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The use of synthetic P fertilisers such as superphosphate is not
permitted by regulation on organic farms.  The use of basic slag and
rock phosphate is permitted by regulation but the effects of the
application of these compounds on the soil and herbage
concentrations of phosphorus (P) on organic farms has not been
assessed.  Experiments were carried out from 1994 to 1997 on the
effect of basic slag and rock phosphate on the concentrations of P in
four different soil types and on herbage in organic grassland.
Superphosphate was included in some of the experiments as a
comparison.  The investigations showed that:

Superphosphate applied at equivalent rates of elemental P 
gave the largest initial increase in soil and herbage 
concentrations of P but was no more effective at raising the 
soil and herbage concentrations of this element than basic 
slag or rock phosphate in the long term.

The application of basic slag and rock phosphate gave 
increases in soil and herbage concentrations of P which 
were comparable to those obtained with superphosphate
but were more slow acting

Basic slag gave an increase in the concentration of P in an 
organic soil which was high in P (> 10 mg/kg) but gave only 
a slight increase of P in the herbage.

Basic slag gave an increase in soil P concentration in a 
range of soils and was more persistent in these soils than 
superphosphate.

Basic slag gave an increase in herbage yield which was 
equivalent to that given by superphosphate in a low P soil.

Rock phosphate gave a larger herbage yield increase in a 
low P soil than superphosphate or basic slag.

Rock phosphate is a more persistent source of P in low P 
soils than superphosphate or basic slag.

In soils with a high pH rock phosphate may be less effective as a
phosphatic fertilizer than superphosphate or basic 
slag.
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The following conclusions were made on a result of the field
experiments and pot experiments carried out with basic slag, rock
phosphate and superphosphate.

❶ Basic slag and rock phosphate compare favourably as  
sources of P with superphosphate and can be used on 
organic farms to increase the soil  P concentration when 
this is low and the deficiency affects grass and crop yields.  
Basic slag and rock phosphate can also be used on 
conventional farms on a substitute for superphosphate.  
The above results are in agreement with those of Mattingly 
(1968), Mattingly and Penny (1968), Hodges et al (1968), 
Gerritson (1967) and Fassbender and Muller (1969).  These 
investigations showed that basic slag and to a lesser 
extent, rock phosphate were as effective on a range of crops 
as was superphosphate.  The use of basic slag as a 
substitute for superphosphate involves the recycling of 
industrial waste or biproduct and contributes to world 
energy conservation.  It can therefore be considered to be 
an environmentally beneficial practice.

❷. In an organic soil which is high in P (> 10 mg/kg) the 
application of basic slag in a grass/clover sward at 100 kg 
and 200 kg/ha equivalent to 7.0 kg and 14.0 kg available 
elemental P increases the soil P concentration but does not 
increase the P concentration of the herbage.  In an organic 
soil which is low in P (2.3 - 3.5 mg/kg) the application of 
basic slag, rock phosphate and superphosphate at 
elemental P rates similar to above gives an increase in the 
soi l  and plant concentrations of  P.   Hodges et al  (1968) 
achieved similar results with these three ferti l isers on a 
fine sandy soil which was low in P in Florida.

❸ The soil concentrations of P are increased to a greater 
extent by the application of superphosphate than by the 
application of basic slag and rock phosphate at equivalent 
rates at first.  With the progression of time the P 
concentration of soil treated with superphosphate 
decreases at a more rapid rate compared with soils treated 
with basic slag and rock phosphate.  This shows that basic 
slag and rock phosphate have a greater residual effect than 
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superphosphate.  This greater residual effect is due to the 
slower rate of release of the P from the basic slag and the 
rock phosphate.  Hodges et al (1968) found that residual 
levels of P were higher in the soil following the application 
of basic slag and rock phosphate but that superphosphate 
gave equivalent production of beef on grassland compared 
to these two fertilisers when applied at equivalent rates.

