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ABSTRACT 

The Wet Tropical Coast from Ingham to Cape Tribulation is utilised for sugar-cane, 
horticultural crops, tea, field crops, exotic pine plantations and cattle. A majority of the 
coastal lowlands are developed creating land use problems and competition for land. 
The expanding urban developments are also competing for lando 

This report on the Ingham area is a companion to other reports on the Wet 
Tropical Coast. It describes and catalogues the land resources of 319 456 hectares of 
land from 50 km south of Ingham to 40 km to the north. The resources are described 
in terms of climate, geology, geomorphology, hydrology, natural vegetation and soils. 
A total of 43 soils were identified and mapped, and cover 160 270 ha of coastal lowland. 
The ten dominant soils occupy 97 464 ha or 61% of the lowland. The remainder of the 
area incorporates mountains, rivers and swamps, mangroves, and towns. 

The resources were assessed to determine their suitability for growing sugar-cane, 
bananas, papaw, mango, lychee, citrus, avocado, rambutan, tea, vegetables, cucurbits, 
pineapples, maize, sorghum, sweet corn, soybean, peanut, sweet potato, rainfed rice, 
Pinus caribbaea and improved pastures. 

Each of the 1626 unique map areas identified during the study were individually 
assessed for their suitability for each crop using a land suitability classification scheme. 
The limitations examined were climate, water availability, soil nutrient supply, salinity, 
wetness, flooding, landscape complexity, soil physical condition, topography, rockiness 
and water erosion. 

The report identifies the areas of land suitable for agricultural development and 
the management needs of these lands for agricultural uses and the likely impact of other 
land uses on these lands. The guidelines are aimed at promoting improved productivity 
while avoiding degradation of the land resources. 

The information in this report will be useful to industry groups, land holders, 
local authorities and government departments who have a commitment to maintain the 
land in a highly productive state. 



1. INTRODUCTION 

This study began in t980 in response to land use concerns affecting the sugar industry. 
The main concerns were competition between forestry and sugar growing interests for 
land in state forests, expansion of cane growing onto marginal or unsuitable lands, the 
relative suitability and location of suitable lands, and the total cane growing potential 
of the district. 

Subsequent discussions with other industry groups and organisations established 
a need for information covering crops other than sugar-cane. 

The approaches adopted for the study were to compile a land resource inventory 
and then assess the suitability of these land resources for various agricultural uses. 

2. STUDY AREA DESCRIgrION 

The study area is located on the southern end of Queensland's wet tropical coast (Figure 
1). 

The coastline forms the eastern boundary from Rollingstone Creek in the south 
�9 to Damper Creek in the north. The southern boundary is Rollingstone Creek while the 
western boundary is the Seaview Range, approximately from the headwaters of 
Rollingstone Creek north to Mount Fox. From this point, the study boundary tends 
north and follows the ridge which separates the Stone River and Stoney Creek 
catchment to a point north of the Wallaman Falls National Park and from there, the 
boundary is due north. The northern boundary is a line drawn due west from Damper  
Creek. 

The southern boundary adjoins the Townsville Coastal Plain study (Murtha 1975) 
and the northern boundary adjoins the Cardwell-Tully study (Cannon et al. 1988). 

The study area is 317 979 ha of which 134 323 ha are mountains, 19 690 ha are 
mangroves and saltpans, 1361 ha are urban, 2322 ha are rivers, creeks and swamps. 

3. CI IMATE 

3.1 Introdu~don 

The study area is located at the southern end of the Wet Tropical Coast which normally 
experiences warm humid summers and mild dry winters. 
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3.2 Rainfall 

Monthly rainfall figures for Ingham are shown in Figure 2. Median annual rainfall (50 
percentile) varies from approximately 3000 mm at Mount Spec to 2275 mm at Ingham 
and less than 1600 mm in the Upper Stone River area. 
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Figure 2. Median monthly rainfall for Ingham. 

Approximately 74% of the mean annual rainfall occurs from December to March, 
decreasing to a minimum in the June to October period. Evaporation exceeds median 
rainfall from May to November (Bureau of Meteorology 1970). 

The considerable variation in rainfall regimes over short distances reflects 
changes in the height and orientation of the mountain ranges and the direction of the 

�9 coastlines with respect to the prevailing moist south-east winds. 
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The Seaview Range, Cardwell Range and Mount Spec receive higher rainfall than 
the coastal lowland. There is a rapid decrease in rainfall on the coastal plains south of 
the study area. 

3.3 Temperature 

Mean monthly maximum temperatures range from 32~ during the summer months to 
25~ during winter (Figure 3). Mean monthly minimum temperatures range from 23~ 
during summer to 13~ in winter, with July having the coolest average minimum. 

Frosts usually occur several times per annum with the most susceptible areas 
being the western part of the coastal lowland. 
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Figure 3. Mean daily maximum and minimum temperatures for Ingham. 
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3.4 Relative hnmidity 

Relative humidity has the same seasonal variability pattern as rainfall. The 9 mm mean 
relative humidity ranges from 83% in February to March, to 68% in October to 
November. 

4. GEOLOGY 

4.1 Introduction 

The geology of the Ingham area has been mapped and described by de Keyser et al. 
(1965). The geology in the survey area comprises: 

Quaternary alluvium and beach sands 
Cainozoic basalts 
Carboniferous granites 
Carboniferous acid volcanics 
Undifferentiated Palaeozoic quartzite. 

4.2 Geological formations 

4.2.1 Quaternary Alluvium and beach sands 

The alluvium (Qa) consists of clay, sandy clay, sand, gravel and some conglomerate and 
mangrove mud. The sediments reach a maximum thickness of more than 96 m in the 
Palm Cree area (Cox 1979). Sediments are probably interbedded because of oscillations 
of the sea level. The alluvial deposits, except the most recent ones, are commonly 
mottled and cemented. 

Beach sands (Qr) remain in strips and patches separated in many places from the 
present coast by swamps. Former strand-lines are still recognisable. 

4.2.2 Cainozoic basalts 

The basalt (Czb) is represented by recent flows from Mount Fox, an extinct but recent 
volcanic vent. Most of the flows occur west of the Seaview Range but one small flow 
occurs in the upper reaches of the Stone River. An older basalt occurs in the Herbert 
River gorge area, but outside the study area. 

4.2.3 Carboniferous granites 

The granites (Cgb) incorporate rocks of various compositions and textures which grade 
into one another. Many of the rocks are porphyritic. Large numbers of acid dykes 
occur with almost all tending north-west, parallel to the direction of the Patmerville fault 
which runs diagonally across the area. 
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The igneous rocks have a complex history of multi-phase emplacement. 

4.2.4 Carboniferous acid volcanics 

The Glen Gordon volcanic porphyritics (C1) comprise acid, as well as intermediate rock 
types. The rocks are generally massive and structureless. Most of the rhyolite types 
contain phenocrysts of quartz, potash feldspar and sodium rich plagioclase in a fine 
gra!ned matrix. 

The volcanic porphyritics are intruded by associated granites. 

4.2.5 Undifferentiated palaeozoic quartzite 

These sediments (Pz) crop o u t  in the Helens Hill area. They consist of massive impure 
quartzite: They are intruded by the Carboniferous granites. 

5. GEOMORPHOLOGY 

5.1 Introduction 

The survey area comprises seven landform patterns (McDonald et al. 1984). 

Mountains 
Hills 
Rises 
Alluvial fans 
Alluvial plains 
Beach ridge plains 
Tidal flats 

The alluvial plains have been subdivided depending on origin. 

A total of 43 soil types (see Appendix IV, V) have been identified and relevant 
soil types are included in the description of the landform patterns. 

5.2 Landform 

5.2.1 Mountains and hills 

Soil type: Cadillah. 

This landform pattern has low to very high relief (greater than 300 m) with gently 
inclined to precipitous slopes and fixed erosion stream channels. 

The Seaview and Cardwell mountain ranges surround the Ingham lowland. 
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The soils of this landform pattern have not been described in detail. According 
to Isbell and Murtha (1970), the main soils are red massive earths, red acid leached 
structured earths and lesser yellow mottled acid leached structured earths. 

Hillslopes are the dominant landform element. Cadillah soil type has been 
mapped in small areas on the gently inclined lower slopes of the hillslopes. 

5.2.2 Undulating rises 

Soil types: Fox, Yellarai, Couch 

This pattern has low relief (9 to 30 m) and very gentle to steep slopes. The Fox, 
Yellarai and Couch soil types have formed on a small basalt flow in the Upper Stone 
River area. The soils on the upper slopes are shallow and extremely rocky, while soils 
on the lower slopes are deep and stone free. 

5.2.3 Alluvial fans 

Soil types: Elliot, Hillview, Thorpe, Lugger, Arnot, Cudmore, Rungoo, Porter. 

This landform pattern is very gently inclined with low relief. The fans have 
formed from the wash of material from the hills and deposited at the base of these hills 
by channelled stream flow or sheet flow. The alluvial fans have coalesced to form a 
continuous apron fronting the hills. Slopes are generally concave with 6 to 8% on upper 
slopes and 1 to 2% on lower slopes. 

These pattern s have relatively short slopes in the southern part of the study area, 
increasing to relatively long slopes in the higher rainfall northern area. 

Soil variation is associated with lithology and position in the landscape. 

5.2.4 Alluvial plains - creek 

Soil types: Bluewater, Canoe, Lee, Ashton, Manor, Althaus, Lannercost, Ripple, Byabra, 
Yuruga, Senta. 

This landform pattern has formed from alluvia derived from the alluvial fans 
and the local hills and mountains and includes the landform elements : plain, levee, 
terrace and prior stream. The uniformity of the parent material in the survey area has 
resulted in similar soils occurring over a wide area. 

Bluewater, Canoe and Lee soils are loamy earth soils formed on the levees, 
terraces and prior streams of creeks draining the granitic and acid volcanic hills. 
Variation in morphology is associated with position in the landscape. 

Ashton soil is a sandy soil derived from infilled prior streams. 

The remaining soils are poorly drained soils containing fine gravel and are 
associated with level plains with few well defined drainage lines. 
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This landform pattern occurs adjacent to the river alluvial plains. 

5.2.5 Alluvial plains - river 

Soil types: Hawkins, Tinkle, Macknade, Herbert, Stone, Midway, Lucy, Trebonne, Palm, 
Abergowrie, Ingham, Toobanna, Orient, Catherina, Hamleigh, Molonga, Leach, 
Mandam, Brae. 

This landform pattern comprises the alluvia associated with the Herbert and 
Stone Rivers and their larger tributaries. The landform pattern contains landform 
elements such as channel benches, levees, plains, prior streams, scrolls, stream channels 
and swamps. 

The lower Herbert River alluvial plain forms an asymmetrical delta between the 
Cardwell Range to the north and the Seaview Range to the south. Hinchinbrook Island o 
restricts the deltaic area to the north. A strong south to north littoral drift exists which 
has swept material northwards from all former distributaries of the Herbert River. 

Numerous rock deposits in the lower delta suggest that deltaic deposits are 
shallow to the north of the present course of the Herbert River and also along the 
southern edge of the plain. Limited bore hole records confirm that, near Trebonne, the 
bedrock channel approximately coincides closely with the present river course. At 
Ingham, the present river swings to the north-east, whereas the older bedrocks channel 
continues towards the east, probably crossing the coast just north of Allingham (Hopley 
1970). The Stone River also has a deeply incised channel. 

The bulk of recent deposition is towards the northern edge of the delta. The 
lower recent delta contains a network of minor branching channels. The Seymour River, 
which is a former major distributary, is connected with the main Herbert channel and 
still carries part of the Herbert River flow. 

The Herbert River in the past has occupied a number of channels to the north 
and south of the current distributary area. Major distributary systems include Cattle, 
Trebonne, Palm, Victoria and Gentle Annie Creeks and other numerous infilled streams 
which are readily indicated by soil type. Abandoned and infilled channels tend to 
interlock the distributary system. During floods, the Herbert flow may still be diverted 
through old channels. The Trebonne-Cattle Creeks system was probably the earliest 
deltaic area and the Herbert River has subsequently migrated northwards (Hopley 1970). 

The Herbert and Stone Rivers have levee deposits. Deposition of sediments in 
the r iver  channels during the falling stages of a flood gradually increases the bed 
elevation which induces more spillage, so increasing the height of the levees. The levees 
are up to three metres above the surrounding plain (Cameron McNamara 1980). 

A series of channel benches and terraces occur in the more confined Herbert 
and Stone River valleys upstream from Trebonne. 

The occurrence of soil types is closely related to their geomorphology. Tinkle 
and Hawkins soils occur in the upper reaches of the rivers and are usually associated 
with coarse light textured sediments on the lower channel benches. Herbert, Macknade 
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and Midway soils occur on the upper channel benches, terraces and levees of the present 
river system. 

Lucy, Trebonne, Palm and Abergowrie soils are associated with relict levees, 
abandoned streams and prior streams in the delta. Ingham, Toobanna, Orient, 
Catherina, Hamleigh, Molonga and Leach soils are the texture contrast soils and clay 
soils which occur on the plains between the levees and prior streams. The Ingham and 
Catherina soil types are associated with the more recent deposition material. 

Mandam and Brae are swamp soils which occur in the wettest parts of the plains, 
mainly adjacent to the coast. 

The development of the delta has resulted in moderate amounts of material being 
directed to shoreline development. 

5.2.6 Beach ridge plain 

Soil type: Cassidy. 

Beach ridges have developed north of each of the distributaries under the 
influence of the south to north littoral drift. However, the northward migration of the 
Herbert River has meant that earlier beach ridge systems have generally been engulfed 
or fragmented. Fragmented beach ridges well inland from the present shoreline indicate 
the previous delta shore (see soil map). 

Much of the material which has been swept out to sea has been carried 
northwards, congesting the southern end of Hinchinbrook channel. 

The sand ridges and spits have enclosed tidal lagoons which have been colonised 
by mangroves. 

