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Sulphur and phosphorus in balanced pasture nutrition
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Abstract

Clover-based pastures frequently require both
sulphur (S) and phosphorus (P) fertilisers for near-
maximum growth. Fertilisers with a wide range of
SP ratios are commercidly avalable. Selection of
fertilisers to provide well-balanced pasture nutrition
requires criteria to judge nutritional balance. In
the work described in this paper, the effects of
various combinations of S and P fertilisers on clover
growth and herbage chemica composition were
investigated in a field trid. There were large clover
dry matter responses to both nutrients and a large
positive interaction between them, emphasising
that balanced nutrition is essential for efficient use
of both nutrients. The ratio of S:P in clover herbage
appeared to be a useful indicator of nutritional
balance. For data combined over the experimentd
period (16 months), treatments more deficient in S
than in P had clover SP ratios less than 0.72 and
vice versa. However, because S fertiliser costs
much less than P fertiliser, a higher S:Pratio in
clover, approximately 0.76, corresponded to an
-economicaly optima baance of S:P in fertiliser.
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Introduction

Multiple nutrient deficiencies are common in New
Zedand pedures. In paticular, many pastures require
both sulphur (S) and phosphorus (P) fertiliser for near
maximum growth. Because fertilisr P is much more
codlythan fertiliser S, it is important that the potentid
benefit of expensve P feriliser is not redricted by S
deficiency. Fertilisrs with a wide range of SP raios
and nutrient release rates ae now generdly avalable
and widdy used For cos-effective fertiliser use the
fetiliser chosen for a paticular Stuation must ensure a
good balance of Sto Pin plants. Fertiliser recom-
mendation schemes use nutrient models and soil tests to
predict the requirement for individud nutrients but
there are no simple criteria for assessing whether
bdanced nutrition has been achieved. The objective of
the work preseted here was to examine the interaction
between 8§ and P fetilisrs on padure clover growth
and to evauate the use of SP ratios in plant tissue as an

index of S/P nutritional balance in pasture. A brief
report on ealy data from this work has been published
(Sinclair et al. 1994); this paper presents a fuller account.

Methods

A P by S factorid fertiliser trid was established on a
low fertility ste & Dipton in Southland. The soil wes a
Mataura St loam which is classfied as a recent dlwvid
s0il ( NZ Soil Bureau 1968), with mean annud rainfdl
of 800 mm. Over the five years prior to dtarting the trid
no ferdiliser was applied. The trid was fenced to exclude
grazing dock. After dte sdection, the area was Sprayed
in October 1992 with Roundup (3 I/ha) and Buster (7.5
I’a) to kill existing low fertility species. Six days later
it was direct drilled with ryegrass (Grasdands Nui, 23
kgha) and white clover (Grasdands Huia, 4 kgha).
Feriliser  trestments were  goplied in ealy  December
1992 dfter pedure edtablishment. Treatments were P (0,
10, 20, 40 and 80 kgha as monocdcium phosphete)
and S (0,7.5, 15 30 and 60 kg/ha as gypsum) in a full
factorid  desgn  with three replicates. Basd  trestments
included potassum chloride (100 kg/ha), copper chloride
(15 kg/ha), sodium molybdate (200 g/ha), sodium
tetraborate-(11.25 kg/ha), cdcined magneste (30 kg
ha), and zinc chloride (15 kgha). Diazinon (31ha)was
goplied in March 1993 to prevent possble grass grub or
porina atack. Fertilisrs were regpplied after 12 months.
P treaments were a the origind rae and S treatments
a hdf the origind rate

Padure was havesed during the period December
1992 to March 1994 with a rotay mower when yield
was 1000-2500 kg DM/ha. All dippings were removed
from the plots to encourage the rapid development of
reponses to S and P fertiliser. Herbage sub-samples on
aplotbasis were takenfor DM analysis and for dissection
into grass and clover components. Clover samples fromi
4 havess (February, Mach and December 1993 and
Mach 1994) were andysed for N, P and S

Results

Vey lage regponses in clover DM to both S and P
occurred throughout the trid period, and there was a
drong postive interaction between S and P (P<.001),
with responses to P being much enhanced by S, and
vice versa (Table 1). The largest responses were to P in
year 1 and to S both in year 2 and for years combined.




Table 1  Effects of rates of S and P fertilisers on clover DM

poduction  (tha) over the whole experimenta  period.
P (kg/ha) S (kg/ha)
11.3 22.5 4.5 90 Mean
[} 2.70 4.91 5.54 5.51 5.77 4.89
20 3.62 5.24 7.29 7.21 7.66 6.20
40 4.26 6.73 7.95 a.43 8.16 7.10
80 3.54 6.30 8.02 8.71 11.18 7.57
160 4.75 6.59 9.04 10.22 10.53 6.23
Mean 3.77 5.97 7.57 8.02 8.67 6.60
SED (treatments) 0.52
SED (Meany) 0.23

A repponee suface was fitted to the totd clover
DM data using a 2-variable Mitscherlich-related
equation (Sinclar et d. 1994):

DM (kg ha') = { a+b[t+s{x+1)'1]} {c+d[r+q(y+1)T*}
........ —)

where x and y were application rates of P and S fertiliser
repectivdly and the other parameters were  condants
sected to give a best fit to this data set. 95.7% of the
variation in total clover DM production over the
experimental  period was accounted for by this equation.