❹ Rock phosphate applied at 7.0 kg and 14.0 kg P per 
hectare gave an increase in the percentage dry matter in 
the herbage of a grass/clover sward but did not give an 
increase in the dry matter yield when the herbage was 
yielded after seven weeks of growth.  Neither the basic slag 
or the superphosphate gave an increase in yield or the dry 
matter content during that period.  Rock phosphate gave 
an increase in the dry matter yield of herbage when the 
second harvest was taken from growth made over July and 
August.  Superphosphate at equivalent rates gave the 
lowest herbage dry matter yield.  The increased yield 
following the application of the rock phosphate was due to 
the larger residual effect of this fertiliser.  Several 
investigations which were carried out three decades ago 
comparing rock phosphate and basic slag with 
superphosphate have given similar results.  Hodges et al 
(1968) showed the residual P was found in a sandy soil 11 
years after the application of rock phosphate and beef 
production increased by up to 59 percent following 
treatment with basic slag and rock phosphate.  Mattingly 
and Penny (1968) found that grass grew less well and took 
up less P when treated with rock phosphate and basic slag 
compared with superphosphate during the first 12 weeks of 
growth but that over the whole season more P was taken 
up by rock phosphate and basic slag.  Smith (1968) also 
found that basic slag had good residual effect in the soil 
but rock phosphate did not compare favourably with other 
phosphatic fertilisers.

❺ The effectiveness on otherwise of rock phosphate and basic 
slag as sources of P in comparison with superphosphate is 
dependent largely on the pH of the soil.  The pH of the soil 
at the experimental site where a good response to rock 
phosphate was obtained was 6.3.  Investigations with 
phosphatic fertilisers carried out elsewhere show that 
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superphosphate gives a better response in soils with a high 
pH and basic slag and rock phosphate gives better results 
in acid soils.  Ofori (1968) showed that basic slag gave 
better results than superphosphate in acid clayey soils but 
was less effective in alkaline soils.  Devine et al (1968) 
showed that while superphosphate gave good results with 
oats and barley in a sandy soil with a pH of 7.1 basic slag 
was much less effective and rock phosphate was inert.  
These two latter fertilisers were much more effective in the 
more acid soils (pH 4.7 to 6.5).  On the other hand Stahlin 
(1968) found that superphosphate depressed grass yields 
in acid soils.  A review of the literature shows that 
superphosphate is most effective within a soil pH range of 
6.8 to 8.0.  Basic slag is most effective within a range of 5.5 
to 6.8 and rock phosphate is most effective at pH values 
below 6.5.There has been a reduction in the use of lime in 
agriculture in the past decade with an accompanying fall in 
the overall soil pH.  Under these circumstances basic slag 
and rock phosphate will be more useful as phosphatic 
fertilisers than heretofore.

❻ It was expected that some leaching of P would occur 
following the application of the three fertilisers especially in 
the more light textured soils. In the pot experiment the soil 
P was measured at the 0-5 cm and 5-10 cm levels in the 
pots for this reason.  This investigation showed that little or 
no movement of P occurred between these two levels over a 
period of 200 days in the case of superphosphate or basic 
slag.  Soil texture had no effect on leaching and there was 
no evidence of any greater P movement in the Screen loamy 
sand compared with the Rathangan clay loam. 
Investigations by Mattingly (1966) and Bolton and Coulter 
(1966) suggest that the reduction in soil P over time may be 
due at least in part to leaching of the P particularly in light 
textured soils. Mattingly found that in light sandy soil only 
7 per cent of the P from superphosphate was retained in 
the surface A horizon but 41 percent of the P from basic 
slag and 67 percent of the P from rock phosphate was 
retained in the A horizon.  Bolton and Coulter (1966) found 
similar results in a light textured forest soil.  Most of the P 
which was leached from the A horizon was retained in the 
B horizon and large scale leaching into water courses with 
the accompanying risk of environmental pollution did not 
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occur.  The evidence from the Johnstown trials show that 
the decrease over time in the soil P concentration is due to 
adsorption of the P on the clay fraction.  Leaching, even in 
the case of the Screen loamy sand is minimal and the risk 
of environmental pol lution is small .   On the other hand 
application of superphosphate in soils with a higher pH 
could result in leaching of P especially at higher rates of 
application.  Such a risk does not occur with basic slag and 
rock phosphate which release lower amounts of P at high 
soil pH values.

