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Response to re-gpplication of phosphate fertilisers on hill pasture where fertiliser

had been withheld for seven years

SF. LEDGARD and GJ BRIER

AgResearch, Ruakura Agricultural Centre, PB 3123, Hamilton

Abstract

A field experiment at the AgResearch Te Kuiti
Research Area examined effects of re-application
of phosphorus (P) fertilisers on production and
composition of hill pastures (1520% slope) which
had received no P for 7 years. Treatments were 0,
20, 40 and 80 kg Pl/halyear as single super-
phosphate (SSP) or North Carolina reactive
phosphate rock (RPR). The soil was a yellow-
brown earth/yellow-brown loam intergrade with
Olsen P 9. Re-application of P produced a rapid
and large increase in pasture production of up to
42 and 61% in years 1 and 2, respectively, and
brought production up to 95% of that measured in
neighbouring regularly fertilised paddocks. The
pasture response to RPR was less (P<0.01) than
that to SSP in both years paticularly a the highest
rate. Thisindicated that RPR was less suitable for
capitd  gpplication. The P response was due admost
entirely to an increase in white clover growth, and
N, fixation was estimated to increase from 30 to
1§0 kg N/halyear. In year 2, there was an increase
in ryegrass content of pasture receiving the high P
rate and this was attributed to increased nitrogen
availability due to increased N, fixation.
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Introduction

During the past decade feriliser use on hill country
has declined consderably and the soil phosphorus (P)
status is generally low (Ledgard et al. 1991). Long-
tem grazing studies showed that withholding P fertiliser
decreased pesture and anima  production by up to 30%
over 4-7 years (Lambert €t gl. 1990; O’Connor €t al.
1990). In these dudies there was a decline in white
clover (e.g., Figure |a) and ryegrass content in the
pastures and an incresse in browntop (eg., Figure [b),
weed and moss content. This deterioration in pasture
species composition may restrict the ability of the
pastures to respond to P. The am of this experiment
was to determine the effects of re-application of P
fertilisers on pasture production and compostion using
a padure where fertilisr hed been withhdd for 7 years

Figure 1 Effect of withholding (0) or maintaining (@) fertiliser
(superphosphate at 0 or 250 kg/halyear) on (a) white
cdover and (b) browntop content of hill pesture
(©connor et al. 1990; Ledgard unpublished).
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The experiment was located within paddocks of a long-
tem P grazing trid a the AgResearch Te Kuiti Research
Area, decribed by O'Connor et al. (1990). Paddocks
had a weserly to southerly aspect.

Soil in the experimentd arees was a yellow-brown
eathlydlow-brown loam intergrade  with an  average P
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retention of 80% and pH of 57. Average annud rainfall
i51500 mm,

Treatments

Four representative paddocks were selected within
farmlets which hed received ether 0 or 250 kg/ha/year
of superphosphate (SSP) in the previous 7 years. Within
exch paddock, a uniform ste of 15-20° dope was fenced
off to excude grazing animas

In the regulaly fertilised paddocks, trestments were
0 and 20 kg Pfha as SSP and were replicated 4 times a
ech ste In the unfertilised paddocks, trestments were
0, 20, 40 and 80 kg P/halyear as SSP (220, 440 and
830 kghayear) or North Caolina reective phosphate
rock (RPR a 150, 300 and 600 kghalyear) and there
were 4 replicates. SSP contained 9.1% totd P, 81%
citric-soluble P and 7.6% water-soluble P, and RPR
contained 131% totd P and 4.0% citricsoluble P.

All plots (5 m x 1 m) received basd gpplications of
sulphate-sulphur, potessum  (K) and trace eements to
ensure that P was the only limiting nutrient. Sulphur
was re-gpplied a 6-monthly intervds (30 kg Sha) and
K a 3monthly intervas (50 kg K/ha).

A uniformity harvest was taken prior to application
of tresments on 23 May 1990 and tregments were re-
gplied one year |later.

Measurements
Pasture production was measured by regular  cutting
with a lavn mower and 50% of dlippings were returned.
In the unfertilised paddocks, pasture species compostion
was determined by botanicd separation of pagure from
ech plot & each havest. In the regulaly fertilised
paddocks, pasture species compostion was  determined
in astumn 1991 and in summer 1992

Soil samples were collected initidly and a the end
of the 2-year measurement period for andyss of Olsen P
by AgResearch Soil Fertility Service:

Results
Pasture production

Unfertilised paddocks
A rapid pasture response to re-gpplication of SSP was
evident a the first havest in lae winter, whereas there
was no repone to RPR by this havest (Figure 2).
After 1 vyear, there was a large response to SSP, which
increesed with increasing P rate and wes 42% a 80 kg M
ha In contrad, the patern of response to increasing
rade of RPR was flater than to SSP and the incresse in
yidd to RPR a 80 kg Pha was 16%.