5.2.7 Tidal flats 

Extensive areas of mangroves have colonised the area around the present distributary 
area of the Herbert River and along the Hinchinbrook Channel. The older deltaic area 
of Trebonne and Cattle Creeks has mangroves tending to extend inland only up the 
channels. The inter-distributary areas are above the range of most tides and occur as 
salt pans. This could be due to sedimentation, emergence or lower rainfall in southern 
areas. 

6. HYDROLOGY 

6.1 Surface hydrology 

The Herbert and Stone Rivers are the major drainage systems in the study area. All 
creeks west of the junction of the Stone and Herbert Rivers drain into the Herbert 
River, while the remaining streams north of Bambaroo to the Cardwell Range drain into 
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the delta area. The Herbert River drains an area of 9000 km 2 (Cameron McNamara 
1980) of which the study area incorporates approximately 25% of the catchment. 

The creeks south of Bambaroo and north of the Cardwell Range drain directly 
into the sea. 

Streams carrying most of the local runoff into the Herbert River upstream from 
Trebonne are the Stone River and Gowrie, Lannercost, Dalrymple, Wigwam, Canoe, 
Elphinstone, Broadwater, Stoney, and Garawalt Creeks. Streams carrying most local 
runoff into the delta area are Ripple, Cattle (upper part), Francis, Waterview and 
Waterfall Creeks. The main abandoned streams in the delta (prior course of the 
Herbert River) include the Seymour River and Cattle (lower part), Trebonne, Palm, 
Victoria and Gentle Annie Creeks. These interconnected, abandoned streams still carry 
significant amounts of water during floods. 

Flooding of the Herbert and Stone Rivers is almost exclusively confined to the 
wet season which is from December to March. The wider-spread heavy falls as a result 
of tropical cyclonic disturbances is usually responsible for major flooding. Major floods 
in recent times have occurred in 1927, 1946, 1967, 1977 and 1986. 

Heavy rainfall limited to the delta area can cause minor flooding of limited 
duration. 

The flood forecasting and warning system has been developed, based on rainfall 
and river stations. Advance warning of potential flooding may exceed 24 hours for the 
more typical flood which results from heavy rainfall in the upper catchment. The peak 
water levels, duration of high river levels, the rate of rise and fall of the river and the 
month in which flooding takes place, determines the damage sustained by the 
community. A 1 in 2 year flood corresponds to the lower limit of "moderate flooding" 
(9.6 m Gairlock Gauge) and a 1 in 3 year flood corresponds to the lower limit of "major 
flooding'! (10.7 m Gairlock Gauge). 

The 1977 flood (1 in 25 year flood) covered an estimated 700 km 2 with 75% of 
Ingham inundated. The sugar industry accounted for the largest proportion of total 
damages resulting from reductions in sugar cane yield, land loss, other onfarm losses and 
extra harvesting and processing costs. Large numbers of stock were lost and fencing 
destroyed. 

The Herbert River Improvement Trust was formed in 1942 with the objectives 
to "control erosion, make financial provisions to repair damage occasioned by cyclone 
and flood to the banks of the river and to guard against the future occurrence of any 
such damage". The trust covers the whole Hinchinbrook Shire. 

Poorly drained areas behind the levees often receive inundation from river 
flooding and local rainfall. Poor land drainage is a significant feature of the Herbert 
River floodplain and has a marked effect on crop yields. Land drainage boards are 
being established to ameliorate the situation in the worst affected areas. Cameron 
McNamara (1980) stated in the Herbert River Flood Management Study that land 
drainage and flood mitigation works should be considered together. 
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6.2 Subsurface hydrology 

The Queensland Water Resources Commission has carried out extensive investigations 
of subsurface hydrology of the study area. Most bores are located in the delta area. 
Cox (1979) has described in detail the features, water quality and yield of the aquifers 
in the Herbert River delta. Table 1 gives a summary of aquifer and groundwater 
characteristics. 

Four major sandy aquifers are recognised. The lower three aquifers ($1 to 3) are 
confined, mainly between mud sediments with the lowest aquifer being the thickest and 
most extensive. The top aquifer ($4) is unconfined with the watertable often fluctuating. 

6.2.1 Yield 

The deepest aquifer ($1) is extensive with reasonable supplies of 1500 m3/day often 
available in spite of low permeability. Permeabilities are higher in the recharge areas 
above Lannercost. Total potential yield is 10 000 ML per annum with 5000 ML 
available above Lannercost. Development below Trebonne is unlikely because of 
shallower higher yielding aquifers. 

The next aquifer ($2) has little economic importance. Supplies are small. 

The third and second shallowest aquifer ($3) is very variable. East of Ingham, 
permeabilities are low and supplies will rarely be considered sufficient for irrigation. 

West of Ingham, the aquifer is more permeable where mud content decreases. 
Pumping rates are 1500 to 3000 m3/day in the west. This aquifer is virtually 
undeveloped. The annual yield of the small western part of this aquifer is unknown but 
it may possibly prove sufficient to meet the irrigation requirements of the immediate 
farming land. 

The shallowest aquifer ($4) is the most economically significant aquifer. It is very 
permeable but pumping rates are limited by the thickness and shallowness of the aquifer. 
Pumping rates of 1500 m3/day are obtained which are adequate for irrigation. Present 
use is minimal with 1600 ML per annum used for domestic purposes and 400 ML per 
annum for irrigating crops. The total yield is 52 000 ML, which is calculated to be fully 
recharged by summer rainfalls 6 years in 7. On coastal margins, saline intrusion will 
restrict the degree to which levels can be lowered. 

6.2.2 Quality 

Generally, fluorine increases with depth. Fluorine concentration in the deepest aquifer 
may be marginal or unsuitable for human consumption, while the surface aquifer has no 
fluorine. Silica increases with depth, while nitrate levels decrease with depth. Some 
very high nitrate levels in the surface aquifer make the water unsuitable for human 
consumption. 

Sodium/calcium ratios increase with depth with sodium being the dominant cation 
at depth, while sodium and calcium are co-dominant at the surface. The increasing 
salinity and sodium with depth could result in salting and clay dispersion if the water is 



Table 1. Summary o f  Aqu i fe r  and Groundwater Cha rac te r i s t i c s  

Aqu i fe r  Aqu i fe r  Type Ext~nt Thickness Depth to 
(km =) (m) Aqu i fer  

(m) 

T ransmiss iv i t y  Storage Standing Spec i f i c  
(m2/d) C o e f f i c i e n t  Water Capacity 

Level (200mm 
(m) screened 

bo~e) 
(m /d/m) 

Max, 

Pumping 
Ra~e 
(m /d)  

Water Type 
S a l i n i t y  
Range 
(mg/l) 

Quality Restraints 

UNIT $4 semi 378 7 0 

unconfined 

UNIT S3 (semi?) 
(west of confined 
Ingham) 

UNIT S3 (semi?) 
(east o f  conf ined 
Ingham) 

2900 0.10 3 700 1500 

80 9 8 350* ? 4 200* 

* Iso la ted  areas o f  high permeab i l i t y  near Trebonne w i l l  g ive higher values 

332 9 20 25 2.7x10 -4 4 25 

UNIT S2 (semi?) 392 
confined 

100 

1500~ 

UNIT $1 semi 
(above conf ined 
Lanner- 
cost) 

UNIT SI  (semi?) 
(below conf ined 
Lanner- 
cost) 

600 

12 40 62 2.4x10 -4 5 30 500 

30 22 1675 5x10 -4 12 ? 2500 

642 25 50 46 2xIO -4 5 30 

Na/Ca/HCO3/CL 
35 to 250 

Na/Ca/HCO3/CL 
50 to 250 

Na/Ca/HCO3/CL 
50 to 250 

Na/Ct, 
700 to 3300 

Na/HCO~ 
40 to ~00 

Na/HCO 3, 
90 to 500 

Na/Ct 
500 to 1300 

Water may be brackish on 
extreme coastal  f r i nge  (sea- 
water i n t r u s i o n ) .  NO 3 is  
sometimes high. 

Iso la ted high NO 3 near 
Trebonne. 

Water may brackish w i t h i n  
10 km o f  coast.  

S a l i n i t y  is  high 

S.A.R. sometimes too 
high f o r  i r r i g a t i o n .  

F may exceed 1 mg/l over 
30% of  un i t .  

S.A.R. is  too high f o r  
too high f o r  i r r i g a t i o n ,  
p a r t i c u l a r l y  in Na/CL water .  
S i l i c a  leve l  is  high. S a l i n i t y  
is  high in Na/Ct waster t n n o r t h  
east corner o f  the de l t a .  

FO 

Note: The values given are averages. 

Source; Cox (1979) 
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used for irrigation. In brackish water, which is widespread in the deepest two aquifers, 
chloride is the dominant anion. Sulphate is of minor importance. 

In summary, the water quality of the deepest aquifer is variable. Between 
Trebonne and Ingham on the south-eastern border of the delta, high salinities and 
sodium levels render the water marginal to unsuitable for irrigation. In the north-east 
corner of the delta, the water is too saline for any purpose. Above Lannercost, water 
quality is better and development is likely to occur. 

The second deepest aquifer has poor quality water. 

The quality of the second shallowest aquifer is generally acceptable for irrigation, 
although high salinities may be found within 10 km of coast. 

The shallowest aquifer has good quality water except for isolated areas of high 
nitrate concentration. 

7. NATURAL VEGETATION 

7.1 Introduction 

Large areas of the study area remain under natural vegetation. Approximately 35 to 
40% of the lowland area has been cleared for crop production or improved pastures. 

The vegetation of the Ingham area has been described in varying detail by Teitzel 
and Bruce (1971 a and b, 1973 a and b), Isbell and Murtha (1972), Tracey and Webb 
(1978) and Tracey (1982). These workers recognised the main communities and their 
distribution. Tracey (1967) undertook a local study of the Ingham area when he 
described the botanical composition of a wet grassland. 

The area has a considerable range in climate, topography and soils. Vegetation 
communities are closely related to the rainfall, soil types and particularly to the drainage 
attributes of those soils. 

This section briefly describes vegetation communities with an outline of the 
dominant species, variability and the occurrence. Appendix I lists the common and 
scientific names of the plants in the following text. 

7.2 Vegetation commnnities 

7.2.1 Rainforest 

The rainforests occur mainly in the higher rainfall areas on the Cardwell and Seaview 
Ranges and in the Mount Spec area. Smaller areas are associated with gully lines 
amongst the hilly sclerophyll woodland and on the alluvia along the rivers. The complex 
floristics of this community are described by Tracey (1982). 
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7.2.2 Bloodwood dominant open forest and woodland 

This community is extensively developed on the hilly to mountainous coastal ranges and 
adjacent alluvial fans. The. dominant soil types are Cadillah, Elliot, Hillview and 
Thorpe. 

In the higher rainfall areas to the north and north-west of Ingham, E. pellita, 
forest red gum, Moreton Bay ash, Acacia rnangium, swamp mahogany and turpentine 
become important constituents of the forests. Black she oaks may become locally 
dominant. There is a ground layer of blady grass and kangaroo grass and an 
understorey often containing Zamias, acacias and cocky apple. The drainage lines often 
have remnants of rainforest. 

In the drier areas to the west and south, poplar gum, white stringybark, Moreton 
Bay ash, forest red gum, narrow-leaved ironbark and swamp mahogany become 
important components, with poplar gum being the most numerous. The understorey 
often has Acacia flavescens, cocky apple, Zamias and grass trees, while the ground layer 
is dominated by blady grass, giant spear grass and kangaroo grass. White stringybark 
may be locally dominant. 

7.2.3 Swamp mahogany dominant open forest and woodland 

This community is well developed on the well drained soils of the creek and river 
alluvial plains. The main soil types are Broadwater, Canoe, Lee, Ashton, Abergowrie, 
Palm, Lucy, Trebonne and small areas of Macknade. 

Bloodwood is always an important component and may be co-dominant. Other 
important components include poplar gum, acacias and broad leaf tea-tree, with blady 
grass being the main ground layer. 

This community grades into poplar gum and tea-tree communities on the poorly 
drained ,alluvia. 

7.2.4 Poplar gum dominant woodlands 

This community occurs mainly on the poorly drained Yuruga soil type to the west and 
south of Ingham. 

Broad leaf tea-tree, forest red gum, narrow-leaved iron bark and swamp 
mahogany may be present and may be locally dominant. 

The greater abundance or co-dominance of the tea-tree and swamp mahogany is 
often an indicator of a soil with a neutral to acid reaction trend (Manor and Lannercost 
soil types). 

The ground layer is dominated by blady grass and short grasses. 
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7.2.5 Broad leaf tea-tree dominant woodland and open woodland 

This community occurs on poorly drained soils on the lower slopes of the alluvial fans 
and on poorly drained soils on the creek alluvial plains. Only small communities exist 
on poorly drained river alluvial plains. The main soil types include Lugger, Arnot, 
Cudmore, Rungoo, Althaus, Lannercost, Ripple, Byabra, Orient, Leach. 

Poplar gum and swamp mahogany are scattered throughout the community. The 
ground layer is complex and variable, dominated by various grasses, while sedges occur 
in the wetter areas. Grass trees are sometimes conspicuous on the Cudmore soil type, 
while scattered ghost gums are a characteristic feature of the Byabra soil type. Scattered 
forest red gums also occur on the Ripple and Orient soils. Paper bark tea-tree may be 
locally dominant on the Leach soil type. 

7.2.6 Narrow leaf tea-tree dominant open forest and woodland 

Small areas of this community occur on the poorly drained Toobanna and Molonga soil 
types in an area east of Trebonne and south of the Herbert River. 

Swamp mahogany is an important component. The understorey varies in density 
and is usually composed of various rainforest species. Th~ ground layer is often sparse. 

This community often grades into grasslands, which is thought to be a fire climax 
(Webb, personal communication). 

7.2.7 Grassland 

Closed grassland communities occur throughout the river alluvial plain, mainly in an 
area east of Trebonne. 

The dominant grasses are blady grass and Sporobolus spp., with blady grass 
becoming dominant on the relict levees and p~ior streams. Sensitive plant and Mackie's 
pest are common weed species occurring in overgrazed areas while the introduced para 
grass is often characteristic of the wetter areas. 