❼ The source of basic slag has an influence on the trace 
element and heavy metal content of this fertiliser.  Before 
basic slag is recommended for application on an organic 
farm the source of the slag should be checked and an 
analysis of the slag should be carried out to assess the 
concentrations of trace elements and heavy metals. 
Analysis of basic slag from different sources was carried 
out at Johnstown twenty years ago.  This showed that high 
concentrations of heavy metals were present in some 
samples from eastern Europe.  The elements present in 
addition to P were magnesium, manganese, fluorine, 
aluminium, iron, copper, cobalt, boron, chromium, 
vanadium and titanium.  Farrer (1968)  found that none of 
the trace elements or heavy metals in a similar slag had 
any affect on plant growth.  Routine application of basic 
slag containing heavy metals could result in the build up of 
such toxins in soil over time.  This in unlikely to occur in 
organic soils where occasional dressing are made but is 
more l ikely to occur in conventional soils where routine 
fertiliser applications are the normal practice.
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Organic agriculture has been expanding steadily in Ireland over the
past decade.  In 1994 the area under organic farming was 5500
hectares.  In 1977 this had increased to 18,309 hectares (Gibney
1997).  A survey of organic farms which was carried out in 1992
showed that many of these farms are set up on land which is low in
phosphorus (P) (MacNaeidhe 1992).  The organic standards do not
permit the use of synthetic P fertilisers on organic farms but the use
of basic slag and rock phosphate is permitted when the soil
concentrations of P is low (Anon 1991).  Before this investigation was
carried out there was no information on the effect of application of
these two materials on the soil and herbage concentrations of P.  The
purpose of this investigation was to assess the effects of basic slag
and rock phosphate applied at different rates on the soil and herbage
concentrations of P in organic soils.  Experiments were carried out in
the field and under glass from 1994 to 1997 on the effects of basic
slag and rock phosphate on the concentration of P in different soil
types and in herbage.  Many investigations have been carried out with
superphosphate over the past several decades and for this reason
superphosphate was included in some of the experiments as a
standard treatment.  

Two field trials and a pot experiment were carried out.  The field
experiments were carried out at the Johnstown Castle Organic
Experimental Farm.  In the field experiments the effect of application
of various sources of P on soil and herbage concentrations and on
residual P were assessed.  At both sites the soil type was a well
drained brown earth with a loam texture.  The site of the first field
experiment was used as a bull pen and the soil concentration of P
was high (>10 mg/kg) due to the deposition of high amounts of dung.
The site of the second experiment was selected due to the low soil
concentration of P.  A crop of hay was removed from the area before
the experiment was laid out and farmyard manure was not applied to
the area to replace the offtakes of P by the hay.
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Field Experiment 1
This experiment was carried out in 1994 and 1995.  Two rates of
basic slag, 100 kg/ha (7 kg P/ha) and 200 kg/ha (14 kg P/ha) were
applied in field plots 4m x 16m in area.  The experimental design was
a randomised block experiment with four replications.  Twenty soil
cores were removed to a depth of 10cm from each plot before the
treatments were applied and at intervals of 42, 74, 110 and 399 days
after treatment applications.  An analysis of available soil P was
carried out on each set of samples using Morgan's extracting solution
(Byrne 1979).  Herbage samples were taken in five 30cm x 30cm
quadrates thrown at random in the 2.0m central strip of each plot
before treatment application and at 41 days, 219 days, 332 days and
406 days after treatment application.  The concentrations of P in the
herbage were determined by colorimeter following digestion with
sulphuric acid.

Field Experiment 2
The second field experiment was installed in 1996 and continued in
1997. Different rates of P were applied using three sources of P.  The
three sources of P were basic slag, rock phosphate and
superphosphate.  Basic slag and superphosphate were applied at
three rates of P, i.e. 7.0 kg/ha, 14.0 kg/ha and 28.0 kg/ha.  Rock
phosphate was applied at 7.0 kg/ha and 14.0 kg/ha.  The treatments
were applied in 5m x 5m plots with a 1.0m discard.   The
experimental design was a completely randomised plot experiment
with five replications.  The soil and herbage in each plot was sampled
and analysed for P before and after treatment.  The site was mown
and all herbage removed on May 10