From the best-fit equation, regponse curves were
generated  relating clover DM production to  expenditure
on fertiliser applied at various S:P fertiliser ratios
(Figure 1). Codts of S and P in fertilisers were taken &s
$0.27/kg and $1.75/kg respectively, thee cods being
calculated from current prices of a range of S+P

Figure 2

are shown on curves.

Paiicted reldtionships of tofd clover DM yidds and clover SPrtios to
S/(S+P) in fertiliser a different levels of expenditure. Clover SP ratios

Figure 1 Effect of fetiliser 8:P ratio on the relationship of
modelled totl clover DM yield to expenditure on
fertiliser.
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fetilisrs. The fetilisr SP ratio gving the greatest
DM response depended on how much was being spent
on fertiliser. This relaionship was explored hy plotting
the yidd response for a given expenditure againg the
ratio 8:(S+P) in fertiliser (Figure 2).
At the lowest expenditure ($50/ha over
2 years), maximum response was
achieved with S/(S+P) = 0.71, i.e. §;P
2.5:1. With increasing expenditure

074 078

068

Bt
7F
Fertillger costhha
8 - $200
fse 3150
-a-§100
5 —a—-$50

the optimum fertiliser §:P ratio
declined and was cose to 10 1 when
the expenditure was $200/ha. Yidd
data for year 1, in which P gave the
larger response, produced a similar
pattern (not shown), i.e. ahighS:P
raio in fetiliser giving most response
a low expenditure and the optimum
a high expenditure being about 1: 1.
The S:P rdio in clover herbage,
meaned over the four chemically
andysed cuts, was ds0 modelled using
equation 1, which gave a best fit
accounting for 98.8% of the variation
in the ratio. S:P raios cdculaed from
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in Figure 2. With expenditure of $50/ha the §:P ratio
in clover at maximum yield was 0.88 and thisratio
declined to 0.74 with expenditure of $200/ha.

For each treatment, the maximum additiona yields
obtainable with more Pat the same rate of S, designated
the potential response to P, (PR[P]), and with more S
a the same rae of P, (PR[S]), were cdculated using
the besfit eguation for totd clover DM production.
The difference between PR[P] and PR[Y was plotted
agang the log of the mean S:P ratio in clover herbage
for that trestment (Figure 3). Log (S/P) = -0.14, ie §/
P = 072, gave the best separation between tregtments
with postive vaues for PR[P] - PR[S and those with
negative velues, i.e. between those more deficient in P
and those more deficient in S, (Actual mean
concentrations ranged from 0182% § and 0.274% P in
the control trestment to 0.266% § and 0.407% P in the
high S+P trestment)

Figure 3 Redionship of the diffeence between potentid  clover
responses to P and to § (PR{P}-PR{S}) and clover S:P
ratio. Trestments with 8/P>0.72 (i.e. log(S/P) >-0.14,
(otted ling) ae more deficient in P than in S and viee
versa.

to achieve maximum yieldsled Sinclair & Saunders
(1984) to suggest that an S fertiliser recommendetion
policy should be more generous than that used with P
and should be designed to admost eiminate § deficiency
while avoiding unnecessary application. Results
presented here strongly support that conclusion.
Economically, there is very little to be saved through a
miserly § fertiliser policy and much to be lost by
inadequate use of S (Figure 1). When both § and P ae
deficient a fertiliser with a high S:P ratio will give the
best clover response for a low expenditure. With
incresing expenditure, the optimum S:P fertiliser ratio
declines because, with § requirements well  supplied,
the best return for further expenditure comes from
meeing P requirements.