7.2.8 Acacia crassicarpa, Morton Bay ash dominant open forest and woodland 

This community is restricted to the Cassidy soil type on the beach ridges. A line of she 
oaks occur just above the high water mark on the frontal beach ridges, usually with a 
layer of scattered shrubs. The foredune has wind-sheared shrubby vegetation. Behind 
the foredune, the vegetation is dominated by Acacia crassicarpa and Moreton Bay ash, 
with a dense understorey of various shrubs, including cocky apple, Pandanus spp. and 
various acacia species. The ground layer is usually sparse. A swamp community occurs 
in the swales where the watertable occurs at, or above the ground surface for extended 
periods. 
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7.2.9 Swamp communities 

These communities occur throughout the river alluvial plain but are concentrated in 
coastal areas. The main soil types involved are Brae and Mandam. These soils usually 
have watertables at/or above the surface for extended periods. 

The dominant species vary from sedgelands to paper bark tea-tree, or weeping 
tea-tree open forest and woodland. The tea-tree areas usually have a sparse ground 
layer of sedges. 

The sedgeland swamps are characteristically associated with the grasslands, while 
the paper bark tea-tree swamps occur on the Brae soil type associated with the narrow 
leaf tea-tree woodland and open-forest. The weeping tea-tree communities are minor 
and are associated with the Mandam soil. 

7.2.10 Saline littoral communities 

The main components of this community are mangroves which extend along the coast 
from Cattle Creek north, with the largest community occurring from Gentle Annie Creek 
north along the Hinchinbrook Channel. The dominant mangroves are Red, Orange, 
Grey and Spurred mangroves. 

Saltpans and samphire flats occur in areas which are subject to inundation only 
by large tides. This community is widespread in the Cattle Creek area. 

Salt-water couch grassland occurs on low-lying plains adjacent to the coast, usually 
bordering the salt pans. These areas may be inundated by very occasional high tides. 

8. SOILS 

8.1 Introduction 

Soils of the study area have been mapped and described by Isbell and Murtha (1970) 
at 1:1 000 000 scale. 

In this study area, 43 soil types and 7 variants (see Appendix IV, V) have been 
identified, together with five miscellaneous mapping units. 

8.2 Resource mapping 

Land resource mapping was undertaken at a scale of 1:100 000 in order to compile a 
resource inventory appropriate for extensive land uses and regional planning. 

Field procedures include a reference making phase followed by a mapping phase. 
The aim of the reference making phase was to compile tentative soil types using data 
recorded at 417 sites. The soils were identified by transecting representative areas which 
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have a range of topographic units in each geological formation. Site data includes soil 
profile description to 1.2 m as well as topographic, vegetation and geological 
information. 

The site data was recorded as a computer file (Appendix II) and contains four record 
types. Record 1 and 2 contain location, topography and geological data of the site as 
well as a classification of the soil. Record 3 contains vegetation data and record 4 
contains the description of the soil profile. 

The mapping phase involved additional observations, checking of soil boundaries 
and delineating mapping units on aerial photographs (approximate scale 1:28 000). 
Mapping units are associations, that is, contain several soil types. Each occurrence of 
a mapping unit is termed a unique map area (UMA). Data on soils, landform, 
geology, land degradation, vegetation and selected properties related to agricultural 
suitability classification (see section 9.4) were individually recorded on computer files 
for each UMA. 

The mapping units and their constituent UMAs are named after the dominant 
soil type. The dominance of the major soil and the range of associated soils may vary 
among the UMAs of each mapping unit. 

The total area of each mapping unit, together with associated soils, is given in 
Table 2. The area given for a mapping unit only approximates the area of its dominant 
soil type, since it also includes the area of the associated soils. 

Each soil type is described in Appendix IV and its distribution is shown on Map 
1, "Soils". The conventions used in the descriptions of the soil types are described in 
Appendix III. The soil types are grouped into landscape patterns which have similar 
topography and parent material. 

8.3 Description of the soil types 

8.3.1 Soils of the hillslopes 

Cadillah occurs on the gently inclined to steep, often inaccessible, hillslopes of 
the Carboniferous granites and acid volcanics. The soil has developed in situ or as 
colluvial fans upslope of, and in association with, the Hillview soil type. Cadillah is a 
red podzolic soil with an acid, mainly gradational profile with a A2 horizon. Weathered 
rock occurs at depth. The soil is usually steep and rocky. 

8.3.2 Soils of the undulating rises on basalt 

These soils are associated with a very small basalt flow in the upper Stone River area. 

A "mapping unit" is an area or group of areas, coherent enough to be represented 
to scale on a map which may be adequately described in terms of its main soil 
types (Beckett and Webster 1971). 
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Table 2. Mapping unit composition and areas 

Mapping Unit Associate Soil Minor Associate Soil Area (ha) 

Cd Cadillah Hillview Thorpe igg 
Fo Fox Y e l l a r a i  122 
YL Y e l l a r a i  Fox, Couch 36 
Eo E L l i o t  HiLLview Thorpe, Lugger 606 
Hv H iL l v i ew  Cad iL lah ,  ELL io t ,  Thorpe Lugger 14088 
Th Thorpe H i l Lv i ew ,  Lugger Rungoo 1993 
Lu Lugger Thorpe, Rungoo E l l i o t ,  H i l l v i e w  6472 
An Arnot Cudmore Lugger, Porter, Ripple 2058 

Cm Cudmore Arnot, Porter Thorpe 3837 
Rg Rungoo Lugger ELLiot, HiLLview, Thorpe 2884 
Pt Porter Cudmore Arnot 4484 
Bw Bluewater Canoe, Lee Abergowrie 8618 
Cn Canoe Bluewater, Lee Ashton, Manor 1642 
Le Lee 8luewater, Canoe Ashton, Manor 1553 
As Ashton Althaus Canoe, Lee, Lannercost, 7731 

Yuruga, Byabra 
Mn Manor Abergowrie Canoe, Lee 5386 
AL Althaus Ashton, Lannercost, 3666 

Byabra, Yuruga 
Ln Lannercost ALthaus, Yuruga Ashton 4809 
Rp Ripple | Leach Arnot 1003 
Bb Byabra ALthaus, Yuruga Ashton 3071 
Yr Yuruga Lannercost, Syabra ALthaus, Ashton, Senta 9722 
Hk Hawkins Macknade Herbert 262 
Tk Tinkle Macknade Lucy 2426 
Mk Macknade Herbert, Ingham Hawkins 6110 
Hb Herbert Macknade, Midway, Ingham Hawkins 8427 
Sn Stone Herbert Tinkle 129 
Mw Midway Herbert Macknade 1341 
Lc Lucy Trebonne, Palm Toobanna, Tinkle 1233 
Tr Trebonne Lucy, Toobanna Palm, Mandam 3089 
Pl Palm Lucy, Toobanna Trebonne 3028 

Ag Abergowrie Manor Bluewater, Toobanna 4384 
lh Ingham Herbert, Catherina Macknade 2936 
Tb Toobanna Trebonne, Palm, HamLeigh Abergowrie, Orient 16007 

MoLonga 
Or Orient Mandam Toobanna, Brae, Cassidy 1164 
Ch Catherina Ingham, Molonga, Leach Herbert, HamLeigh 534 
HL Hamleigh Toobanna, MoLonga Leach, Brae 14923 
ML MoLonga HamLeigh, Toobanna Brae 2672 
Lh Leach Ripple, Catherina Brae 1914 
Md Mandam Orient Trebonne, Brae, Cassidy 1204 
Br Brae Hamleigh, MoLonga Leach, Mandam, Cassidy 20gg 
Cs Cassidy O r i e n t ,  Mandam, Brae 2411 
Mg Mangroves 19690 
M Mountains 134323 
W Stream channels, swamps 2322 
Ub Urban 1361 
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Fox is a very minor soil occurring on a narrow undulating basalt flow. The 
predominantly shallow soils have formed in situ and usually have considerable amounts 
of rock on the surface and in the profile. It is a krasnozem with a dark clay loam 
surface and a strongly structured medium clay subsoil to a depth of 0.3 to 0.8 m. 

Yellarai is a minor soil on the mid to lower slopes at the end of the basalt flow. 
It is a xanthozem with a dark clay loam to light clay surface and a mottled yellow, 
structured, medium clay subsoil with small to large amounts of ferromanganiferous 
nodules. Quartz occurs throughout the profile indicating that it may be a colluvial fan 
with material derived mainly from the basalt and a small amount of material derived 
from the surrounding granitic rocks. 

Couch is a minor, unmapped soil that occurs in association with Yellarai at the 
base of the slopes at the end of the basalt flow. It is a black earth with incipient gilgai 
and moderate cracking. The self mulching surface grades into a mottled, dark, fine 
lenticular structured heavy clay which becomes grey at depth. This soil is continuously 
wet from seepage from the Fox and Yellarai soils. Saline seeps are suspected. The 
vegetation is a couch grassland. 

8.3.3 Soils of the alluvial fans derived from granite and acid volcanic rocks 

These soils occur as alluvial fans at the base of the granitic and acid volcanic hills which 
surround the lowland area. The granite derived soils (Elliot, Hillview, Thorpe, Lugger, 
Rungoo) usually have fine angular to sub-angular gravel throughout the profile. The 
acid volcanic rocks are fine grained and the derived soils (Arnot, Cudmore, Porter) have 
fine sand throughout the profile. However, the two rocks have similar mineralogy 
resulting in intergrades between the granitic and acid volcanic derived soils. Some of 
the acid volcanic rocks may  have a high proportion of plagioclase (de Keyser et al. 
1965). 

Soil colour depends on position in the landscape. Red colours occur on the 
upper slopes, while grey colours predominate on the lower seepage slopes, although the 
grey colours of the acid volcanic derived soils will often extend to the top of the alluvial 
fans. The change in drainage characteristics down the slope result in vegetation changes 
with bloodwood and white stringybark occurring on the well drained soils and tea-tree 
occurring on the wetter soils. 

Fan slopes are usually fairly uniform but fan length varies considerably. In the 
south, the length of fans is rarely greater than 500 m while in the north, fans may extend 
for 2 km or more. This may be a reflection of past climatic conditions. 

Elliot occurs as a minor soil in association with Hillview throughout the upper 
slopes of the alluvial fan system, but occurs to a greater extent in the southern areas. 
The red, fine gravelly earthy sand has a vegetation community of bloodwood dominant 
open forest and woodland. A fine phase of this soil occurs to a very limited extend 
on fans derived from acid volcanic rocks at the base of Mt. Gardiner. 

Hillview is a major soil of the alluvial fans. Surface textures range from fine 
gravelly, loamy sand to sandy clay loam which grades into a red, fine gravelly, massive, 
sandy clay loam to medium clay subsoil. 
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The lighter surface textures predominate in the southern half of the study area. 

This soil grades into Cadillah on upper slopes and Thorpe and Lugger on lower 
slopes. Vegetation is bloodwood dominant open forest to woodland. A fine phase 
occurs on the upper slopes of fans derived from acid volcanic rocks. 

The alluvial fans are often dissected by numerous creeks and gullies. Rocky 
fragments increase in size and amount on upper slopes. 

Thorpe is a minor soil occurring on the midslopes of the alluvial fans derived 
from granite. Hillview occurs on upper slopes and Lugger on lower slopes. The soils are 
mainly yellow, gradational, fine gravelly soils usually with an A2 horizon. A minor fine 
phase occurs on the fans derived from acid volcanic rocks. The vegetation is bloodwood 
dominant open forest to woodland. 

Lugger has been mapped on the lower slopes of granitic alluvial fans throughout 
the area, but is best developed south of the Herbert River to Francis Creek. In this 
area, the fans are reasonably long and have gentle uniform slopes. Seepage causes the 
soil to remain saturated for prolonged periods. The dark fine gravelly, loamy sand 
surface and bleached A2 horizon grade into a mottled grey sand to sandy clay loam 
subsoil. The soil colour and degree of mottling varies considerably. They grade into the 
yellow Thorpe soil upslope and often occur in association with the Rungoo soil, which 
has a heavier and often structured B horizon. Lugger often abuts the poorly drained 
creek alluvial plains. The vegetation is mainly broad leaf tea-tree woodland and open 
woodland, with the tea-tree becoming dominant on wetter areas. 

Arnot is a minor soil occurring on the lower slopes of alluvial fans derived from 
acid volcanic rocks. The main occurrences are in the Seymour area with small areas 
near Yuruga and Helens Hill. The dark sandy loam surface and usually conspicuously 
bleached A2 horizon grade into a mottled, mainly yellow and yellow-brown loamy sand 
B horizon. The soil typically has a high proportion of fine sand originating from the fine 
grained parent material. It occurs on gentle uniform slopes and occurs in association 
with Cudmore and often overlies clay D horizons where it abuts alluvial sediments. The 
vegetation is mainly broad leaf tea-tree dominant woodland to open woodland. This soil 
remains wet for long periods due to seepage. 

Cudrnore occurs on the mid to lower slopes of the alluvial fans derived from acid 
volcanic rocks. It has been mapped mainly in the Seymour, Henrietta to Long Pocket 
and Helens Hill areas and north of the Cardwell Range. The soil is a bleached mottled 
grey to yellow-brown gradational soil which is moderately structured, but occasionally 
massive at depth. Surface textures are fine loamy sand to loam fine sandy with sandy 
clay to medium clay B horizons. Rock occurs on upper slopes. Cudmore occurs in 
association with Arnot but more commonly with Porter. Porter has duplex profiles 
while Cudmore has mainly gradational profiles. The dominant vegetation is broad leaf 
tea-tree woodland. 

Rungoo is a minor soil which occurs throughout the lower slopes of granitic 
alluvial fans. It occurs in the Lannercost to Upper Stone areas and rarely occurs south 
of Bambaroo. The soil has a dark loamy sand to light sandy clay loam surface and 
bleached A2 horizon, with a mainly clear to abrupt change to a mottled grey, 
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yellow-brown and yellow, fine gravelly, sandy clay to medium clay subsoil. Grey colours 
predominate on the lower slopes. It occurs in association with Lugger and often abuts 
poorly drained alluvial plains. Vegetation is mainly broad leaf tea-tree dominant 
woodland. 