th

.  The fertilisers were applied on
May 15

th

.  The herbage was yielded in eight 30cm x 30cm quadrates
thrown at random in each plot on July 1st.  On August 28

th

the entire
plot was yielded using a Haldrop plot mower.  The dry matter yields of
grass and clover and the P concentrations in the soil and herbage of
each plot were measured.  The pH of the soil at this experimental site
was 6.2.
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Experiment 3 - Pots
In 1994 and 1995 the effect of application of basic slag and
superphosphate on the P concentrations in four soil types was
evaluated in pots in the glasshouse.

In the pot experiment two sources of P, basic slag (7% P) and
superphosphate (16% P) were applied in four soil types.  The soils
were air dried for one week in a glasshouse and passed through an
8mm diameter sieve to remove stones and other course material.
Cylindrical plastic pots of 20cm diameter were filled to 2.5cm of the
rim with each soil type.  The quantity of soil in each pot was 5.0 l.
The soils were brought to field capacity by the overhead application of
distilled water until water percolating on to the saucer remained at a
constant level of 0.5cm from the saucer rim for a period of 10
minutes.  The pots were then lifted from the saucers and placed on
gauze stands until all percolation onto absorbent paper placed
underneath had ceased for 5 minutes.  Each pot was then weighed
and the fertilizer treatments were applied.  Following application a
saucer was placed underneath and over the surface of the pot to
reduce moisture loss to a minimum.  Field capacity was restored at
four day intervals by adding the weight of water lost over the four day
period to the saucer underneath.  The basic slag and superphosphate
fertilisers were applied to the pot surface in 10g of dried silica sand.
The superphosphate granules were ground to a fine powder using a
mortar and pestle for uniform dispersal with the sand.  The basic slag
was applied at 0.32g per pot and the superphosphate was applied at
0.14g per pot.  These rates of application were equivalent to 7.0 kg
P/ha.  The four soil  types which were used were clay loam
(Rathangan series), loam (Johnstown series), loam (Clonroche series)
and loamy sand (Screen series) (Gardiner and Ryan 1964).

The soil from the Clonroche series had a higher percentage of sand
(45.6%) and was more free draining than the soil from the Johnstown
series (34.9%).  The latter soil was described as imperfectly drained
(MacNaeidhe et al, 1996).  The soils were sampled at intervals of 25,
50, 75, 100, 150 and 200 days and the available soil P concentrations
were assessed at depths of 0-5 cm and 5 - 10 cm within each pot.
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Five 1.0 x 5cm soil cores were removed from each pot for analysis.  A
factorial experimental design was used to assess the effect of basic
slag application on soil P concentrations in four soil types at two
depths.  The interactions between concentrations at different depths
in different soils and the interactions between the different sources of
P at different depths in different soils were also assessed.  Standard
analysis of variance methods were used to determine differences
between different treatment means at 0.5% and 0.1% probability
levels (Le Clerg et al 1996).  The P concentrations in the basic slag,
rock phosphate and superphosphate were 7.02 per cent, 14.5 per
cent and 16.0% respectively.  The extractable P concentration of the
basic slag was determined by extraction in 2 per cent citric acid.  The
P concentration of rock phosphate was determined by the formic acid
method and that of the superphosphate was determined by the
quinoline molybdate method (Byrne 1979).  

9
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No treatment - 10.3 10.3 10.0 10.3 10.5

Basic slag 100 kg/ha 7.0 10.3 11.8 10.0 10.3 11.3

Basic slag 200 kg/ha 14.0 10.3 13.0 11.0 10.5 11.3

S.E. (df=6) 1.000 0.382 0.553 0.276 0.640

Field Experiment 1
The first field experiment was carried out on a soil which was high in
P (Table 1).  The experimental site was used as an exercise area for a
bull and the concentration of P from the dung had build up over a
period of several years.  Application of basic slag at 7.0 kg/ha and
14.0 kg/ha gave an increase of 1.5 mg/kg and 2.7 mg/kg respectively
in the soil concentrations of available P 42 days after application.  The
soil concentrations decreased thereafter but a slight increase was
recorded after 399 days.  This increase may have been due to an
increase in soil moisture which occurred following rain in September
1995.  The increased soil moisture has the effect of making P more
soluble in the soil and this accounts for the higher P concentrations.
The application of the basic slag also gave an increase in the herbage
concentrations of P but this increase was small (Table 2).  Such a
small increase was expected due to the high soil concentration of P.
The P levels in the herbage at from 0.518 to 0.628 mg/kg were high.  

