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SUMMARY

The land catchments of the North East Coast Drainage Division which is adjacent to the Great
Barrier Reef, occupy about 42 million hectares, about 20% larger than the continental shelf
which supports the reef.

Land use practices in these catchments depend on landform, climate, availability of irrigation,
soil types and the economics of adapting natural conditions to produce various horticultural and
agricultural crops. '

Most of the soils of the region, the exception being some recent alluvia, are naturally deficient
in the major elements, nitrogen, phosphorus and potassium. Addition of these has been
necessary for large-scale crop production, particularly sugarcane and fruit and vegetable crops.

Concern has been expressed that the movement of nutrients and eroded sediments from the
adjacent land presénts a serious threat to the complex ecosystem of the reef. Estimates indicate
that the current movement of some nutrients from the terrestrial to the marine environment may
be up to four times that which occurred pre-development. There is a need to quantify nutrient
transfers at the catchment level, so that management practices can be modified where necessary,
to prevent degradation of the reef environment.

The research program of the Great Barrier Reef Marine Park Authority includes investigations
on the effects of water quality on the reef ecosystem. As part of the overall studies, it was
considered worthwhile to obtain historical data on nutrient applications, particularly nitrogen
and phosphorus in fertilizers and stock feed supplements, for each of the river catchments
adjacent to the reef. This report covers 28 catchments, for the period from 1910, when the first
fertilizer applications were made in north Queensiand, to 1990.

The information provided relies heavily on fertilizer industry sources for details of the products
supplied at various times to agricultural areas. Data available from the Agricultural Census
were used as points of reference, as information at the local authority area level was not
published prior to the 1970-71 season. Australian Bureau of Statistics data needed to be
modified to allow for changing nutrient content of fertilizer products with time, and for
differences in the groups of products for which statistics were obtained. Prior to 1961-62, there
was no distinction between various fertilizer types; in that year, superphosphate was first
separated from other fertilizers.

Allocation of nutrient applications to catchments presented difficulties, as local authority areas
in Queensland rarely relate to boundaries of river catchments. As sugarcane production
constitutes the bulk of fertilizer usage (70% of the total nitrogen and 55% of the phosphorus in
1990), and since changes in nutrient use in that crop tend to reflect changes in fertilizer
products supplied, a detailed study of changes in the areas and production of sugarcane at the
catchment level was essential.

The report provides, for each catchment, a summary of major land uses and some details of
fertilizer use practices. The area, mean annual run-off and rainfall data are tabulated for each
catchment, as are historical usages of phosphorus and nitrogen. For 1990, tables are provided to
show the total quantities of the nutrients applied to the main groupings of crops and pastures,
the averages rates for the catchment and ratios of nutrient applications to mean annual run-off

volume.




The more significant statistics contained in the report include:

e The total area of the 28 catchments from the Daintree to the Mary River, is 38 million
hectares.

¢ Almost 83 000 tonnes of nitrogen were applied to crops and pastures and in stock feed
supplements in 1990. This was about the same as had been applied, cumulatively, up to

1945.

e Cumulative nitrogen applications in the period up to 1990 were about two million tonnes,
equivalent to 53 kg N/ha for the whole area adjacent to the reef.

e The intensity of nitrogen use varies considerably between catchments, with higher rates
where sugarcane production is the dominant land use, €.g. the Pioneer River catchment
averaged 37 kg N/ha in 1990.

o Sugarcane accounted for 71% of nitrogen use in 1990; this share had declined over the
survey period as the areas of other crops and improved pastures increased.

e FEleven basins with rain-grown sugarcane production as the major agricultural land use
accounted for 57% of the total nitrogen use in 1990 and 7.6% of the total land area.

e The six catchments in north Queensland where average annual run-off exceeds 50% of
rainfall occupy 2.6% of the total area and accounted for 20% of 1990 nitrogen use.

e Phosphorus applications to crops and pastures and for livestock supplementation were about
13 500 tonnes of phosphorus in 1990; about the same amount as had been applied,
cumulatively up to 1940.

e Cumulative phosphorus applications in the period to 1990 were about 400 000 tonnes of
phosphorus, equivalent to about 10 kg P/ha for the whole area.

e The area to which phosphorus fertilizer has been apphed represents 1.6% of the total land
area adjacent to the reef.

o The intensity of phosphorus use varies considerably between catchments, with the
Johnstone, Mossman and Pioneer receiving above 4 kg P/ha in 1990.

o Sugarcane accounted for 55% of phosphorus use in 1990; this share was much larger in
earlier years.

