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Fertiliser sulphur for North Canterbury pastures

C.C. BOSWELL
AgResearch, Invermay Agricultural Centre, PB 50034, Mosgiel

Abstract inputs are -2 kg S/halyear (Walker & Gregg 1975).
Although Close & Woods (1986) reported a rainfdl

Natural inputs of sulphur in North Canterbury are  input of 89 kg Sha on the Amuri Plains in 1980-81, it

restricted to I-2 kg of sulphur(S)/ha/year inrainfall.  probably included dust contaminants from the

On the limited area of irrigated land afurther 7kg  developing irrigation  scheme.

of S may be added in irigation water. These inputs North Canterbury irrigation water contains low

are inadequate to replace losses which occur levels of dissolved sulphate (e.g. the median

through leaching, removal in anima products, concentration from 12 monthly samplings a Mandamus

and excretal transfer, so fertiliser Sis essential to  (Hurunui River) in 1989 was 12 ppm sulphateS, DG

maintain farming systems. The choice of form of  Smith NIWA Ecosysems perscomm.). A high rae of

fertiliser varies from sulphate, to mixtures of application of 600 mm of irrigation water per year

sulphate and elemental S, to elemental S forms.  would give an addition of 7.2 kg of Shalyear.

Focus in this paper is on the forms which will be

effective in North Canterbury, other factorswhich ~ Losses of S

influence choice of fertilisers, and recommended

fertilisers for different farming situations. Mot losses of § from the ol are by take off in aimd
and plant produce excretd trandfer by grazing animds,

Keywords: elemental sulphur, fertiliser recom-  runoff and especidly  leaching.

mendations, rate constant, sulphur oxidation, Over a 38 year period losses of § from grazed
sulphur  superphosphate irmgated pastures a Winchmore which had recelved

either 188 or 376 kgsuperphosphate/ha/year (21 or 42
Introduction kg Shalyear) amounted to 48% and 73% of the fertiliser

S applied (Williams & Haynes 1992). After 35 yeas
-Sulphur-(S)-is-one-of-the-major-nutrient-deficiencies-in—=—net-annual-losses-of-S-from-the-same-pastures-(24-and
New Zedand soils (Walker & Gregg 1975). Fertilisr 43 kg Sha respectively) were dightly in exces of the
inputs of S ae needed in grazed padtures becaise lossess  totdl annud fertiliser § inputs (Nguyen & Goh 1992).
of slphate from the soil ae in excess of the low levdls  The losses were mainly by leaching, included in which
of naturd inputs of S to the system. was 70% of the urine § (Nguyen & Goh 1992). On

There are two chemical forms of § fertiliser  North Idand hill soils which, like the hill sils in North
available in New Zealand: sulphate and elemental  Canterbury, had low  Sretention  properties,  between
sulphur (8%. The sulphate form is readily available to  46% and 77% of the feriliser § (superphosphate) applied
plants while S0 is a dow-rdesse form. The choice of over 12 yearswas estimated to be lost by leaching
fooms for North Canterbury pestures depends on the  (Seggar et a.1990). As on irrigated land, these losses
sage of devdopment of the pedure, rainfdl, imigation,  include a component of loss through enima trandfer

types O soil, ad intensity of-farming. and concentration of § & urine spots, before  eventud
The purpose of this paper is to use research  loss by leaching.

information relevant to the region in order to identify In the North Canterbury region gresest leaching

the most suitable § fertilisersfor North Canterbury ~ losses occur on the irrigated plains. The North

pastures. Canterbury irrigation  schemes were designed to  supply

100 mm of water over the imigated area a retum times

Inputs of S of eout 16 days The amount of water hed by the

irrgated oils (available water holding capacity) varies
Naurd additions of § accrue from the weathering of  from 40 mm to over 100 mm. Therefore up to 60% of
the soil paent maerid, from the amosphere, and in  the water applied dong with its dissolved S, and any
irrigation water. The additions from weathering are  soil sulphate it picks up (especially from high
minimal; mogt of the sulphate rdleased is immediatdly  concentrations of S ~ eg dter fertiliser application at
lost by leaching (Syerset al. 1970; Walker & Gregg sy 2530 kg S/ha, or & urine spots where Nguyen &
1975). In inland North Canterbury typicd amospheric  Goh (1993) edimated S wes deposted a SO-100 kg/
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ha can be log from the system admost immediately
by leaching beyond the rooting zone of the pasture
plants. The mean measured drainage from five
representative sites on the Waiau scheme over a 2
year period was 600 mm or 50% of the 1200 mm
aoplied as irigation (Close & Woods 1986).

