 . 

The :1dd:!..ti0'1 of po::ash fertili~:c.:r inc.rease<l K r unoff loss from 

both drained (1976) and undr.:i.incd (1 976 , 1977) ?lots. Fc~t:l.fisc c K 

J.os.;cs vo.ricd . A minin,al fcac Lio:1 (3 . U) of tlte K ::ip;ij_:cd ('iC ~·g K 

h.1- 1 ) to en undr.iincd plot jn 1976 Fas <lischarged in tt.~ s~r:f:ace 

runoif . Only 1 . 7% of the K applied was d i scharged frc~ a drained 

plot. In 1977 , gr~zing (one 24 houc cattle gr azing event ) and K 

fertilisation (55 kg K ha- 1
) enhancen runoff losses from ,.mdrained 

plots by, on average , 4.20 kg ha- 1 • Host of the fertiliser and 

excre tal K lost was transported downs lope in the fil:s t f ew runoff 

events follo~ing treatment , 

Only ~, 06 kg K ha- 1 was received in the n,:;~nfall o,·er a 22 we2k 

interval in 1977 . 

The r esults , therefore, indicate that K r eceived i'1 the rain in 

1977 was unlik<:ly to balance K drajn<lge wat~r losses from drained 

pastures . The small net loss resulting would deplete the soil K to a 

negligibl e extent . Surface runoff losses from the undrained. 

unfertiliscd pastures would be offset by rainfal l K additions . Runoff 

lo£ses frcm the undrained , fertilised pastures would not b ~ balanced 

by K received in the rain. 

From these findings it was concluded that the occurrence of K 



deficiencies 1n high producing pastures on K retentive yellow-grey 

earth soil is not attributable tc extensive K movement in surface and 

subsurface drainage waters. 

No relationship was found between t1easured water soluble or 

e.UE1onium acetate extractable soil K levels and leachate K ccncentra-· 

tions or loadings. 
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APPENDIX TABLE 1 Grazing dates and stocking rates 

Plot 

1 

2 

3 

4 

.5 

6 

7 

8 

Intervals when 
grazed from Hay 
to October incl. 

3/5 - 4/5 
1/6 - 3/6 
11/7 - 15/7 
10/8 - 12/8 
7/9 - 12/ 9 
30/9 - 4/10 

2/5 - 3/5 
25/5 - 2.7/5 
27/6 - 29/6 
8/8 - 10/8 
1 2 / 9 -· 11; / 9 

11/5 - 13/5 
22/6 - 24/6 
3/8 - 8/8 
4/9 - 7/9 
11/10 - 111/10 

23/5 - 25/5 
29/6 - 1/7 
3/8 - 8/8 
4/9 - 7/9 
8/ 10 - 1'1/ J 0 

Li/5 - 5/5 
7/6 - 9/6 
18/7 - 19/7 
21/7 - 25/7 
18/8 - 2Lr/8 
20/9 - 27/9 

5/5 - 6/5 
13/6 - 16/6 
J.5/7 - 18/7 
28/8 - 29/8 
28/9 - 30/9 

16/5 - 18/5 
4/7 - 8/7 

27/8 - 1/9 
1/9 - 2/9 
27/9 - 30/9 

J.8/5 - 20/5 
4/7 - 8/7 
27/8 - 2/9 
27/9 - 30/9 

Stocking rates 
store lambs/ha- 1 

592 
592 
280 
112 
160 
176 

592 
592 
592 
224 
336 

592 
592 

88 
192 
688 

592 
592 

72 
144 
208 

592 
592 
400 

96 
72 

144 

592 
592 
280 
192 
264 

592 
392 

72 
208 
304 

592 
240 
80 

304 
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APPENDIX TABLE 2 Wa t er solubl e SOi.-S l evels at various depth 
int ervals in each of the e i ght plots, at each 
sampling (pg/cm 3 soil). 

Plot 

Soil dep t h 
Date sampled 1 2 3 4 5 6 7 8 

(cm) 

May 0-10 8.7 2 11. 96 14.01 8.59 15.55 8 .90 10.57 8. 90 
18th 10-20 5 . 86 12. 61 7. 67 10 .00 10.90 13 . 20 13. 60 9.05 

20-40 7.98 13 .66 13.04 9 . 54 10. 89 13.97 12 . 60 10.03 
40-60 14. 50 16 ,Olf 8.60 15.02 19.85 10. 0 l; 13.77 18 . 63 

Nay 0-10 5.78 6.26 6 . 16 3 .81 5 . 38 4 . 74 6 . 94 10. 29 
31st 10- 20 6 . 55 6 . 30 5.88 2 , l.4 5.56 5 . 05 7. 31 4 . 66 

20-40 14.58 4.82 4 . 90 2 . 15 8.36 6.76 11. 03 5.25 
1+0-60 14. 58 9.33 10.58 2. 77 15 . 31 10.11 15 . 50 13. 88 