The relative § and P requirements of padtures differ
from paddock to paddock and cannot be precisely
predicted. Therefore it is important to be able to assess
whether current  fertiliser  policies are  providing § and
Pin the raio which gives best yied response for money
Sent. The ratio of S:P in clover herbage appeared to
be a useful index of economically well-balanced
nutrition. For the lowest expenditure on fertiliser
considered in Figure 2 ($50/ha), the clover herbage
S:P ratio for highest clover yiedd was 0.88; this optimum
ratio declined to 0.74 for the highest fertiliser
expenditure ($200/ha). Thus in a well-maintained
padure where both § and P fertiliser ae required, an
S:P ratio in clover herbage of close to 0.76 would
indicate an economically optimal ratio of 8:P in the
fertiliser
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Discussion

The results illustrate the importance of applying
afficient S to ensure that response to P fertiliser is not
limited by S deficiency. The low cost per kg of §
redive to P and the generdly lower quantities required

It is important to distinguish-between economicaly
optimal and physiologically balanced S:P ratiosin
dover herbage. The later may be defined as the ratio
corresponding to equd  deficiency of § and P, and is
determined by plotting PR[P] - PR[S] againg the S:P
ratio in the herbage (Sinclar e a. 1994) as in Figure
3. The difference between the physologicaly balanced
S:P raio (0.72), which appeared to be independent of
the level of fertilisgtion, and the economicdly optima
raio, which vaied from 0.74-088 depending on the
level Of fertilisation, -results-from-S- fertiliser being
vay much chegper than P fertiliser.

From the first analysed cut of this experiment,
Sinclair et a. (1994) derived avalue of 0.64 for the
physologically bdanced clover S:P ratio. This lower
vdue may reflect a high P requirement by young clover
plants Andyss of daa from the second seeson done
gave a vdue of 0.74, smilar to the over-dl vaue

Mogt other work on interpretation of clover herbage
analysis has focussed on defining concentrations of
individual elements necessary for near maximum
growth (McNaught 1970). However these critical
concentrations  can  vary condderably  with  environment
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and plant age (McNaught 1970, Sindlar & Jones 1991).
McNaught (1970) gave criticd ranges of S and P in
white clover as 0.25-0.30 and 0.30-040, respectively.
The raio of the means of these ranges (SP) is 0.79.
Snclar & Jones (1991) reported criticd  concentrations
of 0.32% Sand 0.43% Pin clover in alowland trial
and 016% S and 022% P in a high country trid. In
contrast to the large differencesin critical concen-
trations, the ratios of criticad concentrations (S:P) within
trids were very smilar, 0.74 and 0.73. Sinclar &Jones
(1991) derived aDRIS norm of 0.72 for S:Pratioin
clover. DRIS norms ae mean vaues from highyielding
fidld plots and ae consdered to be optima. Thus ealier
work, dthough not directly determining optima clover
SP ratios, generdly supports the vaues derived in the
present  work.

Herbage andyss is not an dternative to nutrient
modelling and soil testing for calculating fertiliser
requirements. Its role could be to determine the
effectiveness of current fertiliser programmes in
achieving optimad nutrient balance in pasiures and thus
provide the bass for ether confirming or modifying
feriliser policies. Because of its key role in providing
nitrogen, it is the clover component of pasture which
should be andysed, more research is required to define
optimum seeson and frequency of andyss

Conclusions

Serious production losses and inefficient use of P
fetilisr can result from inadequate agpplication of S
fetilisr on Sddficient padure. Since fertilisr P codts
about 6 times as much per kg as fetilisr S, SP ratios
in fertilisers should be high enough to virtudly eiminate
S deficiency. The SP ratio in clover herbage could be
a usful indicator of the adeguacy of current fertiliser
policiesto supply Sand P in economically optimal
rtios. An SP rdio of close to 0.76 in clover indicates
economically  well-bdanced  fertilisr use in  productive
pasiures requiring both S and P fertiliser.

ACKNOWLEDGEMENT

PD. Johndone for asistance with experimentd design
and datistical  anayss.

REFERENCES

McNaught, K.J. 1970. Diagnoss of minerd deficiencies
in grass-legume pastures by plant analysis.
Proceedings of the XI International Grassland
Congress: 334-338.

New Zedand Soil Bureau 1968, Generd Survey of the
Soils of South Idand, New Zedand. Soil Bureau
Bulletin 27. New Zedand Depatment of Scientific
and  Industrid  Ressarch.

Snclar, A.G; Jones, MB. 1991. Use of the diagnosis
and recommendation integrated sygem (DRIS) on
New Zealand clover-based pastures. In Soil and
Plant Testing for Nutrient Deficiencies and
Toxicities. (Eds. R.E. White and L.D. Currie)
Occasional Report No 5, Fertiliser and Lime
Ressarch  Centre, Massey  Universty,  Pdmerston
North: 304-3 17.

Sinclair, A.G.; Saunders, W.M.H. 1984. Sulphur. In
Fertiliser Recommendations for Pastures and Crops
in New Zzealand. (Eds. L.S. Cornforth and A.G.
Sinclair) Ministry of Agriculture and Fisheries,
Wellington, New Zedand: 15-17.

Sinclair, A.G.; Rik, W.H.; Smith,L.C.; Morrison, JD.;
Dodds, K.G. 1994. Determining optimum nutrient
raios in white clover. Transactions of the 15th
World Congress of Soil Science, Acapulco, Mexico,

July 10-16, 1994, 5b:154-155.
]