Porter is a minor soil in the Herbert River lowland area with larger areas 
occurring north of the Cardwell Range. It occurs on lower slopes of alluvial fans 
derived from acid volcanic rocks. The soil is a soloth/solodic soil with a dark fine sandy 
loam to loam fine sandy surface and bleached A2 horizon with a clear change to a 
mottled, mainly yellow-brown and grey, medium clay. Cudmore is associated, usually 
on upper slopes. Vegetation is mainly broad leaf tea-tree woodland. 

8.3.4 Soils of the creek alluvial plains 

This group of soils cover large areas between the river alluvial plains and the alluvial 
fans. They are best developed in an area from Lannercost, extending south-east, to 
Rollingstone and further south. These alluvial plains have originated from creek 
sediments derived from the local granitic and acid volcanic hills. The soils are generally 
less fertile than the river alluvial soils and are dominated by bleached duplex soils. The 
flat topography lacks well developed drainage lines. 

The soils occur in sequence. Bluewater, Canoe and Lee are loamy soils 
associated with levees and terraces and larger prior streams while Ashton is found on 
small prior streams. Red colours occur higher in the landscape, while a grey colour 
occurs lower in the landscape. Manor is a soloth which usually occurs on the edges of 
these loamy earths, particularly in the Abergowrie area. Althaus is a sandy surfaced 
soloth occurring on the edge of the Ashton prior streams. Further away from these 
sandy prior streams, the surface textures become finer. This is where Lannercost 
(soloth) and Yuruga (solodic soil) are found. Byabra soil has a thin light textured 
surface and occurs in association with Yuruga and Althaus soil types. Subsoil pH can 
vary dramatically over short distances, but generally the incidence of high pH subsoils 
in the solodic soils increases to the south west and south. This corresponds with the 
generally drier rainfall pattern. Ripple is found only in the Seymour area where small 
prior streams have deposited fine grained sediments over clay. The fine grained 
sediments have originated mainly from the acid volcanic hills. 

Vegetation shows a close relation to the drainage characteristics of the soils. The 
better drained soils of Bluewater, Canoe, Lee and Ashton are dominated by a swamp 
mahogany community, while the poorer drained soils of Althaus, Lannercost, Yuruga, 
Byabra and Ripple are dominated by broad leaf tea-tree or poplar gum community. 

Bluewater is a minor soil widely distributed throughout the area. It is formed on 
prior streams, levees and occasionally terraces associated with the larger creeks draining 
the adjacent hills. This soil is a uniform to gradational textured red earth with a dark 
sandy clay loam surface and usually a slightly paler A2 horizon grading into a red-brown 
massive sandy clay loam to light medium clay B horizon. Rock commonly occurs 
throughout the profile with the amount and size decreasing lower in the landscape. This 
soil always grades into Canoe and Lee lower in the landscape and occasionally Ashton, 
further along prior streams. The vegetation is mainly swamp mahogany dominant open 
forest to woodland. 
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Canoe occurs in association with Bluewater and has similar attributes, except that 
it occurs slightly lower in the landscape and has a yellow B horizon. Canoe grades into 
Lee lower in the landscape. 

Lee is a very minor soil found in the same situation as Canoe and Bluewater but 
occurs lower in the landscape. It is a grey earth with a dark sandy clay loam surface 
grading into a mottled, grey, massive, sandy clay loam to sandy clay subsoil. A2 horizons 
may occur. Lee occurs in association with Canoe and Ashton and often grades into 
Manor and occasionally other duplex soils. 

Ashton is a common, widely distributed soil found throughout the creek alluvial 
plains from Lannercost south. It occurs as narrow prior streams up to 7 km long. 
Ashton has yellow and grey earths and bleached earthy sands which have a dark sandy 
loam surface and a bleached A2 horizon grading to a mottled yellow-brown, yellow and 
grey massive loamy sand to sandy clay B horizon. Colour and texture varies 
considerably along and across the prior stream. Yellow colours predominate in the 
upper catchment at the beginning of the prior stream and on top of the prior stream. 
Lighter textures predominate at the end and in the centre of the prior streams. 

Ashton grades into Althaus on the edges of the prior stream, or grades into 
Bluewater, Canoe, Lee adjacent to the larger creeks. Ashton may also abut the river 
alluvial plains where these small prior streams have meandered out onto the river 
alluvia. 

The vegetation is mainly swamp mahogany dominant woodland. 

The fact that the prior streams are long, narrow and meandering, makes soil and 
crop management difficult. Limited shallow subsurface water is usually available. 

Manor is a major soil on the alluvial plains in the Abergowrie area but occurs 
only as isolated pockets elsewhere in the study area. It has a dark clay loam to clay 
loam fine sandy surface and usually sporadically bleached A2 horizon with a clear to 
gradual change to a mottled yellow-brown and yellow structured light to medium clay 
which becomes paler at depth. Soil pH is mainly medium acid throughout and fine red 
mottle usually occur in the lower B horizons. This soil is always associated with 
Abergowrie soil and rarely with the Lannercost soil. The vegetation is a woodland with 
mixture of swamp mahogany, poplar gum, broad leaf tea-tree, and bloodwood. 

Althaus is a soloth soil which is common and widely distributed in the creek 
alluvial plains occurring from Lannercost south. Occurrence increases to the south, but 
solodic soils (Byabra) gradually become dominant in the lower rainfall southern areas. 
It is associated mainly with the edges of sandy prior streams. It has a dark loamy sand 
to light sandy clay loam surface and conspicuously bleached A2 horizons with a clear to 
abrupt change to a mottled, yellow-brown and grey sandy to heavy clay. Fine gravel 
occurs in the clayey B horizon which becomes paler at depth. Soil pH is mainly medium 
to slightly acid throughout the profile. The relatively thick, light textured A horizon is 
characteristic of this soil. The vegetation is mainly broad leaf tea-tree woodland with 
poplar gum and swamp mahogany being a important component of the community. 
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The soil occurs mainly as narrow strips adjacent to prior streams. However, 
larger areas are found in the south. 

l.~nnereost occurs throughout the creek alluvial plains from Abergowrie to 
Rollingstone, but is best developed in the Lannercost area. Its main use at present is 
grazing under native pastures with small areas cropped to sugar-cane in the Yuruga to 
Bambaroo area. It is a soloth that occurs on flat plains with few drainage lines. The 
soil has a dark sandy clay loam to clay loam fine sandy surface and a conspicuously 
bleached A2 horizon with an abrupt to clear change to a mottled, grey and yellow-brown 
sandy to medium clay subsoil which becomes paler at depth. Soil pH is mainly medium 
acid throughout. The relatively thin (0.2 to 0.35 m) sandy clay loam surface over a acid 
clayey subsoil is typical of this soil type. 

This soil grades into Althaus which has a thicker, lighter textured A horizon and 
oceurs in association with Yuruga which is the alkaline equivalent. The vegetation is 
broad leaf tea-tree dominant woodland. 

Ripple is a minor soil found on alluvial plains in the Seymour area. It has 
developed from the deposition of fine grained sediments from the surrounding acid 
volcanic rocks. This soloth has a dark loam fine sandy to clay loam fine sandy surface 
and conspicuously bleached A2 horizon with an abrupt to clear change to a strongly 
mottled grey and grey-brown medium to heavy clay subsoil which becomes paler at 
depth. The pH is very strongly acid to medium acid throughout and moderate 
debil-debil always occurs. Fine sand typically occurs in the A horizons but coarse sand 
can occur adjacent to prior streams. 

This soil appears similar to Toobanna on the river alluvial plains but differs in 
that it occurs on the creek alluvial plains. The clay B horizon is non-sodic and the 
subsoil has abundant prominent mottles. The vegetation is also different with broad leaf 
tea-tree dominant woodland to open forest. 

Ripple grades into Arnot and Cudmore on upper slopes and abuts Leach on 
lower slopes. 

Byabra is a minor soil found mainly south of Crystal Creek with other minor 
occurrences in the Yuruga to Spring Creek area. It is a solodic soil, solodised solonetz 
with a dark loamy sand to loam fine sandy surface and a conspicuously bleached A2 
horizon with an abrupt change to a mottled grey and yellow-brown sandy to heavy clay. 
Structure in the B horizon is mainly strong coarse blocky but can be coarse columnar, 
particularly in association with a shallow light textured surface. Colour becomes paler 
at depth corresponding to a increase in pH and often an occurrence of lime nodules. 

Byabra occurs in association with the Yuruga and Althaus soils. It is 
distinguished by a thin, light textured surface abruptly changing to a clay subsoil which 
becomes alkaline at depth. The vegetation is broad leaf tea-tree woodland to open 
woodland often with scattered ghost gums. 

Salting has occurred in a small area near Yuruga. 
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Yuruga is a major soil occurring throughout the creek alluvial plains but mainly 
in the area from Stone River to Yuruga. It is a solodic soil with a dark loam fine sandy 
to clay loam fine sandy surface and a conspicuously bleached A2 horizon with an abrupt 
to clear change to a mottled yellow-brown and grey medium to heavy clay subsoil. The 
clay becomes paler and more alkaline at depth. Lime nodules may occur at depth. The 
Yuruga soil grades into Byabra soil and is associated with the Lannercost soil, which is 
the acid equivalent. An uncommon complex is a gilgai, alkaline mottled grey cracking 
clay (Senta) found only in the Spring Creek to Leichhardt Creek area near Yuruga. 
This clay occupies small areas and occurs in the gilgai depressions, with the Yuruga soil 
usually occurring on the mounds. 

The vegetation is woodland dominated by poplar gum. 

Small areas of this soil have been developed, for sugar-cane growing. Yuruga soil 
will become increasingly important to the sugar industry as land becomes scarce on the 
more fertile river alluvial plains. 

Senta is a very minor, unmapped soil occurring as a complex with the Yuruga 
soil. It is a gilgaied alkaline, mottled, grey cracking clay found only in the Spring Creek 
to Leichhardt Creek area. It occurs in the gilgai depressions, with the Yuruga soil 
usually occurring on the mounds. 

The vegetation is a woodland dominated by poplar gum with forest red gum 
and/or narrow leaved ironbark present. 

8.3.5 Soils of the river alluvial plains 

This large group of soils occur on the alluvia derived mainly from the Herbert and Stone 
Rivers. Minor occurrences are associated with larger creeks draining the local hills and 
mountains. The Herbert River has a range of rock types in the catchment including 
granite, acid volcanics, metamorphics and basalt. The Stone River has less variation but 
does include a small area of basalt. 

The soils show a predictable sequence. Hawkins, Tinkle, Macknade, Herbert and 
Midway occur on the channel benches, terraces and levees. The Stone soil type is 
extremely minor and restricted to a channel bench in the Upper Stone area. Hawkins 
and Tinkle occur on the youngest channel benches, while Macknade and Herbert occur 
on the backslopes of older channel benches and on terraces. 

The channel benches and terraces change over to levees just downstream from 
Trebonne. On these levees, Herbert and Macknade soils predominate. 

The older river alluvial plains occur mainly south of the Herbert River, while 
more recent sediments occur adjacent to the present rivers and north of the Herbert 
River east of Trebonne. The older plains have numerous prior streams and relict levees. 
Lucy, Trebonne, Palm and Abergowrie occur in these situations. Toobanna, Orient, 
Hamleigh and Molonga occur on the older river alluvial plains, while Mandam and 
Brae occur in the swamps. Ingham, Catherina and Leach occur on the more recent 
alluvial plains. The more recent alluvia have predominantly gradational profiles and less 
well developed A2 horizons compared to the older river alluvia. 
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Vegetation varies considerably from rainforest on some of the channel benches, 
to tea-tree woodlands and grasslands. Narrow leaf tea-tree woodlands and grasslands 
predominate in the delta area, east of Trebonne. 

This broad group of soils represent the most variable and the most productive 
soils in the region. Large areas are used for sugar-cane growing, but a considerable area 
is undeveloped. 

Hawkins is a very minor soil situated on the youngest channel benches. It has 
formed where floods have deposited sand to form an alluvial soil with minimal profile 
development other than a dark A horizon where vegetation has established. Layering 
occurs in the profile. Hawkins usually occurs in association with Macknade. 

Tinkle is a very minor soil located on lower channel benches in the upper reaches 
of the Herbert and Stone Rivers and some larger creeks flowing into the Herbert.. This 
soil has a dark loamy sand surface grading into a dark to brown loamy sand to sandy 
loam subsoil. Cobble occurs throughout the profile and on the surface, except for a few 
small areas. Further downstream the surface becomes heavier textured to become 
Macknade soil type. 

Macknade is an important, highly productive soil occurring on channel benches 
and levees, mainly in the lower reaches of the Herbert River around Macknade. This 
alluvial soil has a dark or brown, loam fine sandy to silty clay loam surface over a brown 
sandy C horizon. It occurs mainly in associatiox~ with Herbert and occasionally with 
Tinkle and Hawkins soils. Native vegetation is mostly cleared but a small area of 
rainforest or swamp mahogany woodland remain. 

Herbert is the most productive soil in the district, occurring on the channel 
benches and levees of the Stone and Herbert Rivers. This soil is a brown earth with a 
dark and brown clay loam fine sandy to silty clay loam surface overlying brown, 
structured, clay loam fine sandy to silty clay loam B horizon. Sandy D horizons occur 
at depth. Occasionally, massive to weakly structured B horizons occur. The Herbert 
soil occurs in association with Macknade and Midway soils. 

A few small areas of rainforest and swamp mahogany woodland remain. 

Stone is a very minor soil situated on a channel bench in the Upper Stone area. 
It is a dark cracking clay with sandy D horizons and sand throughout the profile. The 
soil grades into Herbert closer to the river. This soil has been cleared and is growing 
sugar-cane. Another very minor area of dark clay occurs adjacent to Insulator Creek. 