In year 2, there was a similar pattern of response to
that in year 1 but it was larger, being up to 61% at
80 kg Pha as SSP (Figure 3). The redive response to

Figure 2 Effects of re-application of P fertilisers on pasture
poduction & the first haves and dter one yea. Bas
represent LSD (5%).
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Figure 3 Effects of re-application of P fertilisers on pasture
production in year 2. The bar represents LSD (5%).
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RPR increased in year 2 and the response to 80 kg P/ha
& RPR was 33%.

Regularly  fertilised  paddocks

At one haves in the first year, catle broke into plots
in one of the paddocks and therefore an annud yied
could not be caculated. However, based on dl daa
avalable thee wes no Sgnificat difference in  yield
between the 0 and 20 kg P/ha treatments. In year 2,
pasture production was 9535 and 10286 kg DM/ha (LSD
(5%) = 2050) for the 0 and 20 kg P/ha treatments

respectively.
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Pastur e species composition

Unfertilised paddocks

In yer 1, there was no Sgnificant effect of fertilissr on
the yidd of individud pasture species except for white
clover where there was a large response to P (Figure 44).
The reponse by white clover was dgnificantly (P<0.01)
lower for RPR than for SSP in hoth years (Figures 4a
and b). In year 2, there was no significant effect of
fertilisers on the yield of other species,, except for
ryegrass where there was an incresse & the highest rete
of SSP application (Figure 5).

Regularly fertilised paddocks

Padure gpecies compodtion was measured a  harvests
in atumn 1991 and summer 1992 and in both cases
theee was no dgnificant difference between the 0 and
20 kg Pha treatments. The most obvious difference in
composition between pastures in unfertilised and
regularly fertilised paddocks wes a higher (about 2- to
3-fold) proportion of ryegrass in the latter (Table 1).

Olsen P soil test

In atumn 1990 (prior to application of treatments), the
Olsen P il tedts averaged 9 and 14 in the unfertilised
and regulaly ferilised paddocks  respectively.

By autumn 1992, application of fertiliser had
dgnificantly increesed Olsen P tests in the unfertilised
paddocks (Table 2). On average the increase in Olsn P
from RPR gpplication was only 2% of the increase
from SSP  application.

Table 1 Padure species compostion (% by dry weight)

measured on 12 December 1992.

Ryegrass Srowntop Other White Weeds
grasses® clover

Unfertilised paddocks:

0P 8 5 4 13 29
20 kg Pha (SSP) 6 3 34 B 24
80 kg Pha (SSP) 11 4 27 43 15
LSD (5%) 6 2 18 6 14

Regularly fertilised paddocks:
0P 19 3 29 271 22
2 kg Pha (SSP) 26 1 25 27 21
LSD (5%) 16 4 17 10 10

V Anthoxanthum oderatum, Cynosurus cristatus, Holcus lanatus a n d
Pm species

Table2 EHfet of fetliser applicion on Olsn P il ted, two
years after commencing the experiment.
............ kg Plhafyear --eressers
0 20 40 80 LSD
(5%)
SSP 6.0 10.0 14.0 25.7 2.2
RPR 9.7 6.7 13.0

Figure 4 Effects of re-gpplication of P fertilisers on clover
poducion in (8 yer 1 ad () yer 2 Bas repesant

LD (5%).
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Discussion

During 7 years without P fertiliser, pasture production
had declined by about 30% and pasture species
composition deteriorated as evidenced by a large dedline
in white clover content (Figure la). Despite this species
deterioration, the padures showed a rgpid and large
reponse to regoplication of P fertiliser. By the second
year, padure production from the ‘capitd’ SSP trestment
(80 kg P/halyear) was 95% of that in the regularly
fetilised  paddocks

The repidity and sze of the pasiure response to P
re-gpplication  will depend on the previous fertiliser
history (base soil fertility status) and the extent of
pasture deterioration after withholding fertiliser.
Lambert e a. (1990) measured little response to P re-
aoplication on pastures with a poor P fertiliser history
and a much larger response on  neighbouring  pastures
with a better P history. Similarly, Edmeades ¢t a.
(1984) measured amuch slower increase in pasture
growth to P application on a reverted browntop-
dominant padture with a low legume content compared
with a pasture with manly white clover and ryegrass.
In our experiment, the unfertilised pastures had been
gazed @ a reaivdy high docking rae (11-14 ewed
ha) and this will have dowed the reverson to poot-
quaity species (Shesth e al. 1989).