RESULTS AND DISCUSSION

Table1: The effect of application of basic slag on the soil
concentration of available P

Treatment

Soil P concentration (mg/kg)

Before
Application

Days after application

42 74 110 399

P applied

kg/ha

S.E.= Standard Error
df = degrees of freedom
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Field Experiment 2
The second field experiment was carried out at a site which had low
concentrations of available P (Morgan's extract).  The average
available P at the site was 2.74 mg/kg.  The effect of the three P
sources on herbage fresh weight, dry matter and percent dry matter
from the time of application on May 15

th

until the first harvest on July
1

st

is shown in Table 3.  The effect of the different treatment on the
total herbage fresh weight was small.  Superphosphate at 7.0 kg of
elemental P and rock phosphate at 28.0 kg of elemental P gave the
largest dry matter yield.  The dry matter yield was progressively
reduced with increasing rates of application of superphosphate.
Increasing rates of application of basic slag gave increased dry matter
yields.  There was little difference in the dry matter yield achieved
with the two rates of rock phosphate which were applied.  The
application of rock phosphate gave an increase in the percentage dry
matter of the herbage.

No treatment - 0.601 0.603 0.605 0.518 0.603

Basic slag 100 kg/ha 7.0 0.603 0.618 0.623 0.560 0.605

Basic slag 200 kg/ha 14.0 0.595 0.605 0.628 0.575 0.595

S.E. (df=6) 0.0079 0.0082 0.0025 0.0084 0.0089

Table 2: The effect of application of basic slag on the
concentrations of P in herbage

Soil P concentration (mg/kg)

Before
Application

Days after application

41 219 332 406

Treatment P applied

kg/ha
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The sward at the experimental site had a clover content of 23.2
percent (dry matter basis).  In order to assess the effect of the
different sources of P on grass and clover herbage, the grass and
clover in each sample from each treatment were separated and the
dry matter was assessed.  The distribution of the clover within the
experimental area was not uniform but occurred in patches with a
dense clover stand and in other patches which had fewer clover
plants.  For this reason it was not possible to detect any affects of the
rates of P or the different P sources on the clover yield.  For similar
reasons the dry matter yields of grass although not as severely
affected were also variable.  The percentage dry matter in the grass
was higher in the plots treated with rock phosphate than in those
treated with basic slag or superphosphate.  An increase in the
percentage dry matter of the clover was also recorded.

No treatment - 1083.5 242.1 22.40

Basic slag 100 kg/ha 7 1160.0 250.8 21.64

Basic slag 200 kg/ha 14 1268.6 276.5 21.50

Basic slag 400 kg/ha 28 1244.9 293.8 23.70

Rock Phosphate 48.4kg/ha 7 1140.5 281.9 24.58

Rock Phosphate 96.8kg/ha 14 1042.7 285.1 25.90

Superphosphate 43.6kg/ha 7 1281.5 293.7 22.58

Superphosphate 87.2kg/ha 14 1313.8 279.7 21.62

Superphosphate 174.4kg/ha 28 1295.5 242.1 23.00

S.E. (df=36) 109.3 23.82 0.853

Table 3: The effect of three sources of P on herbage yields (g/m2)
first harvest, 1/7/96.

Treatment P applied
kg/ha

Total Herbage
Fresh Weight

(g/m2)

Total Herbage
Dry matter

(g/m2)

Per Cent
Dry matter
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Table 4: The effect of three sources of P on grass and clover yields
(g/m2) first harvest, 1/7/96.

Table 5: The effect of three sources of P on herbage yields (g/m2)
second harvest, 28/8/96.