Midway is a minor, but very productive soil located on the back slopes of older 
channel benches and on terraces along the Herbert River. It is a yellow podzolic soil and 
has a mainly gradational profile, with a dark silty clay loam surface and an A2 horizon 
overlying a mottled brown and yellow-brown structure, medium clay subsoil. Colour of 
the subsoil varies considerably, being browner on higher areas and greyer in the 
depressions. Midway may occur in association with Herbert soil. The vegetation is 
swamp mahogany dominant open forest to woodland. 
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Lucy is a minor soil formed on relict levees of prior and abandoned streams 
throughout the older river alluvial plains. It is a red and yellow earth with a dark loam 
fine sandy to sandy clay loam surface grading into a brown and yellow-brown sandy 
clay loam subsoil which overlies sandy D horizons. This soil occurs on the higher levees 
and often in association with the Palm soil, which has a structured heavier textured B 
horizon. It is also found in association with Trebonne which occurs lower in the 
landscape. The depth of the sandy D horizon is very variable and has been exposed in 
some situations due to cultivation. Small areas of swamp mahogany woodland or native 
grassland remain undeveloped. 

Trebonne is a minor soil occurring on relict levees of prior and abandoned 
streams of the older river alluvial plains. It is a grey earth or yellow earth with a dark 
loam fine sandy to clay loam fine sandy surface and a paler A2 horizon overlying a 
mottled yellow-brown and brown clay loam fine sandy. Manganiferous nodules 
characteristically occur in the lower A and upper B horizons. Sandy D horizons are 
common. Vegetation is grassland or swamp mahogany woodland. 

This soil is situated slightly lower in the landscape to Lucy and slightly higher in 
the landscape to Toobanna. Subsurface water is usually readily available. 

Palm is a highly productive but relatively minor soil found on scrolls and plains 
of prior and abandoned streams of the older river alluvial plains. It is a non-calcic 
brown soil or red podzolic soil with a dark clay loam surface overlying a brown to 
red-brown, structured clay B horizon. Sandy D horizons occur. The occurrence of an 
A2 horizon is variable and usually weakly developed. Toobanna always occurs lower in 
the landscape. Palm often occurs in association with Lucy. 

Subsurface water is usually readily available. 

Abergowrie is an important highly productive soil found on prior streams in the 
Abergowrie area. This red earth, red podzolic soil is fairly variable. It mainly has a 
dark, sandy clay loam to clay loam surface and weakly developed A2 horizons overlying 
a red and red-brown clay loam to medium clay. The weakly structured subsoil of the 
red earth is often intermixed with the structured subsoil of the podzolic soil. The centre 
of the prior streams has variable soils, ranging from red earthy sands to sandy surfaced 
red earths. Abergowrie grades into Manor lower ifi the landscape. The vegetation is 
swamp mahogany dominant woodland to open forest. 

Ingham is an important cane producing soil on the younger alluvial plains 
adjacent to, and north of the Herbert River east of Trebonne. The soil has a dark clay 
loam fine sandy to silty clay loam surface and an A2 horizon overlying a mottled 
yellow-brown and grey medium clay B horizon. Sandy D horizons occur. The A2 
horizon is often absent due to cultivation. This soil always occurs slightly lower in the 
landscape from the Herbert and Macknade soils on the levees and slightly higher than 
Catherina. 

Toobanna is a major soil in the study area and is one of the major cane 
producing soils. It occurs on the alluvial plains throughout the older river alluvia. The 
soil is mainly a soloth with lesser solodic soils and minor solodized solonetz. The 
surface is a dark loam fine sandy to clay loam fine sandy and a conspicuously bleached 
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A2 horizon with a mainly abrupt to clear change to a mottled yellow-brown and brown 
medium to heavy clay. Sandy D horizons are common. The dominance of fine sand in 
the relatively thick A horizon and the accumulation of manganiferous nodules in the 
lower A and upper B horizons are characteristic of this soil. Variability in pH occurs 
locally with solodic soils dominant towards the south-west, especially in the Stone River 
area. A dominance of coarse sand in the profile may occur, usually at the end of prior 
streams. 

A variant occurs in swamps where the A1 horizon is a structured humic loam 
over the normal A2 to B horizons. Toobanna always grades into Trebonne or Palm on 
upper slopes, and Hamleigh or Molonga on lower slopes. In coastal areas, it grades into 
Orient. The vegetation is mainly narrow leaf tea-tree woodland to open forest or 
grassland. 

Orient is a minor soil occurring mainly from "The Orient" property north to Palm 
Creek, with lesser occurrences in the Mandam area. This soil is situated on slightly 
raised areas adjacent to mangroves and saltpans. It is a soloth soil with a dark fine 
sandy loam to loam fine sandy surface and conspicuously bleached A2 horizon, with an 
abrupt to clear change to a mottled grey, yellow-brown and occasionally dark sandy 
clay to medium clay B horizon. Colours become paler at depth and sandy D horizons 
occur. Coarse, strong columnar structure is common in the upper B horizon. A dark 
upper B horizon and prominent coarse mottles and ferromanganiferous concretions in 
the B and D horizons and relatively thin light textured A horizon are characteristics of 
this soil. The vegetation is broad leaf tea-tree woodland. 

This soil grades into Toobanna in inland areas and occurs in association with 
Mandam soil. 

C, atherina is a minor cane producing soil on the alluvial plains of the more recent 
river alluvia. It is a grey non cracking clay with a dark light clay to silty clay surface 
grading into a mottled yellow-brown and grey medium to heavy clay. Sandy D horizons 
usually occur. This soil always occurs slightly lower in the landscape to the Ingham soil. 
The relatively thick, light clay textured dark A1 horizon and the regular occurrence of 
sandy D horizons at shallow depths distinguish it from other clay soils. Catherina grades 
into the Leach soil in the Ripple Creek area. 

All areas have been cleared to grow sugar-cane. 

Hamleigh is a major soil occurring low in the landscape on the older river alluvial 
plain. The Hamleigh area represents the largest single area of this soil type growing 
sugar-cane. This soil is a grey clay with a dark, hardsetting, massive or weakly struciured 
A1 horizon, usually with a very thin A l l  horizon. A sporadically bleached A2 horizon 
usually occurs and overlies a mottled, grey, strong blocky, medium to heavy clay. The 
pH of the subsoil can vary greatly from 5.0 to 9.0, but is usually medium acid to neutral. 
The soil has weak to moderate cracking and occasionally has gilgai development. 

The hardsetting, massive surface which distinguishes this soil, can vary greatly 
over short distances. The strong fine subangular blocky surface of Molonga soil is 
always associated. Humic gleys (Brae) often occur in depressions in the Hamleigh soil. 
Vegetation is mainly grasslands. 
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Molonga is a major soil that occurs in association with Hamleigh: Soil 
characteristics are similar to the Hamleigh soil except that the A horizon has medium 
to strong fine blocky structure. The vegetation is blady grass grassland or narrow leaf 
tea-tree open forest. 

The main limitations are wetness and soil physical condition, except this soil can 
be worked over a wider moisture range compared to Hamleigh. However, soil structure 
is degraded after continuous cultivation. 

Leach is a minor soil occurring in low lying areas from Hawkins Creek to the 
Seymour River (Ripple Creek sump) and minor areas near Macknade. It is a grey 
non-cracking clay with a dark medium clay surface grading into a strongly mottled grey 
heavy clay at depth. The soil is strongly structured throughout and is very strongly acid 
to medium acid except for a few, extremely minor areas where a pH 7.5 to 8.5 occurs 
at depth. This soil is similar to Molonga, except there is no A2 and mottling is more 
strongly developed in the Leach soil. 

Leach grades into Catherina soil type towards the Herbert River and the Ripple 
soil type abuts Leach towards Mount Gardiner. The vegetation is broad leaf tea-tree 
woodland usually with paper bark tea-tree present. 

The internal and surface drainage of,~this soil is very poor due to its position in 
the landscape. 

Mandam is a very minor soil found in swamps from "The Orient" property north 
to Palm Creek and Mandam area where prior streams of the older river alluvia have 
deposited light textured sediments close to the coast. This low humic gley, humic gley 
has a mainly gradational profile with a mottled dark sandy loam to loam fine sandy or 
humic loam surface grading to a strongly mottled, grey sandy clay loam to clay loam fine 
sandy subsoil with ferromanganiferous concretions. Paler colours occur at depth with 
prominent coarse mottles. Sandy D horizons occur. The profile is usually massive 
except for surface cast development and the subsoil is very strongly to extremely acid. 
The humic loam surface occurs in slightly depressed areas. The vegetation is broad leaf 
tea-tree dominant open forest to woodland on higher areas and weeping tea-tree open 
forest to woodland in low areas. 

This soil grades into Trebonne in inland areas and occurs in association with 
Orient. 

Brae is a minor soil occurring in swamps in the centre of clay depressions, mainly 
towards the coast. This soil has originated where organic matter has accumulated on 
the surface due to high water tables for extended periods. It is a humic gley with a 
hardsetting or soft dark humic loam surface, and a clear to abrupt change to a mottled 
dark and brown medium to heavy clay subsoil which becomes paler and more strongly 
mottled at depth. Brae soil always occurs in association with Hamleigh or Molonga 
and rarely Leach soil types. The vegetation is mainly paper bark tea-tree open forest 
to woodland. 
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8.3.6 Soils of the beach ridges 

Cassidy is found on beach ridges along the coast from Rollingstone to Lucinda 
and on isolated beach ridges well inland from the present coast from Mandam to the 
Seymour River. These beach ridges have developed under the influence of the south 
to north littoral drift. However, the northward migration of the Herbert River engulfed 
or fragmented earlier beach ridge systems. The largest areas occur at Forrest Beach just 
north of Palm Creek and just north of Victoria Creek. The fragmented ridges from 
Mandam to the Seymour River indicate previous shorelines. 

Cassidy is an iron podzol with a dark loamy sand to sandy loam surface grading 
into a A2 horizon which is usually conspicuously bleached. The sand B horizon is yellow 
to yellow-brown. Two or more B horizons are common and often overlie an orstein pan 
at depth. 

Two variants occur and both have B2 horizons absent. One is found on the 
frontal beach ridges. The other has developed in the swales where high watertables 
occur for extended periods. This latter variant has a humic surface over a dark sand 
which becomes paler at depth. 

The vegetation on the beach ridges is Acacia crassicarpa, Moreton Bay ash 
dominant open forest to woodland. 

8.4 Chemical and physical attributes of soils 

Fifty seven representative profiles from 34 soil types and some of the more important 
soil type variants were sampled and analysed. The remaining minor soil types were 
either not sampled or only bulk 0 to 0.1 m samples received limited analysis. The 
morphological and analytical data for the representative soil profiles are listed in 
Appendix V. 

Each profile was sampled at intervals of 0 to 0.1, 0.2 to 0.3, 0.5 to 0.6, 0.8 to 0.9, 
1.1 to 1.2 m. If a horizon boundary was found at these intervals, the sample was divided 
accordingly. The analytical methods used and general interpretations of the soil test 
results are outlined by Bruce and Rayment (1982). 

Within this section, most analytical results are presented as 10 soil groupings 
based on similarities of landform and profile morphology. Of the 57 profiles sampled, 
56 were from sites under native vegetation and one was from cultivated land. Groupings 
of sampled soil types are given in Table 3. A summary of values or ratings for 
laboratory attributes for the soil type groupings is presented in Table 4. 

8.4.1 Soil pH 

Surface 0 to 0.1 m soil pH values for all soils range from very strongly acid to slightly 
acid (4.6 to 6.4). 
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Table 3. Groupings of sampled soil types 

Group Soil types Area Involved Site numbers Description 

i Fox, YeLLarai, 158 $85, $86, $87 SoiLs deveLopedon~Lt 

2 Cad iLLah ,  ELLiot, HiLLview 16 886 $31, $62, $67, S82, Well drained so i ls  on 
Thorpe S88, $89, S93, S96 upper slopes of al luvial 

fans derived from 
granites and acid 
volcanic rocks 

3 Lugger, Arnot, Cudmore 19 735 $2, $7, SlO, S13, Poorly drained soi ls on 
Porter, Rungoo S21, s3g, $42, $45, Lower slopes of al luvial 

$51, $55, 575, sgo, fans der ived from 
$91, $95 granites and acid 

volcanic rocks 

BLuewater, Canoe, Lee, Ashton 19 544 

5 Manor, ALthaus, Lannercost, 27 657 
Ripple, Byabra, Yuruga, Senta 

6 Hawkins, Tinkle, Macknade, 18 695 
Herbert, Midway 

Lucy, Trebonne, Palm, Abergowrie i i  734 

8 Ingham, Toobanna, Orient, 40 150 
Catherina, HamLeigh, MoLonga, 
Leach 

9 Mandam, Brae 3 303 

S1, $20, $30, $34, 
$46, $54, $57, S6O, 
S65, $66, $71, $72, 
$76 

$3, $4, $5, $6, $8, 
$9, S l l ,  S12, S14, 
$19, 525, $26, $37, 
S47, $56, 558, $61, 
$64, $83, S92 

$16, $22, $24, $28, 
$33, $63 

$23, S27, S32, $36, 
$38, $40, $41, $44, 
$59, $78, $79, $97 

S15, S18, $29, $35, 
$43, $48, $49, $68, 
$69, $70, $74, $80, 
$81, $84, $94, $98 

$80, $52, $77 

Soils of the Levees, 
terraces and pr ior  
streams of the creek 
a l l u v i a l  plains 

Texture contrast soils 
of the creek alluvial 

plains 

Soils of the channel 
benches, Levees and 
terraces of the r iver  
a l l uv i a l  plains 

Soils of the pr ior  
streams ard relict Levees 
of the r iver  a l l uv i a l  
plains 

Texture contrast and 
c lay  s o i l s  of  the r i v e r  

~aLLuviaL p la ins  

Swamps oi ls  of the river 
a l l uv i a l  plains 

10 Cassidy 2 411 S17, $53, $73 Soils of the peach ridges 
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The soil pH reaction trends for the representative profiles of soils within the soil 
groups are given in Table 4. All moderately well drained to well drained soils and 
moderately to highly permeable soils (soil groups 1, 2, 3, 4, 6, 7, 10) have acid profile 
trends. 