Typicd S losses in animd product (eg. 4.5kg wool
X 3.4%S + 30 kg lamb x 0.15%S + 60/5 kg ewe X
0.15%S) can be cdculaed as 022 kg S per dock unit
per year. This assumes 20% replacement of animals
pe yea. For intensve dary production smilar losses
per stock unit can be expected e.g. 1.8 kg S/cow or
024 kg S per dtock unit per year (7.5 su /oow).

Forms of S fertiliser

Sulphur  fertilisrs  available in New Zedand ae either
in sulphate or eementd sulphur (8% forms. Plants can
take up S only as sulphate; thus the Sin sulphate
fertilisersisimmediately available to plants on the
dissolution of the fertiliser. In contrast §° hasto be
oxidised to sulphate before it can be teken up by plants.
Single  superphosphate,  ammonium  sulphate  (sulphate
of ammonia), potassium sulphate and gypsum are
exanples of sulphate fetilisers,  Shentonite  fertilisers
(eg. Tiger-90), and screened agriculturd S (no longer
avalable commercidly) ae examples of dementd S
fertilisers.  The besttknown  S™-containing  fertilisers  dso
contain sulphate-S; they are mixtures of §° and
superphosphate  known as S superphosphates  containing
20, 28,33,40 or 50% S (Table 1). All ae manufactured
by spraying molten elementd S onto the acidulaing
phosphate rock during the manufacture of the
superphosphate.  The SO component is fully integrated
into the matrix of the superphosphate, isrelatively
findy divided, and the products are sfe.

The rae of oxidation of §° depends on the surface
area of the S particles available to be colonised by
oxidising micro-organisms in the soil. For rapid
oxidation very tine SO patides ae required. However,
very fine dry patides of S° ae difficult to hande and
apply asafertiliser, and most importantly are afire
and explosive hazard. Fine dry SO is thus impracticd
as a commercial fertiliser. Dry §° as screened
ayriculturd S, in which the digribution of fine particle
Szes was controlled by avigion safely dandards, wes
however ~avalable until 1992 50%S  superphosphate
has superceded screened agriculturd S in supplementing
the S content of fertiliser mixtures (e.g. with
diammonium phosphate(=DAP; 18%N, 20%P); reactive
phosphate rock (=RPR; 13%P) a slow release P
fertiliser; patidly acidulaed rock phosphate (=PAR;
| 0%P, 8%S); and ‘long lifé super, a product containing
readily avalable and dowly avalable P.

Table 1 $° paticle sze distribution in molten-mixed S
superphosphates manufactured in New Zealand and
analysed & Invermay (cumulative % of § in different
size ranges).

s fertiliser
molten-mixed
S-superphosphate products
Screened
Agricultural  20% 20%  33% 50%
S S-super S-super S-super S-super

Total-S % 100 20 26 33 50
50,-5% 10 9 8 6
§% 100 10 19 25 44
Size ranges
<2.0 mm 99 97 100 100 99
<1.0 mm 67 96 100 100 98
<500 ym 42 93 98 97 90
<250 pm 26 90 09 75 54,
<150 pm 17 77 65 59 22
<75 pm 9 36 29 37 7
<38 pm 3 15 12 17 !

Other S fertilisers avaladble in New Zedand include
imported Tiger 90 (a mixture of 90% S§® and bentonite
day in a prilled form, which when wetted disperses
and relesses the S%), naturd deposits of S in pumice in
the centrd North Idand, solid S° patides to specified
size ranges made from a molten S by-product of
petroleum  production, and ‘filter-ceke S a 60% S§° by-
product of  superphosphate  manufacture.

Availability of S from elemental S fertilisers

The avalability of sulphate from SO fertilisrs depends
on the rae of SO oxidation which depends primarily on
patide size of the §9 and soil temperature. The particle
sze didributions of S% in differet S superphosphates
measured & Invermay over a number of years are shown
in Table 1. Screened agricultural Sisincluded for
historical reference. Among the S superphosphate
mixtures, the general ruleis that as the 5° content
inreases the size of the S° paticles incresses (Table
1). Paticle sze digributions of S9 from other fertiliser
products avalable in New Zedand have been reported
by Boswel & Swamney (1986) and Boswel & Friesen
(1993).