Treatment P applied
kg/ha

%  Dry matter

grass       clover

Dry matter (g/m2)

grass       clover

Treatment P applied
kg/ha

Total Herbage
Fresh weight

(g/m2)

Total Herbage
Dry matter

(g/m2)

Per cent
Dry matter 

-

7

14 

28 

7 

14 

7 

14 

28

-

7

14 

28 

7 

14 

7 

14 

28

844.6

884.8

1080.0

1019.8

1013.8

1022.4

917.0

928.8

1039.8

59.34

189.4

193.7

227.2

233.8

251.8

272.5

200.2

201.2

230.1

14.47

22.5

21.9

21.1

22.9

24.6

26.4

21.8

21.5

22.1

0.6745

No treatment

Basic slag 100 kg/ha

Basic slag 200 kg/ha

Basic slag 400 kg/ha

Rock Phosphate 48.4kg/ha

Rock Phosphate 96.8kg/ha

Superphosphate 43.6kg/ha

Superphosphate 87.2kg/ha

Superphosphate 174.4kg/ha

S.E. (df=36)

No treatment

Basic slag 100 kg/ha

Basic slag 200 kg/ha

Basic slag 400 kg/ha

Rock Phosphate 48.4kg/ha

Rock Phosphate 96.8kg/ha

Superphosphate 43.6kg/ha

Superphosphate 87.2kg/ha

Superphosphate 174.4kg/ha

S.E. (df=36)

1 8 9 . 4

167.9

205.5

202.3

201.2

233.5

228.1

195.8

208.7

23.0

52.7

82.9

71.0

91.5

80.7

51.6

65.6

83.9

89.3

20.5

23.9

24.0

23.4

25.0

27.1

28.3

24.1

23.5

25.0

0.83

16.2

17.5

17.6

20.2

20.1

22.2

17.2

19.3

19.4

1.28

The second harvest was taken after a period of 58 days of growth
(Table 5).  Several of the treatments gave an increase in the total
herbage fresh weight, total herbage dry matter and the percentage dry
matter in the herbage.
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Treatment P applied
kg/ha

Soil P concentration mg/kg (Morgan’s extract)
Before

Application
After Application

128 days 531 days

Basic slag at 200 kg/ha and superphosphate at 174.4 kg/ha gave the
largest fresh weight yields.  Rock phosphate at 48.4 kg/ha and 96.8
kg/ha gave the largest dry matter yields and the largest dry matter
percentage in the herbage.  The largest response to the application of
rock phosphate at the later part of the season is undoubtedly due to
the gradual release of P from this source and its accumulation in the
soil.  On the other hand much of the P in basic slag and
superphosphate is in the soluble form and was taken up by the
herbage in the earlier part of the season.  

The effect of the different sources of P on the available soil P
(Morgans' extract) is shown in Table 6.  

No treatment

Basic slag 100 kg/ha

Basic slag 200 kg/ha

Basic slag 400 kg/ha

Rock Phosphate 48.4kg/ha

Rock Phosphate 96.8kg/ha

Superphosphate 43.6kg/ha

Superphosphate 87.2kg/ha

Superphosphate 174.4kg/ha

S.E. (df=36)

-

7

14 

28 

7 

14 

7 

14 

28

2.10

1.94

2.20

3.22

2.32

3.36

3.34

2.98

3.58

0.5050

2.70

3.50

5.70

7.92

2.80

5.14

5.40

5.72

9.14

0.7770

2.84

2.44

2.70

4.70

2.90

5.68

4.24

4.64

5.82

0.7973

Table 6: The effect of different sources of P on the available soil P
in a grass/clover sward on an organic farm.
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Treatment P applied
kg/ha

Herbage P concentration (mg/kg)

Before
Application

Days After Application
35 days 77 days 121 days

The largest increase in the soil P concentrations occurred 128 days
after application.  Superphosphate at 174.4 kg/ha and basic slag at
400 kg/ha gave the largest increase at this stage.  The increase in soil
P following applications of basic slag at 200 kg/ha, rock phosphate at
96.8 kg/ha and superphosphate at 87.2 kg/ha were approximately
similar.  An application of 14 kg/ha of elemental P was applied with
each of these treatments.  These results show that at this rate of
application the response to the three sources is almost equal.  Soil
analysis carried out after 531 days shows that the available soil P
concentration had decreased in all cases except in the case of the
plots treated with rock phosphate at 96.8 kg/ha.  In this case a slight
increase was recorded.  This shows that the P supplied by rock
phosphate persists for longer in the soil.  Due to the less soluble
nature of this source of P the build up of elemental P following
application is slower initially but the P from this source persists for a
longer period due to the slower rate of release.