The incresse in padure production with increasing
raie of SSP application showed a typicd diminishing
returns pattern (Figures 2 and 3). However, the
unfertilised paddocks were highly responsive, as  evident
from the 10% increase in production from 40 kg Pha
to 80 kg Plha as SSP in both years. In contrast, when P
was withhdd in the regulaly fertilised paddocks there
was no significant effect on production. Similarly,
Snclar e d. (1990) showed little initid response to P
fertilisr on regulaly fertilised pastures. Thus, the large
reponsess messured in the unferilised padiures  were
more comparable with those obtained in a pasture
devdlopment programme, given that the sward contained
reponsve species (eg., Nguyen e al. 1989).

The reponse to RPR was dgnificantly (P<0.01)
les than that to SSP (average reldtive response of 47
and 58% in yeas 1 and 2 repectively). In year 1, this
was mod evident & higher rates of application where
there was little extra response to RPR in contrast to the
increesing response from high rates of SSP. The latter
was do measured in a naiond series of P fertiliser
trids (Sinclar et al. 1990). This indicates that where
capitd  goplication of fertiliser is to be applied dter a
number of years without fertiliser, a soluble P form
(e.g., SSP) is most effective in providing a rapid
improvement  in  pasture  production.  However, where
svere reverson of pedure species has occured and a

dow improvement in pesture production and  Species
compostion is expected, the form of P fertiliser may be
unimportant (Lambert et d. 1990).

Virtually all of the response to P re-application
occurred from increased growth of white clover (by
over 3fold). This has important implications for inputs
of nitrogen (N) through symbiotic N, fixation. From
the ressrch of Ledgard et al. (1987) it can be edimated
that N, fixation by white clover in the 0 and 80 kg P/
halyear (SSP) trestments was approximatdly 30 and
130 kg N/halyear respectively in hoth yeas 1 and 2
This decrease in N inputs may be an important factor
dfecing the persstence of ryegrass which is a high
N-demanding species (Andrew & Johansen 1978).
Pastures in the unfertilised paddocks had a lower
ryegrass content than those in the regulaly fertilised
paddocks (eg, 8 v. 26% of dry weght respectively),
presumably reflecting reduced N inputs from N, fixation
due to less clover growth in the previous 7 years
(Figure 1a). The grazing experiments of Gillingham e
al. (1990) and Lambert et al. (1990) also showed
reduced ryegrass content in pasures where P fertiliser
had been withheld.

Re-application of P had no effect on ryegrass
production in year 1, but by year 2 an increase in
ryegrass growth was evident in the 80 kg P/ha
trestments.  This probebly reflected increased N, fixation
by white dover and the trander of fixed N to grases
via minedisdtion of N from senexed clover shoots
roots and nodules and from the pasture clippings
returned to smulate N recycling in excreta from grazing
animas. This ‘underground trandfer’ of N is a relaively
dow process, about 2-26% of legume N beng utilised
by grases within one year (Ledgad & Stede 1992).
Thus, the process of increasing ryegrass a the expense
of other ‘low-fertility-tolerant’ grasses, in conjunction
with good grazing management, is likely to take a
number of yeas.

Conclusions

Withholding P fertiliser from regularly topdressed hill
padures for 7 years decressed padure production by
dout 30% and caused reverson of pasure  Secies
with much less white clover and ryegrass. Re-goplication
of P produced a rapid and large response i pasture
production which was evident admogt entirdy through
an increse in white clover growth.

A capital application of 80 kg P/halyear as SSP
increesed totdl  production to nexr that from a regulaly
fertilised pagture within 2 yeas. RPR produced little
extra response in pasture growth at high rates of
goplication and appeared less sitable than  soluble P
(eg, SSP) for capitd application.

o _——
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The incressed white clover growth was edimated
to increase N, fixation from 30 to 130 kg N/halyear. In
year 2, there was some increase in ryegrass content in
pasture receiving the high P rate, probably due to
incressed N avallahility via gregter N, fixation.
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