¢ Twelve of the basins, occupying 86% of the total area had average phosphorus application
rates of less than 1 kg/ha in 1990.

e The six north Queensland catchments where average annual run-off exceeds 50% of average
rainfall, occupying 2.6% of the total area, accounted for 25% of the total phosphorus applied

in 1990.




1. INTRODUCTION

The Great Barrier Reef, the world's longest coral reef, covers about 350 000 km’ off the north-
east coast of Australia. It extends for over 2000 kilometres from latitude 10°S, north of Cape
York, to latitude 25°S, east of Bundaberg. The reef follows the submerged coastline in the
shallow tropical seas of the continental shelf, at distances varying from 30 kilometres from the
coast in the northern section to over 200 kilometres at the Swain Reefs off Mackay,

There are over 2600 reefs, varying in size from less than one hectare to more than 100 km®, 300
coral cays and 60 continental islands. The reef has an abundance of marine species, including
over 4000 molluscs, 1500 fish, 400 hard and soft corals, thousands of species of sponges,
crustaceans, echinoderms, worms and other invertebrates. Six of the world's seven species of
sea turtle breed on the reef, humpback whales calve in reef waters and dugongs graze seagrass
beds along the coast. Two hundred and forty-two seabirds frequent the reef area.

The growth of the reef-building corals is affected by the freshness or turbidity of the water,
water depth, temperature (> 20°C) and nutrients. The temperature of the water is mediated by
the East Australian Current, a surface drift of warmer, less saline, more dilute, less dense
tropical water from the equatorial regions of the Pacific, down the east coast of Australia.

The east coast of Queensland spans 2200 kilometres, east of the Great Dividing Range, from
latitude 10°30'S at Cape York to 28°15°S at the New South Wales border. The total catchment
exclnding the islands is 447 655 km’; of this about 423 725 km® are adjacent to the Great
Barrier Reef, from the Jacky Jacky basin in the north to the Mary basin in the south. The land
area is thus 21% larger than the reef area.

The 42 million hectares of the North East Coast Drainage Division which abuts the Great
Barrier Reef are largely used for forestry and extensive pastoral, with 1.3 million hectares of
agricultural crops and 3.4 million hectares of improved pastures containing introduced sown
species.

Thirty-seven percent of the crop area and 3.3% of the sown pastures are fertilized - overall,
fertilizer is applied to 1.4% of the North East Coast Division (595 000 hectares).

The Division's river basins vary considerably in rainfall and topography. These are major
factors affecting land use, crops grown and fertilizer applications. There are also large
differences in the proportion of the rainfall which runs off the catchment, varying from 7% in
the Burnett and Fitzroy basins to 74% in the Tully River system. In each of the basins from the
Daintree to the Murray, excluding the Barron, 57% or more of the rainfall runs off, on average.

The actual proportion of the rainfall which runs off in any rainfall event or in any year is very
variable and depends on the quantity and intensity of rainfall, the topography and the density
and type of ground cover. The average annual volume of run-off is affected by the basin area.
The Burdekin basin has the third lowest run-off percentage (12%) but because of its large area,
it has the largest annual average run-off volume, over 10 million megalitres.

A combination of high run-off potential and high rates of fertilizer use provides an opportunity
for leaching, erosion of topsoil and hence nutrient losses from agricultural areas to streams and
rivers and eventually to the reef lagoon. This may impact on the growth of seagrass, algae, coral
and other marine organisms, especially if the nutrient balance is disturbed or the concentrations

increased.