Mean rates of §° oxidation vary with different
regiond soil temperatures (O-10 cm). Using the North
Canterbury region mean rate constant (a = 0.15;
Watkinson & Lee1994), the amount of $° of known
paticle sze which is oxidissd in a given time can be
cdculaed, and the suitability of different SO fertilisers
to soils in the region can be evaluated. This procedure
was followed to show the times calculated for the
oxidation of the SO in Tiger 90, 50%S superphosphate,




20%S superphosphate, and fine sulphur particles (75-
150 mm) (Figure 1). In fact the rate of oxidation varies
within aregion. Boswell et al.(1992) predicted large
differences'in raes between noth and south aspects of
North Canterbury hills, being more rapid on warmer
noth fading dopes Other SO oxidation experiments
conducted on North Centerbury foothill  soils  (Hurunui
and Gorge soils, Sinclair et q/,1985) confirmed the
requirement for paticles to be <150 mm for complete
oxidation to occur within a year of application.

Figure 1 Comparison of oxidetion rates of the eementd S in
different S fertilisers.

The . minor disadvantage in the yse- of §? as a
fetiliser is its acidifying effect on <oil. One kg of §°
hes an addifying effect which requires three kgs of
lime to neutralise (During 1984). The effect on il pH
is likdy to be grestet in poorly buffered soils (eg.
drylandioften  coarsetextured  soils  with  low  organic
matter contents), a high rates of S (>100 kg Sha) and
where oxidation of SO is rapid.

Factors affecting choice of S fertiliser

The choice of S fertilisers for any given pedure Stuation
is govened firg by the effectiveness of the fertilisers
and scondy cods The effectiveness of the fertiliser
depends on the immediacy of requirement of sulphae
the requirement for other nutrients and the need to
redrict leaching losses. The important cost consider-
dions are the relative cods of the S and other nutrients,
ad the concentration of nutrients which affect the codt
of ftrangport and epplication.

1. Avalability of sulphate

Immediate availability of sulphate is required a pasiure
edablishment because the seedling plants require the
nutrient in a chemicdly and physcaly accessble form
for the smdl root sysems Sulphate fertilises (eg.
superphosphate) should therefore be used. For
mantenance of edablished pasture SO fertilisers  supply
Qulphate a a rae beter lited to the requirements of
the perennid pesiure plants.
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The_oxidation _rates _for _S° .in_28%S, 33%S$, and
40%S  superphosphates  are  intermediate  between  those
shown for the 20%S and 50%S superphosphatesin
Figure 1. The time required to oxidise 80% of the S°
applied in 20%S super in North Canterbury is about 2
years while for 50%$ super it takes about 3 years.
Tiger 90 disperses into particles that ae too coase for
practicd  application in North  Canterbury.  However,
when Tiger 90 is used as the S source in aeria
application of dlurriesit is dispersed in water and
ground. The resulting S® partides are likely to be closer
to the partides 75- 150 mm than those from the dispersed
prills shown in Figure 1 and the S component of the
durry will be correspondingly more  effective.

2. Other nutrients:

Most North Canterbury pestures require S and P. S
requirements are greater in dry soils. Increasing
requirements for P redive to S follow the paten of
increasing rainfall and consequently greater soil
development, westhering and leaching. The relationship
of S and P requirements to soil groups is discussed
|ater.

Under low ranfdl (<800 mm), S is likely to be the
only deficiency in rendzina soils formed_on limestone.
Rendzines usudly have high naurd fertility especidly
P and K. Sulphur deficiencies result from rapid leaching
of alphae from the often shdlow (15-30 cm) topsoils
into the parent rock directly beneath. Table 2
aummarises the lage responses to 27 kgS/ha applied
to a rendzina soil @& Wahao Downs in South Canterbury
(O-75 mm depth, Olsen-P=40, sulphate-S=4 ppm); with
a 20year higory of an average 100 kg superphosphate/
halyear. The responses were to S alone. Overall
reponsss to three different forms of S fetilisr were
smilar, however, gypsum and 28%S  superphosphate
had gredter effects in the first year while the delayed
reponse to the Shentonite reflected the time required
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Table 2

Seasonal pasture dry matter accumulation in response to a single application (27 kg S/ha) of different S fertilisers on a

rendzina soil at Waihao Downs, South Canterbury (kg DM/ha).