Soils most strongly acid at depth are Mandam (pH 4.9 at 0.9 m) and Orient (pH 
4.4 at 1.2m). Other soils have pH less than 5.5 in the surface and subsoils such as 
Hillview, Lugger, Arnot, Cudmore and may have aluminium toxicity or calcium 
deficiency for crops. The relationship between pH and levels of aluminium saturation 
varies. Bruce et al. (1989a) reported that a wide range of variation in pH and 
aluminium saturations are influenced by varying ionic strength of the soil solution. This 
probably explains the variation between pH and aluminium in these soils. Bruce et al. 
(1989b) also found that A13 § activity was not necessarily the cause of poor plant growth. 
Low exchangeable calcium was found to be another cause of poor growth. 

Neutral to alkaline subsoils are associated with the duplex soils of the creek 
alluvial plans (Yuruga, Byabra) and the duplex and clay soils of the river alluvial plains 
(Toobanna, Ingham, Hamleigh, Molonga). In the main these duplex soils are neutral 
at 0.6 m in the profile with the exception being the Byabra soil at 0.3 m. The incidence 
of these neutral to alkaline subsoils is closely related to the rainfall pattern (Wilson 
1986). The areas of solodic soils (Yuruga, Byabra) and the alkaline phase of the 
Toobanna, Hamleigh and Molonga soils increases to the south and south-west which 
corresponds to the decrease in rainfall. Within a uniform climatic area there also 
appears to be a relationship between pH reaction trend and thickness of the A horizon 
in duplex soils (Wilson 1986). As the thickness of the A horizon increases, the 
maximum field pH within a profile to 1.2 m, decreases. Examples of these are the 
Toobanna, Yuruga, Byabra and Althaus soils. Toobanna has variable thickness of A 
horizon. Althaus, Yuruga and Byabra can all occur in association with the thickness of 
A horizon decreasing from Althaus to Byabra and a corresponding increase in field pH. 

Soils with pH < 5.5 would in general benefit from applications of lime to increase 
soil pH. Increased pH would help increase cation retention by increasing the nett 
negative charge of the soil (Gillman 1983, 1984). Lime application would also help 
alleviate aluminum toxicity and calcium deficiency. 

8.4.2 Electrical conductivity, chloride and sodicity. 

Sodicity is the ratio of exchangeable sodium and effective cation exchange capacity 
(ECEC) expressed as a percentage (ESP). 

For the surface soils exchangeable sodium levels do not exceed 0.43 meq/100g 
and most subsoils have values below 1.2 meq/100g. Only approximately 10% of the soils 
sampled had significant exchangable sodium levels in the subsoil. 

Some soils such as Molonga and Toobanna have strongly alkaline subsoil pH 
values. Baker (1983) showed that for similar soils in the Burdekin these strongly 
alkaline pH's are associated with sodic to strongly sodic subsoils. Similar results were 
found here with pH's up to 8.7 and ESP's of 50. 



Table 4. Soil f e r t i l i t y  ratings f o r  the so i l  groups 

Soil Depth Soi l  
Group (m) pH 

EC Cl% Sodicity ECEC 

Exchangeable Cations 

Ca Hq 
(meq lOOg "]) 

O.OtoO.1 
0 . 5 t o 0 . 6  
l . l t o l . 2  

O t o O . 1  
0 . 5 t o 0 . 6  
1 . 1 t o i . 2  

O t o O . I  
0 . 5 t o 0 . 6  

l . l t o l . 2  

O t o O . l  
0 . 5 t o 0 . 6  
1 . 1 t o i . 2  

O t o O . l  
0 . 5 t o 0 . 6  

1 . 1 t o l . 2  

6 0 to 0.1 
0.5 to 0.6 
1.1 to 1.2 

7 0 to 0. I  
0.5 to 0.6 

I . I  to 1.2 

10 

O to 0.1 
0.5 to 0.6 

1.1 to 1.2 

O t o O . 1  
0 . 5 t o 0 . 6  

1 . 1 t o l . 2  

O t o O . 1  
0 . 5 t o 0 . 6  
I . I t o 1 . 2  

Med acid to sl acid V low 

Str acid to sl acid V low 

Str acid to sl acid V low 

Str acid to sl acid V low 

V s t r  to med acid V low 
Str acid to sl  acid V low 
Str acid to neutral V low 

V str to str acid V low 

Str acid to sl acid V low 

Med acid to sl acid V low 

Str acid to s l  acid V low 
Med acid to s t r  a lk  V low to low 

Med acid to s t r  a lk  V low to med 

Str acid to sl acid V low 

Str acid to med acid V low 

Med acid to st acid V low 

Str acid to sl acid V low 

Str acid to med acid V low 

Str acid to med acid V low 

V str acid to med acid V low 

Str acid to mild alk V low to low 

Ext acid to str alk V low to med 

Str acid V low 
Ext acid to s t r  acid V low to med 
Ext acid to s t r  acid Low to high 

V low 

V low 

V Low 

V low 

V low 

V low 

V low 

V low 

V low 

V low 

V low 

V low to low 

V low to high 

V low 

V low 

V low 

V low 
V low 

V low 

V low 

V low to low 

V low to high 

Non sod 1.1 to 7.7 0.8 to 5.7 0.1 to 1.5 
Non sod to sod 1.4 to 2.8 0.1 to 1.4 0.3 to 1.1 
Non sod to sod 1.g to 2.7 0.2 to 1.5 0.6 to 1.7 

Non sod to sod 

Non sod to sod 

Non sod to sod 

Non sod 

Non sod to sod , 

Non sod to sod 

Non sod to str sod 

Non sod to str sod 

Non sod to str sod 

Non sod 

Non sod 
Non sod 

Non sod 
Non sod 
Non sod 

Non sod to sod 

Non sod to str sod 

Non sod to str sod 

0 . 8 t o 3 . 9  
0 . 7 t o 6  
0 . 9 t o 1 0  

1 . 6 t o 4 . 2  
1 . 6 t o 4 . 3  
0 . 9 t o 5 . 6  

0.8 to 6.9 
4.9 to 16, 

6 to 25* 

0.1 to 2.6 0.2 to 1.1 
<0.01 to 2.2 0.1 to 3.4 
0. I  to 4.2 0.2 to 5.5 

0.5 to 2.6 0.6 to 1.2 
0.03 to 2.1 0.3 to 1.9 

<0.01 to 3.5 0.3 to 2.6 

2.3 to 4.5 0.3 to 1.9 
0.3 to 7.7, 1.3 to 7.4, 

0.5 to 12, 3.1 to 11, 

7 to 12 2.8 to 8.5 2.3 to 3.6 
4.4 to 15 2.9 to 12 1.3 to 4.9 
3.5 to 15 1.8 to 11 1.5 to 6.6 

3.4 to 7.5 1.9 to 4.4 0.7 to 2.6 
1.5 to 5.3 0.7 to 2.5 0.5 to 2.4 
1.3 to 6.6 0.5 to 3.1 0.5 to 2.9 

2.7 t o  9.5 
6 to  13'  
7.1 t o  15 '  

1.2 to 5.6 0.8 to 3.1 
0.5 to 5.4* 2.5 to 6* 
0.6 to 6.5* 3 to 6.7* 

V low to low Non sod to sod 6 to 14 1.9 to 5.1 2.4 to 3.3 
V low to high Sod to s t r  sod 7.7 to 10 1.3 to 2.2 2.9 to 3.7 
Low to high Str sod 9.5 to 15 1.5 to 5.2 4.4 to 6.1 

Str acid V low V low Non sod 1.3 
Str acid V low V tow Non sod 0.3 

Low to med 
Low to med 

Low 

Low to med 
Low 
Low 

Low to med 
Low to med 

Low 

Low to med 
Low to med* 

Low to med* 

Low to med 
Low to med 

Low to med 

Low to high 
Low to med 

Low to med 

Low to high 
Low to med* 
Low to med* 

Medto high 
Med 
Med 

O. 5 0.2 Low 
O. I 0.01 Low 

* B h o r i z o n s  o n l y .  



Table 4. Soil f e r t i l i t y  ratings f o r  the so i l  groups 

Soil Depth Exchange Org C 
Group (m) Aluminium/ 

ECEC (%) 

Total N Total S Acid P Bicarb P 

Mn 

DPTA 
Trace elements 
Cu Zn 

0.0 to 0.1 
0.5 to 0.6 
1.1 to 1.2 

2 0 to 0.1 0 to 2 V low to reed 

0.5 to 0.6 0 to 50 

1.1 to 1.2 0 to 44 

3 0 to 0.1 0 to 69 Low to high 

0.5 to 0.6 0 to 52 
1.1 to 1.2 0 to 48 

0 to 0 . I  0 to  29 Low to med 

0.5 to 0.6 I to  58 - 
1.1 to 1.2 0 to 45 - 

0 to 0.1 0 to 30 Low to med 

0.5 to 0.6 0 to 14 - 

1.1 to 1.2 0 to 7 - 

0 to 0.1 0 to 1 Low to high 

0.5 to 0.6 0 to 2 - 

1.1 to 1.2 0 

7 0 to 0.1 1 to 10 Low to reed 

0.5 to 0.6 1 to 36 

1.1 to 1.2 '1 to 21 

8 0 to 0.1 0 to 27 Low to high 

0.5 to 0.6 0 to 21 
1.1 to 1.2 0 to 13 

10 

0 to 0.1 14 to 32 Med to high 

0.5 to 0.6 12 to 39 - 

I . I  to 1.2 7 to 9 - 

V low to tow 

V low to low 

V low to low 

V low to low 

Low to high 

Low 

V low to high 

Low to high 

0 to O. 1 28 Low Low 

0.5 to 0.6 63 - - 
1.1 to 1.2 - - 

Low 

Low 
Low 

Low to med 
V low to low 
V low to low 

Low 
Low 
V low to low 

Low 
V low to low 

V low 

Low to high Med to high Med to high 

V low V low 

V low V low 

V low V low 

V low V low 

Low to med 

Low 

Low 

Low to v high Low to med 

Med to high 

Med to high 

Med to high 

Med to high 

Med to high 

Low to med V low to low V low to low High 

Low - - - 

V low to low - - - 

Low to high V low to low V low to med 

Low - - 

V low to low - 

Med V low to high V low to high 

Low 

Low 

Low V low V low 

Low 

Med to high 

Med 

Med 

Med 

Low to med 

Low 

Low to med 

Low to med 

Med 

Med 

Low to med 

Low to med 

Low 

Med 

V low to low 

Low to med 

Low to med 

V tow to med 

Med to high 

Med 

Low to high 

Low to med 

Low 

L~ 
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Mean ESP values are shown in Table 5. Most of the soils with strongly sodic 
subsoils occur on the alluvial plains (groups 5, 8, 9). This group of soils consists of 
soloths, solodic soils, solodised solenetz, clay soils and humic gley soils. Only the Ripple 
and Leach soils are non-sodic and both occur in a wet environment in the north of the 
Ingham area. The Toobanna soil has the highest ESP of 53.5% at 1.2 m but variability 
is high. A maximum ESP of 16.9% occurs in another profile in the same soil type. 

Table 5. Mean exchangeable sodium percentage (ESP) for the soil groups 

Depth Soil Group 

(m) 1 2 3 4 5 6 7 8 9 10 

0 to 0.1 4 4.6 2.7 5 1.8 2.1 6.8 6.9 6.2 
0.5 to 0.6 5.4 5.4 4.9 15.1 2.8 2.2 14.9 13.9 7.4 
1.1 to 1.2 5.5 , 6.9 6.1 12.6 4.4 2.8 23.5 19.8 

All soil types on the alluvial plains, except the Manor, Yuruga and Hamleigh 
soils, have magnesium as the dominant cation in the subsoil. In the Manor, Yuruga and 
Hamleigh soils, calcium is either dominant or co-dominant with magnesium (see table 
6). 

Soil survey staff (1951) have indicated that advanced weathering of clays releases 
magnesium. The same process may occur in this area, especially in the soloths. Soil 
groups 1, 2, 3," 4, 6, 7, 10 have very low to low exchangeable sodium levels and these 
soils are not expected to have toxicity effects on plant groups. Similar magnesium 
dominant soils found by Thompson et al. (1981) and Wills and Baker (1988) for soils in 
the Proserpine and Plane Creek areas. 

Subsoils of the soils developed on the channel benches, levees, terraces, prior 
streams and relict levees of the river alluvial plains (groups 6 and 7) are non sodic. The 
ESP values of the subsoils for the soils of the alluvial fans (groups 2 and 3) and the soils 
of the levees, terraces and prior streams of the creek alluvial plains (group 4) range 
from non sodic to sodic but values and exchangeable sodium levels are low (less than 
0.5 mg/100g) 

A majority of the soils have low to very low electrical conductivity (EC) and 
chloride values throughout the profile with all soils having low to very low values at the 
surface. 

Some soils have medium to high EC and chloride values at depth (see Table 4). 
The Byabra soil has a medium EC of 0.82 dS m 1 and a high chloride of 0.097% at 
1.2 m. Medium values occur at 0.9 m. The Yuruga soil has a low EC and a medium 
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chloride of 0.037% at 0.9 m. The Toobanna soil has very low to low EC values at 
depth, with low to medium chloride values of 0.011 to 0.053%, at depths greater than 
0.6 m. The Byabra, Yuruga and Toobanna soils with medium to high EC or chloride 
values are all solodic soils. 

The Orient soil has a medium EC of 0.73 dS m 1 and a high chloride of 0.095% 
at 1.2 m. The Mandam soil has a medium EC of 0.84 dS m 1 at 0.6 m increasing to 1.6 
dS m 1 at 1.2 m. Chloride values increase from 0.033% at 0.3 m to 0.175% at 1.2 m. 
Both Orient and Mandam soils occur adjacent to the marine influence. 

8.4.3 

Gypsum was not found in any profiles. 