The possible downstream f:ffects of agricultural practices on Great Barrier Reef ecosystems are
of particular concern to primary producers and marine scientists.

No attempt has been made to review the extensive literature relating to fertilizer use efficiency,
the mechanisms of nutrient transfer from terrestrial to marine ecosystems or to the impacts of
nutrients on reef ecosystems.

This report details historical inputs of nitrogen (N) and phosphorus (P) in fertilizer products
into the main basins adjacent to the Great Barrier Reef.




2. METHOD OF ALLOCATION OF NUTRIENTS TO BASINS

The only published information on fertilizer usage is that tabulated by the Bureau of Census
and Statistics (to 1972) and the Australian Bureau of Statistics (ABS) since, based on the
returns of primary producers.

Under 'The Statistical Returns Acts, 1896 to 1935' farmers and graziers were required to
complete Form AP23 entitled 'Agricultural, Dairying, and Pastoral Statistics'. This covered
information on land utilisation, employment, area and production of crops, fruit and vegetables,
machinery, livestock numbers and production, areas irrigated and areas fertilized and how much
fertilizer was applied, for the period ending 31 March each year.

2.1 Queensland Data

A tabulation in the author's possession, for the period 1915-16 to 1950-51, shows total crop
area grown, crop area fertilized, tons of artificial fertilizer and loads of natural fertilizer used in
Queensland in each year. The origin is unknown and the Bureau is unable to provide any
indication where the original data are held. An archival search was not considered by the
Australian Bureau of Statistics to be warranted.

2.2  Statistical Divisions

The Australian Bureau of Statistics has records of census data collected at the Shire level from
1938-39. In that year, a change was made from Petty Sessions Districts and Pastoral Districts to
Local Authority areas and Statistical Divisions based on them, for all production statistics
except Primary Production. The Australian Bureau of Statistics collected figures on fertilizer
usage from this period at local authority area level, but these were not published prior to 1970-
71 and are not available for inspection. Data at the divisional level have been published since
1951-52 as follows:

(1) 1951-52 to 1955-56: Statistics of the State of Queensland for the year..... Compiled from
official records. S. E. Solomon, Government Statistician. Part B - Production Section (i) -
Rural Production. Table 36. Fertilization and Irrigation of crops and pastures 19..... The
data cover 13 statistical divisions, with areas fertilized and total quantity of artificial
fertilizer used on sugarcane, vegetables, fruit, fodder, other crops and pastures.

(i) 1956-57 to 1960-61: Statistics of the State of Queensland for the year..... Part B -
Production. Section (i) - Rural Production. Issued ............. by S. R. Carver,
Commonwealth Statistician, compiled by S. E. Solomon, Deputy Commonwealth
Statistician and Government Statistician. Table 34/35/36 contained statistics similar to the
earlier period, except for 'wheat' being added to the list of crops in 1956-57 and 'other
cereals’ in 1958-59. K. M. Archer replaced S. R. Carver as Commonwealth Statistician in

. 1959-60.

(ii1) 1961-62 to 1963-64: Statistics of the State of Queensland for the year..... Part B -
Production. Section (i) - Rural Production. Archer/Solomon. Table 34. The 1961-62 data
included the first published figures for superphosphate usage (21 345 tons), with 'other or
mixed fertilizer used' (104 956 tons) shown separately, although this information had been
collected on earlier Agricultural, Dairying and Pastoral Statistics forms completed by
primary producers.

(iv) 1964-65: As above. Table 39. For the first time, a category 'Straight Nitrogenous Fertilizer
Used' was included (50 869 tons). v




(v) 1965-66 to 1968-69: As above. Table 39 was headed 'Fertilization of Crops and Pastures,
in Statistical Divisions'. The statistical bulletin for 1965-66 refers, for the first time, to the
Bureau of Census and Statistics, Queensland office, and introduces decimal currency. The
Government Statisticians were S. E. Solomon in 1966 and A. W. Mumme from 1967 to
1969, while J. P. O'Neill, as Acting Commonwealth Statistician, replaced K. M. Archer in
1967-68.