The effect of the application of the three sources of P on the
concentration of P in the herbage is shown in Table 7.  

Table 7: The effect of three sources of P on the P concentrations
in grass/clover herbage on an organic farm.

No treatment

Basic slag 100 kg/ha

Basic slag 200 kg/ha

Basic slag 400 kg/ha

Rock Phosphate 48.4kg/ha

Rock Phosphate 96.8kg/ha

Superphosphate 43.6kg/ha

Superphosphate 87.2kg/ha

Superphosphate 174.4kg/ha

S.E. (df=36)

-

7

14 

28 

7 

14 

7 

14 

28

0.34

0.28

0.33

0.35

0.28

0.33

0.32

0.32

0.34

0.0187

0.34

0.30

0.34

0.36

0.31

0.34

0.36

0.38

0.42

0.0341

0.37

0.35

0.38

0.42

0.34

0.41

0.43

0.45

0.48

0.0218

0.39

0.37

0.41

0.48

0.36

0.44

0.49

0.46

0.52
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TreatmentSoil

Series

P
Application 

(kg/ha)

Soil P concentration (mg/kg)

Before
Application

Days After Application

25 50 75 105 149 200

Basic slag 100 kg/ha

Superphosphate 43.6 kg/ha

Basic slag 100 kg/ha

Superphosphate 43.6 kg/ha

Basic slag 100 kg/ha

Superphosphate 43.6 kg/ha

Basic slag 100 kg/ha

Superphosphate 43.6 kg/ha

Screen

Clonroche

Johnstown

Rathangan

S.E.

(df =45)

7.0 

7.0

7.0 

7.0

7.0 

7.0

7.0 

7.0

10.8 

10.8

13.3 

13.3

2.0 

1.9

1.0 

1.0

0.2189

17.5

20.5

13.8

15.3

3.1

4.0

2.1

1.9

0.3446

18.8

22.1

13.9

13.9

3.3

3.6

1.6

2.1

0.3162

15.1

19.4

14.0

15.5

3.0

3.8

1.5

1.6

0.2576

14.1

14.6

13.5

13.8

2.3 

1.9

1.1

1.0

0.3511

12.4

12.8

13.6

13.5

2.9

2.3

1.0 

1.0

0.3556

12.0

12.1

13.4

13.0

2.4 

1.9

1.0

1.0

0.3318

The increases in herbage P which were recorded 35 days after
application were small.  As time went on the increases became larger
but at no stage were very large increases recorded.  The largest
increases were recorded 121 days after treatment application.  The
increases recorded were larger fol lowing the application of
superphosphate compared with basic slag and rock phosphate.

The effect of basic slag and superphosphate application on the P
concentration in four different soil types is shown in Table 8.

Table 8: The effect of basic slag and superphosphate on the P
concentration in four different soil types

The soil P concentration before treatment application was highest in
the Clonroche soil.  This loam soil was used for tillage for a number of
years and high applications of fertilisers were used during this time.
The loamy sand Screen soil was also used for cereals and had
received high applications of fertilisers during this time.  The
Johnstown and Rathangan series were more heavy textured soils
which were used for grazing and the soil P concentrations were lower.
The Screen loamy sand gave the largest increase in soil P following
the application of the basic slag and the superphosphate.  The P
concentration following the application of the superphosphate was
slightly higher compared with the basic slag for a period of 75 days