Effective cation exchange capacity (ECEC) and exchangeable cations 

ECEC was determined by summation of exchange acidity and exchangeable cations; 
calcium (Ca), magnesium (Mg), sodium (Na) and potassium (K) as described by Bruce 
and Rayment (1982). The range of ECEC and exchangeable cations are shown in Table 
4 while Table 6 shows the mean values with mean Ca/Mg ratios. 

ECEC varies considerably over the suite of Ingham soils but is related to clay 
percentage and organic matter. For example ECEC ranges from 0.3 meq/100 g in the 
subsoil of Cassidy (3% clay)to 15 meq/100 g in the Hamleigh subsoil (40% clay). 
Surface soil ECEC is affected markedly by organic matter levels. Sites other than the 
subsoils of duplex soils and clayey soils have a higher ECEC levels at the surface than 
in the subsoils. For example Hillview, Thorpe, Lugger, Arnot, Bluewater soils. 
Exchangeable cations, especially calcium, show a surface accumulation corresponding to 
organic matter content, especially in low ECEC soils. In the duplex subsoils (Althaus, 
Lannercost, Ripple, Yuruga, Byabra, Toobanna) ECEC increases with corresponding 
increase in exchangeable cations, particularly sodium and magnesium. 

ECEC of clay subsoils in soloths (Althaus, Lannercost) of the creek alluvial plains 
range from 5 meq/100 g to 8.7 meq/100 g, while the clay subsoils in the solodic and 
solodized solonetz soils (Yuruga, Byabra) in the creek alluvial plains have an ECEC 
of 16 meq/100 g to 25 meq/100 g. Relative age, past leaching and weathering of clay 
minerals in these soils could explain these differences in ECEC. A further example is 
when the 'young' soils of the levees, channel benches and terraces along the Herbert 
River (group 6) are compared with the relatively older soils of the relict levees and prior 
streams in the Herbert River delta (group 7). The subsoil ECEC of the group 6 soils 
(Herbert and Midway) range from 9.5 meq/100 to 15 meq/100 g while the group 7 soils 
(Abergowrie, Palm, Trebonne) range from 3.1 meq/100 to 6.6 meq/100 g. 

In soils where pH is less than 5.5 throughout the profile the percent exchangeable 
aluminum of the ECEC ranges from 2 to 80%. Where exchangeable aluminium 
becomes toxic, generally in soils with pH < 5.0, yield depressions in crop yield will occur 
and this may also be involved with calcium deficiency. 

For all the soils sampled, exchangeable cations and CEC was determined by an 
alternative method using alcoholic 1M NH4C1 at pH 8.5 (Rayment and Bruce 1982). 
Gillman (1979) showed that this method overestimates CEC on acidic soils with variable 
charge. They indicated the differences between these CEC methods was an indication 
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Mean effective cation exchange capacity (ECEC), exchangeable Ca, Mg 
and Ca/Mg ratio for the soil groups. 

Soil group Depth (m) ECEC Ca Mg Ca/Mg 

4 

6 

7 

8 

9 

10 

0 to 0.1 
0.5 to 0.6 
1.1 to 1.2 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 06 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

3.5 
2.0 
2.3 

2.2 
2.0 
3.7 

3.4 
2.7 
3.3 

3.1 
7.8 
11 

9.0 
9.8 
11 

4.9 
3.6 
4.0 

6.3 
8.5 
7.7 

10 
9.1 
12 

1.3 
0.3 

2.4 
0.9 
0.7 

1.1 
0.6 
1.3 

1.9 
0.9 
1.1 

1.8 
3.0 
4.4 

5.5 
6.2 
6.2 

3.0 
1.5 
1.9 

2.8 
2.3 
2.1 

3.5 
1.8 
3.4 

0.5 
0.1 

0.8 
0.7 
1.0 

0.6 
1.0 
2.2 

1.0 
1.2 
1.5 

0.9 
3.2 
4.7 

3.0 
3.1 
3.9 

1.4 
1.3 
1.6 

2.0 
4.1 
3.5 

1.2 
3.3 
5.3 

0.2 
0.01 

3.8 
1.3 
0.9 

1.8 
0.6 
0.7 

1.9 
0.9 
0.7 

1.9 
0.8 
0.8 

1.9 
2.3 
1.7 

2.1 
1.2 
1.2 

1.3 
0.6 
0.6 

1.1 
0.6 
0.6 

2.2 
6.0 
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of the relative amount of variable charge in a soil. Gillman (1983, 1984) also showed 
that the negative charge associated with acidic soils which is responsible for cation 
retention is dependent on soil pH. If pH becomes too acidic (< 5.0) the soils' ability to 
retain cations is reduced. In such soils dominated with variable charge, management 
must aim to raise soil pH by liming, thus reducing the amount of aluminium present in 
the soil solution. The increase in pH obtained increases the negative charge on the soil 
surface for retention of cations against leaching. 

For all acid soils, CEC is greater than ECEC. This is especially evident in the 
highly leached soils (groups 2, 3 and 4) and acid soils with high organic matter (group 
9). An example in the 0 to 0.1 m sample of the Arnot soil with a CEC of 18 meq/100 
g (organic C 2.8%) compared to an ECEC of 2.5 meq/100 g. 

8.4.4 Particle size analysis 

Clay percentages are extremely variable and depend upon the soil type and position in 
the landscape. Table 7 shows the mean percent coarse sand, fine sand, silt and clay for 
the soil groups. 

Generally, the clay percentage of soils increases as the distance from streams, 
levees and prior streams increases. Lighter textured soils occur adjacent to stream 
channels, on levees and on prior streams, while clay soils and duplex soils occur on the 
more distant alluvial plains. 

Proportion of coarse sand, fine sand, silt and clay soils are very characteristic of 
the rock types or sediments from which the soils are derived. The soils on the alluvial 
fans (groups 2, 3) derived from granite (72% of the area of alluvial fans) have a high 
proportion (30 to 60%) of coarse sand and fine gravel and usually less than 10% silt, 
while the soils derived from the fine grained acid volcanic rocks have a higher 
proportion of fine sand throughout the profile. 

The soils on the creek alluvial plains (groups 4, 5) have a wide range of particle 
sizes but generally have a high proportion of coarse sand (>25 to 30%) with the 
proportion of fine sand and silt being higher than the granite soils in groups 2 and 3. 
These soils (groups 2, 3) are derived from the hills, mountains and the alluvial fans. 
The particle size analyses indicates that a higher degree of sorting has taken place. 

Particle sizes dominated by fine sand and silt, except in the heavier clay soils, 
characterise soils of the river alluvia (groups 6, 7, 8, 9) and again indicating a high 
degree of sorting. 

The soils of the beach ridges (group 10) are dominantly coarse sand uniformly 
throughout the profile, indicating sorting by wind and wave action. 
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Mean percent coarse sand (CS), fine sand (FS), silt (S) and clay (C) for 
the soils groups 

Group Depth (m) CS (%) FS (%) S (%) C (%) 

4 

5 

6 

7 

8 

10 

0 to 0.1 
0.5 to 0.6 
1.1 to 1.2 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

0 
0.5 
1.1 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

to 0.1 
to 0.6 
to 1.2 

57 
34 
31 

46 
40 
38 

49 
43 
44 

32 
28 
29 

7 
13 
18 

26 
24 
30 

12 
10 
21 

7 
5 
6 

89 
89 

21 
16 
28 

34 
32 
29 

27 
31 
38 

36 
29 
25 

46 
43 
31 

43 
41 
39 

32 
36 
37 

41 
36 
41 

6 
7 

12 
10 
13 

15 
12 
12 

15 
12 
11 

21 
15 
14 

26 
22 
25 

18 
12 
12 

29 
21 
13 

19 
19 
12 

9 
26 
28 

7 
16 
19 

13 
21 
17 

15 
30 
29 

24 
28 
28 

16 
23 
18 

27 
33 
24 

29 
42 
37 
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8.4.5 Clay activity ratio 

The types and proportions of clay minerals in a soil have a strong bearing on soil 
structure, water holding capacity, swelling and cracking characteristics and the ability to 
hold nutrients. No determinations of clay minerals are available for the survey area but, 
using ECEC/clay ratios, attempts are made to indicate soil groups which are dominated 
by a particular clay mineral. 

The clay activity ratio (CAR m equiv, per g. clay) was calculated for the 0.5 to 
0.6 m and 1.1 to 1.2 m samples. Surface layers were ignored because organic matter can 
dramatically effect ECEC. CAR for all soils varies from 0.04 to 0.68. Table 8 shows the 
mean CAR values for the soil groups. Soils of the alluvial fans (groups 2, 3) (except 
Porter soil type) have consistently low clay activity ratios of 0.04 to 0.24, indicating a 
high proportion of kaolinitic clays. The Porter soil has higher activity ratios (0.4 to 0.61) 
indicating a contribution from smectites. The higher CAR corresponds to an increase 
in exchangable cations, particularly sodium and magnesium and slightly higher pH 
values. 

The soils of the creek alluvia (groups 4, 5) have values ranging from 0.09 to 0.68. 
All acid soils have values < 0.4 with a majority < 0.3, indicating predominantly kaolinitic 
clays. The alkaline Byabra and Yuruga soils are consistently higher, indicating a 
contribution from the expanding lattice minerals such as smectite. Slickensides due to 
the movement of peds against one another, have been observed in the Yuruga soil. 

Table 8. Mean clay activity ratio (m equiv per g. clay) for the soil groups. 

Depth Soil Group 

(m) 1 2 3 4 5 6 7 8 9 10 

0.5 to 0.6 0.11 0 . 1 3  0.13 0.25 0 . 4 3  0.17 0.29 0 .25  0.09 
1.1 to 1.2 " 0.12 0.24 0.19 0.37 0.44 0.22 0.32 0.41 - 

Soils of the river alluvial plains (groups 6, 7, 8, 9) are derived from sediments 
of mixed origin. Recent alluvial soils of the levees and channel benches (group 6) have 
higher activity ratios (0.23 to 0.62) than the "older" soils (group 7) on the relict levees 
and prior streams (0.12 to 0.34). This may reflect a weathering process or a contribution 
of sediments from different origins. The remaining imperfectly to poorly drained soils 
(groups 8, 9) have a clay activity ratio ranging from 0.12 to 0.56 with higher values 
generally corresponding to the neutral and alkaline soils. 



40 

8.4.6 Available soil water capacity 

Available water capacity (AWC) was calculated as the difference between water held 
at -33kPa and -1500kPa pressure, as determined in the laboratory on a sieved/ground 
soil sample. 

For all soils, AWC is related to ECEC and clay % and particularly ECEC in 
the surface soil, where organic matter has accumulated. 

Values at the surface range from 3% in the sands of the beach ridges to 39% in 
the surface of a humic gley. All soils show higher AWC values at the surface due to 
organic matter. 

In the subsoil, AWC values range from 2% in the sandy soil on the beach ridges 
to 20% in the Herbert soil reflecting clay percent and ECEC. 

8.4.7 Total phosphorus and potassium 

Total phosphorus levels in all soils range from 0.001% in the Arnot soil to 0.071% in 
the Herbert soil, with values generally decreasing down the profile. Table 9 shows the 
mean total phosphorus levels for the soil groups. 

Levels of total P appear to be related to the parent material, leaching 
environment and the relative age of the soils. The soils of the alluvial fans (group 2, 
3) have Total P values ranging from 0.001 to 0.023% with the poorly drained soils on 
the lower slopes having lower values (see Table 9), corresponding to a more severe 
leaching environment. 

Table 9. Mean total phosphorus (%) levels for the soil groups. 

Depth Soil Group 

(m) 1 2 3 4 5 6 7 8 9 10 

0 to 0.1 0.018 0.012 0.02 0.016 0.045 0.027 0.036 0.059 0.01 
0.5 to 0.6 0.017 0.008 0.013 0.009 0.037 0.016 0.012 0.016 0.011 
1.1 to 1.2 0.018 0.008 0.011 0.012 0.035 0.014 0.022 0.01 

The soils of the creek alluvial plains (group 4, 5) whose sediments are derived 
from the hills, mountains, alluvial fans have a similar range (0.04% to 0.027%) to groups 
2 and 3. 

Of the river alluvia (group 6,7,8,9) which have been derived from sediments of 
mixed origin, total P values range from 0.01 to 0.71% which, are on average, higher 
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than the previous soil groups discussed. The mol:e recent soils on the levees, terraces 
and channel benches (group 6) have higher values (0.019% to 0.071%) than the older 
soils (group 7) on the relict levees and prior streams (0.011% to 0.036%). This may 
reflect the age of the soils or different sediment origin. The imperfectly to poorly 
drained soils of the river alluvia (group 8, 9) generally have a similar range of lower 
values to the soils on the relict levees and prior streams (group 7) (see Table 9). 

The total potassium levels are extremely variable, ranging from 0.27% in the 
Cudmore soil to 3.79% in the Arnot soil. Although these soils often occur in 
association, the variation at these sites is probably due to parent material and/or relative 
age. These principles may generally account for the high variability in the alluvial fan 
soils. 

The remaining alluvial soils show less variability and range from 0.77% to 3.55%. 

8.4.8 Extractable phosphorus 

Extractable phosphorus in non-fertilised soils is extremely variable. Acid extractable 
phosphorus (acid P) values range from 2 ppm to 121 ppm, while bicarbonate extractable 
phosphorus (bicarb P) values range from 2 ppm to 100 ppm. Except for the Herbert 
soil where acitl P was higher than bicarb P, both acid P and bicarb P provided similar 
estimates of soil P availability. Table 10 shows the mean acid P and bicarb P levels for 
the soil groups. 

Table 10. Mean acid extractable phosphorus (AP) and bicarbonate extractable 
phosphorus (BP) levels for the soil groups. 

Depth Soil Group 

I 2 3 4 5 6 7 8 g i0 
(m) AP* BP* AP BP AP BP .AP BP AP BP AP BP AP BP AP BP AP BP AP BP 

B10** 36 65 6 7 5 5 5 6 5 5 46 17 7 8 12 13 22 20 5 4 
0 t o  0.1 - 4 5 6 6 4 6 5 6 61 20 6 8 10 13 46 44 4 4 

0.1 to  0.2 - 3 7 3 5 3 3 2 2 48 13 4 5 3 6 13 17 3 3 

* AP and BP Levels in ppm 
* *  BlO is a bulk surface sample 0 to 0. I  m. 

