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Comparison of phosphate fertilisers in a grazed hill country pasture

A.D. Mackay

Grasdands  Divison, DSIR
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ABSTRACT A gazng trid evauaed the agronomic
effectiveness of 3 different types of phosphate (P)
fertilisrs. The same fertilisrs were dso evauated in a
smal-plot mowing trid located within the grazing trid.
In the grazing trid, which covered 35 ha of summer moigt
hill  country, the patialy acidulsted phosphate rock
(PAPR) and reactive phosphate rock (RPR) were as
effective a superphogphate in gimulding legume and
padure production in the fird year. In the second year
the two dow-rdeae maerids continued to peform as
well as SSP. In contrast in the mowing trial,
uperphosphate was more effective than RPR in the firgt
year. This trid technique clearly underestimates the initia
effectivness Of PAPR and RPR in grazed hill country.
The traditiond small-plot mowing trid technique, and the
roe of PAPR and RPR fetilisers in hill country, both

need  re-evaudion.
Keywords hill  country, superphosphate, dow  release
fertilisrs, mowing trids, grazed padture

INTRODUCTION

Mos phosphate (P) fertilisr used in New Zedand is
dill based on sngle superphosphate (SSP).  Tonnages
wld of a SSP. reactive phosphate rock (RPR) physica
mix, commercidly known as ‘longlifé or ‘longerlife
are increasing. The other partially processed or
acidulated phosphate fertiliser gaining increasing
make share is manufactured by patidly acidulating
a RPR with phosphoric acid. These are known
commercialy as PAPRs. Both these partialy
acidulated P fertilis's (SSP. RPR and PAPR) contain
goproximately  50% of totd P in a water-soluble form
and 50% in a dow-rdesse form. The direct application
of RPR, another alternative to SSP, is also gaining
increasing acceptance

Edablisned on fla dtes, smal-plot  mowing trids,
in which a proportion of the clippings are returned to
smulate animd returns, is the traditona and accepted
goproach  used to  evdude fertilisr maerids.  Present
thinking on the agronomic effectiveness of PAPR-
based fertilisers (Rgjan & Quin 1985; Rajan et al.
1987; Mackay & Wewala 1988) and RPR (Mackay
et al. 1984; Quin et al. 1987; Gregg et al. 1988) is
based on the findings of such trids. The limitations
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of small-plot mowing trials for evaluating fertilisers
for use in grazed hill country have long been
recognised, but are often ignored (Mackay & Syers
1985). Now that both patidly acidulaed and RPR ae
available, a complete investigation of their
effectiveness under grazing is warranted.

This dudy evaduates the agronomic effectiveness of
SSP, PAPR and RPR in a grazed pasture and compares
their effectiveness in grazed pasture with their
performance in a small-plot mowing trial.

MATERIALS AND METHODS
Location and ste description

The grazing trid a the Hill Country Research Station
of Gradands Divison, DSIR nexr Woodville, covered
3 ha of rolling and deep sedimentary soils  derived
from gltdones and sandstones with a low phosphate
refention (<30%), Olsen P of 115 mg/kg of il and
a pH of 52. Annua rainfdl is 1300 mm. The ste had
been in permanent pasture for 10 years and had
received moderate dressings of superphosphate over
that period.

Fertiliser materials

SSP, made from a Chrigmas Nauru Idand phosphate
rock mix, had atotal P of 9.1% of which 86% was
soluble in 2% citric acid.

PAPR, (commercidly known as ‘Hyphos) made by
the partial acidulation of North Carolina phosphate
rock (NCPR) with phosphoric acid, had atotal P of
15.8% of which 51% was water soluble.

RPR unground, as received ‘North Carolina
phosphate rock (NCPR)‘, had atotal P of 12.9 % of
which 32 % was soluble in 2 % citric acid.

Experimental design and treatments

Grazing trial The 3 P fertilisers (SSP, PAPR and
RPR) were gpplied a 35 kg Pha A control (no added
P) made up the 4 fetilisr trestments, each replicated
twice.

Mowing trial In each plot of the grazing tria a
traditiond mowing trid was established on a fla ste
{<59). Bach fettilisr (SSP, PAPR, RPR) was applied
at 35 kg P/ha.

Egablishment of grazing and mowing trials

Both the grazing and mowing trids were edtablished
in June 1987. All treatments were regpplied a the same
rate in December 1988.




Grazing trial The entire grazing tid was topdressed
with 30 kg S/ha as screened elemental S before the
3 P fetilisrs were applied. To ensure an even Spread,
the SSP, PAPR and NCPR were applied by helicopter
in 2 runs.

Mowing trial Fertilisers were applied by hand to
pretrimmed plots (2 m x 2.5 m).

Measurement of pasture and legume
production and P uptake

Grazing trial Pasture production was measured on
3 slope classes, flat (0~10°), moderate (11-25% and
seen ( >259), and 2 agpects, north west and north esst
in each fertiliser treatment, giving a total of 48
meesurement  Sites.  Pagiure  production & each dSte was
messured with excluson cages Legume content and
production were also measured at each harvest, as
were the P and N contents in a mixed pasture sample.
A totd of 7 haveds were taken in year one 6 in year
two.

Mowingtrial At each havest, which coincided with
ech haved of the grazing trid, pasure production
was assessed by cutting a 06 m x
1.7 m strip from each plot. Legume content and
production and P and N content and P and N uptake
by pedure respectivdy, were dso messured & each
harvest. Approximately 60% of clippings were
returned to each plot. Animals were excluded from
the mowing trials.

Soil sampling and analysis

Five soil samples to a depth of 75 mm were teken from
each frame site in the grazing trial and from each
mowing trid before fertilisr was applied in May 1987,
in March 1988 and 1989. After air drying, soil was
sieved through 2 mm and pH in water, and Olsen P
(Olsen ¢r al. 1954) and Bray P (Bray & Kurtz 1945)
were determined.