Jun:: 0-10 6 . 39 4 . 28 6 .10 5. 15 '-i .89 6 . 30 6 . 03 5.29 
24th 10--20 6.34 6 . 55 6 . 97 6 . 15 8.13 9 . 20 7 . 81 4. t.5 

20-40 8 . 86 8 . 82 ll •. 70 7.64 12 .82 10. 61 l l. 39 8 . 06 
i,0-60 14.21 8.20 12 . 15 15.71 16.82 16.C4 16 .80 14 . 47 

-------·----
July 0-iO i 0 . 50 6J . 40 23 . 37 6 . 34 5.64 33 . 43 21.00 5·. 27 
12th ~ 0- 20 3 .1 5 7. 60 6 .G3 3 . 34 l1 '07 9.01 11. 68 6.77 

20--l; 0 5 . 81 l 8 . l13 7. 67 3, l:5 6 . 39 r;. 4 7 10.91 9.56 
40- 60 8.76 16 . 69 11.91 6.69 16 . 98 ) 6 . 33 21. 71 11. 23 

------- --------
Aug . 0-iO 3 . L16 16.63 ]9 . 63 i1 • I.. 7 3 . 54 j8.28 20 .~ 4 3.:JS 
3rd 10- ZO 2.65 15.35 12 . 83 2 . 31 3. 69 l L. ;2 10 . 02 !1 . 03 

20-40 5 . 00 7 . 32 s. J.1 3.09 7. 35 13 . 01 9.85 5 .!;8 
40-60 15.56 9.28 11. 39 4. 94 11. 66 1.l • 39 15.76 13 . 25 

------- _______ .. ___ , 
Aug . 0-10 3.30 8 . 37 11. , 42 6.37 1.81 13.80 J0.35 2.97 
19th 10-20 2.58 1 i.40 22.59 l. 61 2. 56 11.50 9.1 4 4 . 10 

20-liO 6.84 9 . 53 16. 88 4. 48 5.39 7.94 8 . 28 5 .19 
40-60 12 . 96 8 . 21 11. .55 11 .55 13 . 12 11. 39 9.11l1 10 .% 

Aug. 0-10 6 . 26 12. 88 16.07 3 . 67 4 .56 14 . 36 11. 29 5 .11 
30th 10-20 2 .33 12. 81 21. 99 3 . I-. I 2. 52 15 .18 9 . 42 1.92 

20-40 3 .43 5.88 12.94 3.90 6. 76 11 .03 9.33 4.38 
l,0-60 10.66 8 . 42 9. 64 5.7 2 18 . 92 10 .98 10 . 82 8.99 

Sept. 0-10 5 .08 11.15 8 . 50 4.10 3.35 8.73 19.74 4.68 
27th 10-?.0 3.94 8 .13 9.42 1. 99 2 . .56 J 1. 66 14.09 2 . 90 

20-40 8 .13 13.16 13.82 4 . 8.5 5 . 51 13.60 12. 20 6.95 
!10-60 18.71 15.07 11. 91 7.13 J.3.01 16.36 15 .76 12. 20 

Oct. 0- 10 3 . 53 7 . 96 7.78 3.11 4.91 8.94 7. 88 2.84 
13th 10-20 3 ,li0 11.30 7.94 3.09 5 .48 10.42 12.07 5 . 23 

20-40 6.84 15.19 14.88 5.22 8.20 14 .96 11. 57 8. 57 
L10-60 11. 99 14. 86 15.10 13. 82 12.56 16.69 14. 58 17 .42 
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APPENDIX TABLE 3 Water soluble k levels at various depth intervals 
in each of the eight plots, at each sampling 
(µg/cm 3 soil). 

Plot 

Date 
Soil depth 1 2 3 4 5 6 7 8 sampled(cm) 

May 18th 0-10 39.4 70.0 32.8 54.9 53.7 32.7 3.5 38.3 
10-20 13.8 42.3 6.1 13. 9 15.3 10.0 6.1 8,1 
20-40 6.4 35.0 14.4 8.7 9.6 7.1 2.5 7.2 
40-60 9.8 15.0 i5.8 9.6 8.5 18.6 9.3 11.8 

May 31st 0-10 69.5 32.5 18 . .5 21. 9 44.9 17.8 20.8 31.2 
10-20 31.4 i2.6 12.8 11. 9 26.2 11. 6 11. 9 13.2 
20-40 19,6 lit. 1 14.2 9.0 22.2 14.9 20.3 20.4 
40-60 13.8 20.9 13.7 11. 6 25.4 14.5 5.1 J.6. 5 

June 24th 0-10 51.0 2 l1. 9 23.8 . 17.6 1,2. 9 15.2 7.1 15.5 
10-20 18.5 11.0 15.0 11. 9 23.1 10.3 5.4 10 .1 
20-40 l10. 3 15.2 2.8 .4 13.5 22.2 9.9 10.6 20.5 
i:0-60 22.6 19.6 17 . 2 13.8 13.9 16.0 4.8 21.4 