(vi) 1969-70 and 1970-71: As above. Table 39/40 was headed 'Fertilizer used on Crops and
Pastures in Statistical Divisions'. F. W. Sayer was Deputy Commonwealth Statistician and
Government Statistician.

(vii) 1971-72: As above. Table 41. The Bureau became the Australian Bureau of Statistics,
Queensland office. Lucerne was introduced as an additional crop and 'Other Pastures'
replaced 'Pastures’. Fodder (not included elsewhere) was excluded.

(viii)1972-73 and 1973-74: As above. Table 41. In the crop categories, '(including grapes)' was
added after 'Fruit' and 'Pasture: Lucerne: Other' was used to subdivide the pasture section.
'‘Other Crops' was added at the end of the list, having previously been included before
pastures. For the first time metric units were used, hectares and tonnes. O. M. May was
Acting Government Statistician in 1972-73 and Government Statistician for Queensland in
1973-74. No further publications in this format were issued.

2.3 Local Authority Areas

The first available fertilizer usage statistics in local authority areas were published in January
1972, for the 1970-71 season. Issued by the Bureau of Census and Statistics, Brisbane, as
publication Q7/72 and headed 'Artificial Fertilizer used on Rural Holdings, 1970-71 season,
Queensland', the bulletin provided the areas fertilized, the total tons of straight nitrogenous,
single strength superphosphate, double/triple strength superphosphate and other and mixed
fertilizer for each Shire, but not for each crop category (although total tons of fertilizer are
shown for each crop group). The superphosphate figure in (vi) above is the sum of the different
strength products, with no allowance for the different phosphorus contents in them.

Bulletin Q31/73 for the 1971-72 season provided similar information to the year before, except
that the types of fertilizer included superphosphate, urea, sulphate of ammonia, other
nitrogenous and other and mixtures. Again, only total tonnage figures were provided for crop
groups.

Q62/74 from the Australian Bureau of Statistics issued in May 1974 for the 1972-73 season
provided the same kinds of data as for the previous year, using metric units. Statistics for 1973-
74 were similarly presented.

From 1974-75 to 1978-79, fertilizer use statistics (areas fertilized and tonnes used) for each
local authority were provided for the following crop groupings: wheat, grain sorghum, other
cereals, sugarcane, fruit, vegetables, other crops, pasture-lucerne and pasture, other than
lucerne, with the fertilizer headings being superphosphate, urea, sulphate of ammonia, other
straight nitrogenous and other artificial including mixtures.

In 1979-80 and 1980-81, the Australian Bureau of Statistics collected fertilizer use information
only on sugarcane, wheat and pasture (native or sown), without total figures, and only for
superphosphate, straight nitrogenous and other artificial including mixtures.



In 1981-82, 1984-85 and 1987-88 the more detailed crop and product statistics as for 1978-79
were again collected, but only for sugarcane, wheat and pasture (as for 1980-81) in 1982-83,
1983-84, 1985-86, 1986-87 and 1988-89. Total areas fertilized and the tonnes of products
applied were provided in 1986-87 and 1988-89.

2.4 Using Australian Bureau of Statistics Data to Obtain Nutrient Usages

Assuming no major changes in agricultural practices, it is possible to make estimates of
fertilizer usage for 10-20 year periods prior to the publication of more detailed statistics, with a
reasonable degree of accuracy. These estimates require consideration of crop areas grown, and
the changing proportions of fertilizer on each crop and in each district.

Such estimates have limited value unless information is also available on changes in
composition of the various fertilizer groups, i.e. the proportions of the products making up each
group. For example, it is necessary to be able to estimate for say, 7-10 years prior to 1971-72
(when the first statistics on forms of nitrogen fertilizers were published/collected), what the
proportions of such fertilizers were in the category 'straight nitrogenous fertilizer' which
appeared first in the 1964-65 census. Similarly the usage of superphosphate in divisions in the
10 years prior to 1961-62 might be estimated from the figures for that year.