after application but there was no difference between the treatments
thereafter.  Some residual P was present in this soil type 200 days
after application of the P treatments.  The large increase in available
soil P following P application was expected in this light textured soil.
Application of P in the form of basic slag or superphosphate gave very
little increase in available P concentration in the Clonroche loam.  The
largest increase (2.2 mg/kg) was recorded 75 days after application of
superphosphate.  The application of basic slag gave a maximum
increase of 0.7 mg/kg in soil P concentration 75 days after treatment
application, but the residual effect of basic slag on P concentration
was greater than that of the superphosphate.  Basic slag and
superphosphate application gave only a slight increase in the P
concentration of the Johnstown loam.  The largest increase in the
case of the basic slag was 1.3 mg/kg.  This was recorded after 50
days.  The largest increase in the case of the superphosphate was 2.1
mg/kg which was recorded 25 days after application.  A small
amount of residual P was recorded in plots treated with basic slag
200 days after application.  No residual P was recorded in plots
treated with superphosphate 200 days after application.  The
Rathangan clay loam showed the least response to soil P application
giving a maximum increase of only 1.1 mg/kg in the case of both
treatments.  This soil had a high clay content and was a strongly
buffered soil so that a small increase in available P following
application was expected.  Due to the high clay content the applied P
was rapidly absorbed and no residual P was recorded 105 days after
the application of basic slag or superphosphate.  The soil
concentrations of P at the 0-5 cm depth and a the 5-10 cm depth in
the different soils types is shown in Table 9.  This table shows that
slightly more of the P was concentrated at the 0-5 cm level than at the
5-10 cm level.  There was no evidence to show that there was any
movement of the P from the 0-5 cm level to the 5-10 cm level during
the course of the experiment.  There was no evidence that movement
of the P in the Screen loamy sand was greater than in the Clonroche
and Johnstown loams or the Rathangan clay soil.  It was expected
that more movement of P would occur in the Screen loamy sand due
to the low clay content and the free draining nature of this soil.  
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The effect of the two sources of P, basic slag and superphosphate on
leaching of P from the 0-5 cm level to the 5-10 cm level is shown in
Table 10.  The table shows that although the soil P concentration was
higher in the soil following the application of the superphosphate there
was no evidence that the rate of leaching from the 0-5cm level to the
5-10cm level was greater in the case of the superphosphate compared
with the basic slag or that a large degree of leaching occurred at all.
These data show that reduction in the soil concentration of available P
over time was due to adsorption by the soil rather than to leaching of
the P.
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TextureSoil

Type

Sample
Depth
(cm)

Soil
pH

Soil P concentration (mg/kg)

Before
Treatment

Days After Application

25 50 75 105 149 200

Screen

Clonroche

Johnstown

Rathangan

S.E.

df =45

Loamy

sand

Loam

Loam

Clay loam 

0-5

5-10

0-5

5-10

0-5

5-10

0-5

5-10

6.8

6.3

6.7

6.6

6.9

6.8

6.7

6.8

11.0

10.5

13.5

13.1

2.1

1.8

1.0

1.0

0.2189

19.4

18.6

15.3

13.6

4.3

2.9

2.1

1.9

0.3446

21.4

19.5

14.9

12.9

3.9

3.0

1.9

1.9

0.3162

18.6

15.9

15.1

14.4

4.1

2.6

1.9

1.3

0.2576

14.4

14.4

13.9

13.4

2.5

1.6

1.1

1.0

0.3511

12.9

12.3

13.8

13.4

3.1

2.0

1.0

1.0

0.3556

12.5

11.6

13.3

13.1

2.5

1.8

1.0

1.0

0.3318

Treatment

Sample
depth 
(cm)

Soil P concentration (mg/kg) 

Before
Treatment 

Days After Application

25 50 75 105 149 200

Table 9: Effect of soil type on soil P concentration at different depths
in the soil profile.

Table 10: The effect of fertil iser P source on the soil P
concentration at different depths in the soil profile.

Basic slag 

100 kg/ha

Superphosphate

43.6 kg/ha

S.E. (df=45)

0-5

5-10

0-5

5-10

6.9

6.6

6.9

6.6

0.2189

9.4 

8.8

11.1 

9.8

0.3446

9.8 

8.9

11.2 

9.7

0.3162

9.1

7.8

10.8

9.3

0.2576

8.0 

7.5

7.9 

7.7

0.3511

7.8

7.1

7.6 

7.2

0.3556

7.4

6.9

7.2

6.8

0.3318
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