J uly 12th 0-10 24.0 67.G 15.5 13 .9 11. 5 3L: .O 12.8 25.6 
]0-20 12.5 21.5 5.2 10.3 4.G llt. 1 5.2 13. O· 
20-40 9.5 13. 8 7.2 12.5 10 .9 10.6 6.0 8. 2 
40- 60 6 .3 12.8 30.2 9. 4 15.9 11. 6 6.1 10.0 

Aug . 31·d 0-10 1/; . 2. 60 .2 28.2 12 . 8 16.2 lG.8 18 . 6 12. t'i 
10-20 10. 1 18. 6 15 .0 9.0 15.3 10 ., 3 3 .7 7.4 
20-40 16. 8 · 13.3 17.6 11. l 27. 5 17.7 l4.0 13.l 
40-60 ~4 .9 35.3 27 . 4 19 . 6 7.3 61. 9 23 .0 21.6 

Au g .19th 0--10 19. 8 13.5 2.0 . 8 25.5 11. 9 13.7 5. 8 11. 9 
10- 20 16 .3 14.2 9.6 15.9 8.7 8 .5 2.7 5.4 
20-40 17.1 9. 8 12. 0 13.6 10.6 9.0 6.6 5.3 
40-60 17 .1 12.2 15.9 16.2 6.6 7.2 10.2 10.5 

Aug.30th 0-10 21. 9 15.7 13.5 12 . 0 10.'f 1-5.4 6.0 6.1 
10-20 14.3 10.0 9.3 5. G 6.1 11.4 3.5 5.0 
20--40 14 . 1 8.2 10.7 10.6 12.3 11.8 6.7 9.1 
40-60 12.0 14.9 14.0 6.8 8.9 6.6 7.6 9.9 

Sept.27th 0-10 13.0 24.3 25.7 12.1 12.0 12.4 6.1 7.3 
10-20 7.5 18.7 12.8 10.2 7.7 9.4 3.7 5 .1 
20-40 8. 5 13.0 11. 1 10. 5 16 . 4 10.2 6 .1 8.0 
40-60 9. J_ 11.9 12.7 10.8 4.8 16.8 13. 7 4.0 

Oct.13th 0-·10 22 . 8 29 . 9 16.8 9 . 3 36.3 13.1 7.0 7 .6 
10-20 14.2 20.3 9.5 8.6 16.7 10.2 7.7 5.0 
:W-40 14 . 6 15.1 16 . 2 15 .5 19 . 7 11.5 11.4 11.4 
40-60 13.7 1+1. 5 11.3 17.3 19. 2 23.4 20.0 13.3 



99 

APPENDIX TABLE 4 Annnonium acetate k levels at var:tous depth intervals 
in each of the eight plots at each sampling 
< I J ·n µg cm s01.-, • 

Plot 

Date 
Soil depth 

1 2 3 4 5 6 7 8 sampled(cm) 

May 18th 0-10 225 431 224 309 295 213 49 204 
10-20 168 328 86 111 142 80 8l+ 83 
20-40 119 351 101 72 130 60 31 47 
40-60 110 201 105 53 110 57 45 20 

May 31st 0-10 340 193 146 203 258 120 147 197 
10-20 180 171 100 76 169 60 82 89 
20-40 i16 164 111 69 127 77 54 61 
40-60 87 101 87 60 69 52 31 21+ 

June 24th 0-10 387 2l14 24 J. 207 307 l/10 63 218 
10-20 207 136 157 113 2 J.l1 70 33 76 · 
20-40 178 125 121 85 175 69 32 59 
40-60 66 70 74 52 70 49 33 36 

July 12th 0-10 203 476 175 195 lli8 248 97 229 
10--20 151 246 73 83 79 142 50 133 
20-40 142 248 77 177 91 91 1+7 82 
40-60 86 83 67 90 69 79 32 31 

Aug.3rd 0-l.0 174 420 279 161 151 lliJ 177 164 
10-20 127 198 163 86 97 67 10 1 91 
20-40 129 15 7 137 64 89 60 107 68 
40-60 95 102 134 (~3 79 59 52 40 

Aug.19th 0-10 228 14 7 180 232 14ft ]20 .5 9 ] ' j,., 
. .JL 

10-20 161 108 95 16lf 101 :.,7 30 66 
20-li 0 131 95 87 137 89 65 55 44 
40-60 81 65 68 80 7 l+ 35 30 26 

Aug.30th 0-10 234 198 113 153 118 159 80 64 
10-20 191 118 69 79 95 118 67 50 
20- 40 204 138 71 85 90 83 78 37 
/10- 60 117 111 90 53 76 97 38 32 

Sept.27th 0-10 157 273 202 133 136 100 69 87 
10-20 116 214 125 124 91 77 38 69 
20-40 107 199 111 68 80 66 32 64 
40-60 98 112 72 71 76 4lf 22 37 

Oct.13th 0-10 231 270 149 114 271 121 7l 59 
10-·20 170 193 68 96 172 91 57 52 
20-40 126 126 80 85 114 71 55 38 
40-60 61 1.54 119 69 106 53 33 30 

ti ·sseY UMl'fERSfTY 
I" 
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