These estimates of the fertilizer products or groups of products might be extended from
divisions to local authority areas, using the earliest such data from 1971-72, in the same way.

The value of the results of such estimates and the calculations applied to them depends on the
accuracy of the original data. It is highly likely that census figures, in terms of areas fertilized
and tonnages used, became less accurate as the complexity of the tables on the form increased.

In more recent times, when direct comparisons can be made with fertilizer industry sales data
for the same geographic area, considerable differences are apparent.

Some of the differences can be attributed to the allocation of total fertilizer to the first column
of the table (which is for superphosphate). While this may explain why official statistics for
superphosphate applications greatly exceed sales in every year, it does not explain differences
in total tonnages applied. Because of the inherent difficulties in trying to make sense of the
Australian Bureau of Statistics data, an alternative method was sought. This was aimed directly
at river basins, rather than at local authorities, few of which have boundaries which contain
single basins.

Australian Bureau of Statistics data were considered to be more accurate in relation to the areas
fertilized, for each group of crops.

Primary producers have reliable estimates of the area of crops grown and, where these crops are
always fertilized, it is simple to record accurately the area fertilized on the census form. Crop
producers pay much attention to the calibration of fertilizer application machinery to obtain
desired rates of usage, providing a further check on areas and tonnages, but not products.

Assuming that the errors made by farmers completing their census forms are reasonably
consistent from year to year, changes in areas fertilized may reflect the major variations in total
nutrient usage better than changes in the tonnages applied. If these area changes are combined
with changes in the quantities in each of the product groups used, reasonable estimates of usage
can be made for each local authority area.




To provide a historical sequence of data on nutrient usage, it is necessary to have several points
of reference, over the period being considered, for which accurate information is available and
for comparison with calculations made using the Australian Bureau of Statistics data. Such
information can only come from within the fertilizer industry. None of this is published.

2.5 Fertilizer Industry Data

In compiling the tables of nitrogen and phosphorus usage in each basin, it was first necessary to

calculate or to estimate usage at the regional level. This was done in relation to:

(i)  local government authorities and statistical divisions;

(i) = sugar mill areas, which formed the original sales areas of the fertilizer companies; and

(iii) ~ sales districts of fertilizer companies, made up of sales by groups of individual dealers,
some of whose sales territory overlapped that of other dealers.

The information utilised included:

(1) 1949. Fertilizer materials required by North Queensland Fertilizers and Chemicals Ltd
(NQFC) for the Townsville and Cairns blending plants. Forecast sales of products
(superphosphate, ammonium sulphate and blended mixtures) for all suppliers for
Mossman, Cairns, Innisfail, Tully, Ingham and Ayr sales districts. Actual deliveries of
ammonium sulphate and mixtures to these districts for year ending February 1950.

(i1) 1950-51 to 1958-59. Sales by NQFC and estimates for other suppliers, of ammonium
sulphate, superphosphate, mixtures and other products for Mossman, Cairns (Hambledon-
Mulgrave), Babinda (from 1954), Innisfail, Tully, Ingham, Burdekin, Townsville and
Tablelands.

(111) 1959. District sales by NQFC of all products from March to September.

(iv) 1959-60 to 1966-67. NQFC sales of urea, ammonium sulphate, aqua ammonia,
superphosphate, potash and mixtures in the following districts; Atherton, Mareeba,
'Mossman-Hambledon-Mulgrave-Babinda-Innisfail, Tully, Ingham, Townsville and
Burdekin. Estimates of NQFC market share.

(v) Monthly sales by NQFC of mixtures and various straight products for Burdekin,
Tablelands and Ingham to Mossman, from February 1948 to September 1959.

(vi) 1968 to 1973. ACF & Shirleys sales of fertilizers for years ending September.
(vit) Estimates of sales by Austral Pacific Fertilizers Ltd for 1968 to 1971, by sales area.