Fertiliser D ey |11 71 1, B  986/87

Treatment Spring Summer Autumn Year Spring Summer Autumn Total
28% S-super 1620 a’ 2320 @ 2300 a 6350 a 3930 ab 1500 ab 660 ab 6090 ab
S-bentonite 1830 a 1510 b 2080 a 5580 a 4260 a 1900 a 990 a 7150 a
Gypsum 1870 @ 2280 2250 6540 a 3930 ab 1580 ab 680 ab 6190 a
Control (Nil S) 1570 1320 b 1200 b 4230 b 3460 b 1030 b 460 b 4950 b
SED 95.6 194.2 104.1 316.2 169.9 150.0 88.7 313.0

. Within ~ columns values with ~different letters differ significantly (P<0.05)

to oxidise the 8% The S-hentonite
contained 85%S°, was made hy the

Table3 Summay of § fertilisers suitable for different soil groups and land forms in
North Canterbury.

former DSIR, and on dispersion

rdeesed much finer patides of S Soil group

landform S fertiliser

than are found in Tiger 90 (Boswell
et (01.1983).

Recogniion of the importance
of P and N requirements additiona
to S brings a need for a brief
congderation of auitshle P and N
fertiliser forms for the region.
Phogphorus is mainly  supplied as
the P component of superphosphate
or S superphosphates. Where a high
concentration P fertiliser is required
(usually in mixtures with high
concentration S superphosphate)
DAP isfavoured for lower, drier

dry subhygrous YGE

YGE
YGE/YBE intergrade

lowland YBE
upland YBE

rendzina (on limestone)

plains: irrigated 20-28%$S superphosphates;

DAP 15%$ where N,S, P needed

dryland: pasiUre  20-50%S superphosphates
lucerne: superphosphate,
20-50%8 superphosphates
rolling hills
high P soils 50%S superphosphate
low P soils 20%$S superphosphate

low dry rolling hills 20-50%85 superphosphates

rolling hills superphosphate,

20%S superphosphate
wetter hills superphosphate
high country 20-28%S superphosphate,

RPR 12%S8,

soils and soils with high pH; while
RPR may be practical asamain-
tenance  fetilisr for  wetter (>800
mn rainfall) soils with pH < 55. The acid soil conditions
asg in the rate of chemicd dissolution of the RPR.
Similarly in mixtures with §° fertiliser the acidifying
efect of oxidisng S° incresses the rae of rdeae of
phosphate from the rock (Lee et d. 1987). Nitrogen is
required for specific gtuations eg. dairying on irrigated
soils, or on dryland soils where N benfits production
(early spring growth, given soil temperatures (& 10 cm
depth) above 9° C; or in autumn following a dry summer,
given ufficient rain to wet the topsoil). DAP is the
preferred N fettiliser because of its high P content and
its avallability in mixtures with 50%S superphosphate.

3. Restricting leaching losses and application
frequency:

In 0ils subject to leaching, dow rdesse S fertilisers

ae required to redrict sulphate losses. They ae best

qiited for mantenance fertiliser  applications.  Annud

goplications are required on irrigated oils. In the high

country dow reeese of sulphate over a 2-3 year period

can be talored to plant production needs through the
choice of fertiliser.

Patterns of S and P requirements with soil
groups

Sulphur isthe major deficiency in the subhygrous
yelow-grey eath ails in the 600-700 mm ranfdl zone,
including the central Amuri Plain and the low land
south of it. The exception is the irrigated area of the
plans where P requirements gpproach S requirements.
Progressively more P is required as soils change from
dry hygrous yellow-grey earths (700-800 mm), to
yellow-grey  yellow-brown  eath  intergrades, and  the
lowland  yellow-brown earths (800-1200 mm), to upland
yellow-brown earths (1200-2400 mm). Phosphorus  and
S requirements are Smilar in the lowland yellow-brown
eaths. If fetilisr P requirements ae grester than S
(eg. upland yellow brown eaths) then the comparatively
cheep S is generdly applied in excess of requirements
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eg. in 1. 1 S:P fetilisers such as superphosphate (9%P,
11%8), or in S superphosphates. A summary of §
fertilisers wuitable for the different soil groups and the
following land forms is shown in Table 3.