Statistical analysis

All daa were subjected to an andyss of vaiance, LD
values were used to compare treatment means.

RESULTS AND DISCUSSION
Comparison of mowing and grazing in year 1

Mowing trial Pasture response to applied P was
significant (P <0.01) in the firs havest, 10 week$ after
application. SSP increased pasture production much
more than RPR. Phosphorus uptake by pasture was
dso higher. This difference perssted throughout year
1 with annual pasture production from SSP greater
than that of the RPR (Figure 18). Thisfindingisin
agreement with the bulk of published mowing trial
studies (Quin e a. 1987) compaing the effectiveness
of these fertilisr materids in the year of goplication.
No diffemce in P uptske by pasture wes found between
the fertilisers in the first year (Figure 2a), despite
differences in initid harvests. Olsen P vdues in the
mowing trials averaged 22 mg/kg in March 1988
(Table 1).

Grazing trial Pasture and legume responses
(P <0.01) to applied fertiliser P were restricted to
moderate and steep slopes (Figure Ib) where Olsen
P values were 12 and 8 mg/kg, respectively (Table
1). Olsen P on the camp sites averaged 38 mg/kg at
the dat of the sudy in May 1987. No differences in
gther legume or totd pasiure production were found
between the 3 fertilisrs on the fla and moderate dopes
in year 1 (Figure Ib). On seep dopes PAPR and RPR
were more efecive than SSP. Even in initid harvess
of the first year, SSP was not superior to dther of these
dow-rdese fertilisrs  This finding is completdly &
odds with the concluson drawn from the mowing trid
in year 1, where SSP was superior to RPR (Figure 1a).

No differences in P uptake by pasture were found
between the 3 fertilisers on any one of the 3 slope
classs in yer one (Figure 2a). Both the PAPR and
RPR increesed N uptake by pasture on deep dopes
(Figure 2b), indirectly by increasng legume growth.
In the longterm the incressed N fixation should not
only improve the N economy of the padure on Seep
dopes, but dso the N economy of moderate doping
and flat areas as aresult of N transfer in dung and
urine.

Litle or no change in Olsen P vaues was found on
moderate and steep slope, 10 months after fertiliser

Table 1 Olsen and Bray P values (mg/kg of soil) from the grazing the mowing trial in March 1988 and 1989.

Fertiliser 1988 1989
treatment Mowing Grazing Mowing Grazing

Flat Mod. Steep Flat Mod. Steep
Control 19(31) 49(89) 12(14) 8011 1527 25(71) 6(13) 5(12)
S5P 1526)  34(42)  11(15)  709) 1630) 26(61)  11(16)  9(19)
PAPR 22(34)  63(77)  12(13) 9(14) 17(33)  40(94) 9(18) 8(15)
RPR 15(20) 40(61) 1417 7(12) 15(28) 20057y 11(21) 7(16)

Bray P vaues are in brackets.




application (Table 1). Soil pH did increase from 4.9
in May 1987 to 52 in Mach 1983. The Bray removed
more P than the Olsen test from dl stes, but did not
reflect the differences between fertilisers.

Comparison of mowing and grazing in year 2

Second  year production  represents  the  combined  effect
of the resdud pefomance of exh fetiliser aoplied
in June 1987 and the initial effectiveness of these
fertilisers re-applied in December 1988.

Mowing trial No pasture or legume response to
applied P was measured in the mowing trial in year
two (Figure 3g). The swad in the mowing trids has
changed from one of mixed ryegass (Lolium perenne
L.), browntop (Agrostis capillaris L.), sweet vernal
(Anthoxanthum oderatum), crested dogstail
(Cynosurus cristatus L.) with minor contributions from
cocksfoot (Dactylis glomerata) and Y orkshire fog
(Holcus lanatus L .), to asward in which cocksfoot,
Y orkshire fog and ryegrass are the dominant grass
species. Thee grass species ae favoured under lax,
infrequent cutting.
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Figure 1 Pasture and legume response to SSP, PAPR and RPR under (2) MOWiNg and (b) grazing in year 1. Verticd bars are

LSD vaues a the 5% level.
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Figure 2 Effect of SSP, PAPR and RPR on (a) phosphorus and (b) nitrogen uptake by pasture in the mowing and grazing trials.

Vertical bars are LSD values a the 5% level.
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Figure 3 Pasture and legume response to SSP, PAPR and RPR under () mowing and (b) grazing in year 2.

LSD values at the 5% level.

Grazing trial Pasture and legume response to
applied fertiliser P was significant (P<0.01) in year
2 (Figure 3). As in year 1 the regponse was redricted
to modeate and deep dopes No difference in  either
legume or padure production was found between the
3 fertilisars, dthough both the dow rdease fertilisers
again appear to be more effective than SSP on
moderate and steep slopes. Flat sites remained
unresponsive to al three fertilisers. The declinein
Olsn P vaues on the moderate and steep dopes of
the control paddocks from March 1988 to 1989 (Table
1) reflects the continuing response of the ste to added
fertiliser. All 3 fertilisers maintained Olsen P values
on these 2 slopes at March 1988 levels.

CONCLUSIONS

Both the PAPR and RPR were more effective as
phosphate fertilisers under grazing than might be
expected from other published dudies, which have dl
compared these two materids with SSP in  smal-plot
mowing trials. This field trial technique clearly
underestimates the effectiveness of the partially and
completdly unacidulated P fertilisers in hill  country.

The traditional small-plot mowing trial technique
and the role of PAPR and RPR fertilisers in hill
country both need re-evaluation.
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