(viil)October 1973 to June 1974. Nine months sales figures for ACF & Shirleys and ACF-
Austral.

(ix) 1969-70. Detailed market study of product and nutrient usage by crop segment in each
sales district for Mackay zone and north Queensland zone. All suppliers included in this

study.

(x) 1971 to 1992. Monthly sales of products for the Ingham-Mossman and Tablelands area.
All suppliers included in annual tabulations, based on imports and local production.

(x1)  1972. Estimates of nitrogen, phosphorus and potassium usage by crop segment for each
zone.




(xii) 1976 to 1991. Calendar year allocations of total sales of individual products, by all
suppliers, to crop segments, for every sales district in Queensland. Referred to as
'‘Segmentation data'.

(xiii) 1977 to 1990. Tabulation of quarterly and annual product and nutrient usage, areas
fertilized and rates of application of each nutrient for each crop for each sales area.

2.6 Drainage Basins

The drainage divisions of Queensland are depicted in figure 1. Those in Division 1 are east of
the Great Dividing Range. Mainland basins 108 to 138, from the Daintree (latitude 16°S) to the
Mary River (latitude 27°S) have been investigated for this study of fertilizer usage in
catchments adjacent to the Great Barrier Reef. Rainfall and run-off characteristics for each of
the 28 basins are shown in table 1. In the northern area, from the Murray to the Daintree, more
than half of the average rainfall runs off, as indicated by flow rates from stream gauging
stations.

In the central and southern areas, rainfall, run-off and the proportion of rainfall which runs off,
are much lower. In the main southern basins, the Burnett and Fitzroy, only 7% of the rainfall on
average, runs off.

2.7 Allocation of Nutrients to Basins

While several other macro- and micro-nutrients which are necessary for plant growth are
components of many fertilizer products, only nitrogen and phosphorus are considered in this
report. The procedure used to allocate historical usage of nutrients varied from basin to basin,
depending on the complexity of the agriculture in each, and on the availability of fertilizer use
information for the area. For some areas, e.g. Mulgrave-Russell and Proserpine, the local
authority area, sales district and river basins were similar. In others, particularly the smaller
basins, it was necessary to allocate proportions of nutrients from two or more sales areas or
shires to the basin. In most cases, allocation of nitrogen had to be treated differently to
phosphorus and separate calculations and allocations were made.

Most of the allocations were done on a crop basis, and then amalgamated. Unless this procedure
was adopted, nutrient figures did not reflect changes in crop area and rates of fertilizer usage
adequately. However since sugarcane constituted the bulk of the fertilizer usage in most river
basins (the exceptions being Barron, Waterpark, Fitzroy, Calliope, Boyne and Bumnett), changes
in nutrient usage are highly correlated with changes in sugarcane production methods.

Allocations of sales area data to catchments were confirmed in discussions with industry
personnel and by visits to most of the areas.

While the 1990 figures are likely to be the most accurate, it is believed that the earlier years
reflect the situation well enough.

The regional totals for nitrogen and phosphorus for the 1950 to 1990 period have high
accuracy; in the 1910 to 1950 period there are no statistics available to check against individual
areas of usage. The five-year intervals used to 1960 infer average data for the particular period,
rather than for the particular year.
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Division Basin Cacchment in km”
No. Name No. Name Mainland Islands
w Murmsy ae Border Rivess (d) 24630 QUEENSLAND
Dadine | 7| Moosie . b IRRIGATION AND WATER SUPPLY COMMISSION
422 Baloase - Condamine 124 500
I srvego 64700
an | et QUEENSLAND
259078
e || o o DRAINAGE DIVISIONS
003 | Conpen Crect e KILOMETRES
oo :T.TFM o 100 o 100__200 300 )
310670 ==
* :’i’_“_ " o :igii MATNLAND AREA OF QUEENSLAND - } 723 250 km2
(c) Eacludiag 92 195 kiv'ia Noaliem Temitory A4G-46079
(of) Lxcluding 16 315 ki’ in New South Walca
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