S fertilisers for irrigated plains

On the irrigated plains pastures ae highly productive,
irrgations frequent (eg. approximatdly 2 week cycles,
up to 6 times per season), soils are mogly shdlow,
plants shdlow-rooted, and thus leached sulphate can
be expected to quickly pass out of the pasture system.
Fertiliser is required a lesst annudly, probably more
frequently on dary pestures eg. following slage or
hay cuts, for drategic boosts in production a specific
times. On pastures developed for 3.5 years under
irrigation at Winchmore and under sheep grazing,
Superphosphate  adequatdly met  §  reguirements  when
qoplied a raes nesded to correct P deficiency (Nguyen
et al. 1983). On North Canterbury soils devel oped
under irrigation for about 10 years, additiond fertiliser
S in 20%S or 28%S superphosphate may be required
and is supplied a little extra cod. In dary pastures
thee may be times of feed shotage when there is a
role for N fertiliser in addition to a need for S and P
and dso potassum (K). Both P and N ae supplied in
high concentrations by DAP but this must be
supplemented by the use of a high concentration §
fetilisr (eg. 50%S superphosphate). Or, more simply,

supply-all-three-nutrients-in-DAR-13%S-or-DAR-15%S __ -would-also-be-effective-in

mixtures, or dl four in a combingtion N P K S fertiliser
(eg. Cropmaster 15). The mixtures with 50%$S
superphosphate have the advantage of restricting §
losses by leaching compared with sulphate forms,

S fertilisers for dryland plains

The dryland padures on the plans ae manly on dry
subhygrous  yellow-grey  eath  soils  over-lying  gravel.
Pesture type is more important on these soils than on
others in the aea With shdlow rooted grass-clover
pasiures maintenance § should be applied in a slow-
rdese form (eg. S superphosphates) to redtrict losses
by leaching beyond the narrow rooting zone and
fetiliser should be agpplied every |-2 years

Lucerne padure is capable of taking up sulphate
from the soil profile to adepth of >100 cm in these
soils. From dudies conducted & Omaama in North
Otago on smilaly shdlow oils overlying grave, and
under a similar rainfall of about 600 mm per year,
leaching through this depth is likely to teke 2-3 years
(Boswell & Swanney 1988). Under thee circumstances
Superphophate is likdy to be as dfective & slow-
rdesse S fetilisers,

Soils on limestone '

Two stuations are likely: drier soils which are high in
P and K require only S; and soils under higher rainfall
(1000-1200 mm) which have low available P and §
require both nutrients. For padiure mantenance a high
analysis slow-release § fertiliser e.g. 50%S$ super-
phosphate is required for the soils with high P content;
while for the soils with P deficiency 20%S or 28%S
superphosphates are most suitable. Superphosphate
should be applied a padure establishment.

S fertilisers for rolling hills

Pastures on ralling hills are generdly intensively grazed,
fetiliser  maintenance is probebly goplied annudly or
a least biennidly. Sow-rdease S fertilisers are suitable
for maintenance as is superphosphate, the choice
depends on the ratio of other nutrients required. At a
S:P of 1:1 superphosphate or, when N is required,
DAP 15%S ae the best dterndives.

Extensively grazed high country pastures

Mot of the high country is under a high rainfdl (>1600
mm) and is deficient in § and P. For pasture
maintenance a high analysis slow release fertiliser
containing both § and P is required. 20%S or 28%$S
superphosphates are most suitable. The RPR 12%S

thee padures especially &

recommended  application  frequencies of 2-3 years In
Stugtions of severe financid condraint the ue of a
high andyss § fetiliser (eg. 50%S superphosphate)
to meet padure S needs but only partially meet P needs,
may be a practicd short term remedy to correct the
more rapid losses of § from the system. Thisis not
recommended as a continuing long-term policy. At
pasture oversowing use superphosphate or 20%$
superphosphate at about 50 kg § /ha; this will be
afficent for 2 years (Mcintosh et al. 1985).
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