All soils on the alluvial fans (groups 2, 3), creek alluvial plains (groups 4, 5) and 
beach ridges (group 10) have very low values (< 11 ppm P). Only Fox and Yellarai 
(group 1), Herbert, Macknade (group 5) and Brae (group 9) soils have high (>40 ppm 
P) values for acid P or bicarb P and only scattered sites from the poorly drained soils 
of the river alluvial plains (group 7) have medium (20 to 40 ppm P) values at the 
surface. 

The high levels of extractable P in the basaltic soils (Fox, Yellarai) indicates a 
relatively unweathered soil and/or a soil formed on a relatively young basalt flow. This 
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is in contrast to the highly weathered basaltic Pin Gin soil in the Innisfail area where 
P values at 0 to 0.1 m are 10 ppm (Murtha 1986). 

High levels occur in the geologically recent Herbert and Macknade soils. The 
P values in the Brae soil may reflect the accumulation of organic matter at the surface. 
In all soils, extractable P remains constant or decreases by 0.2 m depth. 

8.4.9 Carbon, nitrogen and sulphur 

Organic carbon levels for all soils range from 0.4 to 4.6%. Levels are generally low in 
light textured soils but are dependant upon the vegetation type. The more open 
eucalypt woodlands with sparse ground layer vegetation on the alluvial fans, creek 
alluvia and beach ridges have the lower organic carbon values. The higher values 
(> 3%) all occurred on grey clay soils with dense grass cover with the highest value of 
4.6% occurring on the Brae soil (humic gley). 

The total nitrogen values for the surface samples range from 0.03 to 0.48% and 
follow a similar trend to vegetation cover and organic carbon. 

All soils show a decrease in carbon and nitrogen values between the 0 to 0.1 and 
0.1 m to 0.2 m depths. Table 11 shows the mean organic carbon, total nitrogen and 
carbon/nitrogen ratios for the soil groups. Carbon/nitrogen ratio (C/N) for all surface 
soils range from 9 to 25 with mean C/N ratios generally greater than 15 for the less 
fertile soils (groups 2, 3, 4, 5, 7). Within group 8, texture contrast soils have a C/N 
ratio greater than 15 while the clay soils have a C/N ratio less than 14. 

Total S values at 0 to 0.1 m, range from .005 to .052% with the soils of the river 
alluvial plains consistently having higher values. The 1.1 to 1.2 m values for all, soils are 
very low to low. The higher total S in the surface horizons and the highest total S 
values in the clay and humic gley soils suggests an organic sulphur association with 
organic matter. 

8.4.10 Trace elements 

Levels of DPTA extractable trace elements in surface soils are highly variable. Copper 
levels range from 0.1 ppm to 3.8 ppm. The soils on the alluvial fans (groups 2, 3) and 
beach ridges (group 10) are consistently low (< 0.4 ppm) while the basaltic soils (group 
1) and the soils on the channel benches, terraces and levees of the river alluvial plains 
(group 6) are consistently higher (1.6 ppm to 3.8 ppm). 

Zinc levels for all soils are variable ranging from 0.1 ppm to 10.2 ppm with the 
soils of only the river alluvial (except Orient and Mandam soils) having consistently 
higher values of 1.2 ppm to 10.2 ppm. 

Iron levels range from 9 ppm to 458 ppm. The basaltic soils (group 1) and soils 
of the alluvial plains (group 8) and swamps of the river alluvia (group 9) have the 
consistently highest values of 60 ppm to 458 ppm. 
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Mean organic carbon (OC), total N (TN) and carbon/nitrogen ratio (C/N) 
for the soil groups 

Soil group Depth (m) OC (%) TN (%) C/N 

1 0 to 0.1 
0.1 to 0.2 

2 0 to 0.1 1.6 0.09 15 
0.1 to 0.2 

3 0 to 0.1 1.2 0.06 18 
0.1 to 0.2 0.8 0.04 20 

4 0 to 0.1 1.4 0.08 18 
0.1 to 0.2 1.0 0.05 21 

5 0 to 0.1 1.2 0.07 17 
0.1 to 0.2 0.7 0.04 15 

6 0 to 0.1 1.6 0.16 13 
0.1 to 0.2 1.4 0.1 15 

7 0 to 0.1 1.6 0.1 16 
0.1 to 0.2 1.0 0.06 17 

8 0 to 0.1 2.4 0.17 14 
O. 1 to 0.2 1.2 O. 1 14 

9 0 to 0.1 3.2 0.31 11 
O. 1 to 0.2 2.4 0.31 8 

10 0 to 0.1 0.7 0.07 10 
0.1 to 0.2 0.8 0.05 16 

Manganese levels for all soils are moderate to high with values ranging from 
4 ppm to 179 ppm. Waterlogging of soils for long periods should be avoided as this 
could increase the chances of manganese toxicity. 
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9.1 Introduction 

Agriculture in the district is dominated by the sugar industry. Other important industries 
are forestry, beef cattle and small crops such as melons and pumpkins. Less important 
crops include maize, sorghum, rice, pineapples, citrus, papaws, bananas, lychees and 
mangoes. 

Lands not used for arable agriculture are mainly under native vegetation or 
improved pastures and used for beef cattle production. 

9.2 Agricultural Crops 

The sugar industry in the Herbert River district has 41 536 ha of assigned land supplying 
cane to the CSR Victoria and Macknade mills. The number of growers is 476 and 216 
for the Victoria and Macknade mill areas respectively. The number of growers is 
decreasing through farm amalgamation. The average farm size is 57 ha and 65 ha for 
the Victoria and Macknade mill areas respectively. 

Cane is grown mainly in the area surrounding the mills and extending along the 
Herbert River to Abergowrie and along the Stone River to Upper Stone. Cane has also 
extended south from Yuruga to Crystal Creek. 

The average long term yield per harvested area is 76.8 t /ha for the Victoria mill 
area and 71.5 t /ha for the Macknade mill area. Variations in the average yield are 70 
to 89.7 t /ha and 58 to 85.6 t /ha for the Victoria and Macknade mill areas respectively. 
The average long term commercial cane sugar content (ccs) for both mills is 13.5% with 
a variability of 11.89% to 15% for Victoria and 11.81% to 14.9% for Macknade. The 
average long term sugar yield for both mills is 10.2 tonnes 94 net titre sugar/ha (BSES 
personal communication). 

The main varieties of cane in both mill areas are Triton (44.1% Victoria, 61% 
Macknade) and Cassius (12.2% Victoria, 23.2% Macknade). The area of assigned land 
under Cassius, which is suited to better than average soils, is remaining steady, while 
Triton, which is suited to poorly drained soils, is decreasing. The variety Ql15 is suited 
to a wide range of soils and is increasing in area. The larger number of varieties grown 
in the Victoria mill area, compared to the Macknade mill area, indicates the wider 
variety of soil types. 

The long term yield decrease of 0.52 tonnes cane/harvested ha/year (Wood 1985) 
can be attributed to soil degradation and expansion on to land with more severe 
limitations and some early plough out and replant which will decrease yields in the crop 
cycle. This yield decrease is offset by the use of new varieties with higher ccs, 
increased fertiliser applications, benefits of new land and an increase in harvested area. 
New cultivated land will always yield better than old cultivated land on similar soil types. 
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Since 1960, nitrogen application rates to sugar-cane have increased 111%, 
phosphorus 400% and potassium 30%. The current BSES fertiliser recommendations 
for most soils are 120 kg N, 20 kg P, 50 kg K/ha for plant cane and 180 kg N, 20 kg P 
and 70 kg K/ha for ratoon cane. 

Over the whole area, yield per assigned area is increasing and ccs decreasing, 
resulting in a constant sugar yield. Farmers aim to maximise production on assigned 
land resulting in smaller areas of fallow land and increased harvested area (Figure 4). 
The percentage harvested area to assigned area has increased from approximately 72% 
in 1965 to 90% in 1988. 
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Figure 4. Area harvested and area assigned for the two Herbert mills, 1965 to 1988 

Sugar-cane with its many varieties, will grow well on a wide range of soils. No 
simple soil/crop yield relationship is evident. Generally, higher yields and/or lower 
production costs are associated with the well drained and relatively fertile soils 
(Abergowrie, Palm, Herbert, Macknade soil types), while the poorer yields are 
associated with very wet (Cudmore, Arnot, Porter, Orient, Brae, Mandam soil types) or 
the very dry soils (Cassidy, Hawkins soil types). The variation in yield for any given soil 
reflects both seasonal variation as well as individual farmer expertise. 
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Ban~mas are grown in the Dalrymple Creek area. Only Mons Mari and Williams 
varieties are grown. Yields range from 2130 to 5000 cartons/ha. 

Avocados, citrus and papaws have similar requirements in this study area. 
Avocados and papaws are grown in very small areas throughout the district. 

Mangoes are grown commercially in small areas, mainly in the Upper Stone area 
and from Crystal Creek to Rollingstone. The main variety is Kensington Pride. 

The area planted with lychees has increased dramatically in recent years but 
individual areas are small and scattered. The main varieties are Tai So and Kwai May 
Pink (B3) with yields from mature trees (20 year old trees) expected to be 14 000 kg/ha. 

Approximately 21 500 ha are planned for development under exotic pines in the 
Ingham to Cardwell area. The region has a large resource of crown land which is 
located close to outlets and markets and has suitable soils, topography and climate. 
Pinus caribbaea (caribbean pine) is the species best suited to the wet tropical coast. 

Exotic pines are shallow rooted with approximately 90% of their roots in the top 
0.25 metres. Exotic pines are best suited to deep medium textured soils, but trees are 
particularly susceptible to water stress during the establishment phase. Pinus species can 
utilise low nutrient soils. Phosphorus fertiliser is normally applied, and occasionally 
nitrogen, copper, zinc, boron and sulphur are applied on the more nutrient deficient and 
highly leached soils. Pine trees are sensitive to salinity with an electrical conductivity 
of 0.2 dS m "1 (1:5 water at 25~ being an acceptable limit (Bevege and Simpson 1980). 

Maize is grown to a small extent in the Ingham and Abergowrie areas, while 
small areas of forage sorghum are grown throughout the district. Grain sorghum and 
sweet corn are very minor crops. 

Expected yields are 3 to 5 t /ha for maize and 2 to 4 t /ha for grain sorghum. 
Sweet corn yields should be 800 to 1200 cartons/ha, with approximately 30 cobs/carton. 

Soybeans are grown to a small extent, mainly by cane growers on fallow blocks. 
Expected yields are 1.75 to 2.5 t/ha. Planting is from mid December to mid January 
and harvested in May. An early or late wet season could create planting or harvesting 
problems. Pest control is important. 

Peanuts and sweet potatoes have potential as dry season crops. Rotation is 
necessary to reduce pest problems. 

Rice is grown on approximately 200 ha annually, mainly south of Ingham. Yields 
are 3 t/ha. The crop is planted in December to January and harvested in May to June. 
Weed and pest control is generally more expensive than the Burdekin region because 
of the wetter climatic conditions. 

Watermelons and pumpkins are mainly grown by cane farmers on spare land. 
Tomatoes are a minor crop, while capsicums, rockmelons and beans are potential crops. 
All these crops are dry season crops. 
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Pineapples are grown on approximately 100 ha in the Crystal Creek to 
Rollingstone area, mainly for the local fresh fruit market. Both the rough leaf and 
smooth leaf varieties are grown on a three to four year crop cycle. 

The tea industry in north Queensland is presently in an expansion phase. Current 
yield levels in the industry are about 3000 kg/ha. Tea requires at least 2000 ram/year 
rainfall. Areas with an average annual rainfall more than approximately 2000 mm occur 
north of Ingham. Light frosts, which generally occur south and south-west of Ingham, 
will burn the leaves and defoliate tea plants. The result is a slight to moderate 
restriction on plant growth and production. 

Beef cattle in the district are grazed mainly on native pastures. Approximately 
200 holdings within the Hinchinbrook Shire run cattle. A majority of these are small 
herds operated by sugar-cane farmers. There are 44 properties solely producing beef 
cattle.. 

Properties occupying lease hold land are largely based on native pastures, due to 
the rugged nature of a large proportion of this country and the short term tenure. 

Four studs, Burnside Pty Ltd., The Orient (Tropical Cattle Pty Ltd), Mungalla Pty 
Ltd, and Timrith Stud, have extensive pasture improvements. Many of the properties 
engaged in sugar-cane and cattle have been improved with sown pastures. Para and 
pangola grass are the main species. 

Improved pasture establishment requires nutrient applications. Phosphorus 
deficiency is widespread on the alluvial soils, with significant growth responses to 
calcium, copper and molybdenum (Teitzel and Bruce 1973a). Improved pastures on the 
beach ridges show growth responses to phosphorus, potassium, calcium, zinc, copper, 
molybdenum, sulphur and boron (Teitzel and Bruce 1973b). Fertilisers containing 
phosphorus, copper, potassium, zinc, calcium and occasionally sulphur are required for 
pasture establishment on the granitic soils (Teitzel and Bruce 1971b). 

Wetness is the main limitation affecting the suitability of grass and legume species 
for improved pastures. Signal and guinea grass are suited to the well drained soils, 
while para grass, Paspalum plicatulurn and Brachiaria humidicola are suited to poorly 
drained soils. Pangola and kazangula setaria are suited to a range of soils in between 
well drained and poorly drained. The most important legumes used in conjunction with 
grasses include Centro, Puero, Hetero, Siratro and Calopo, while Stylo is used mainly 
on native pastures. Centro, Puero and Hetero are suited to poorly drained soils. 
Adaptable species can also be grown on saline soils. 

9.3 Irrigated land use 

Irrigated cropping within the study area is restricted mainly to small areas of sugar-cane, 
melons and pumpkins. Sugar-cane is usually irrigated to assist establishment of the plant 
and ratoon crops. Irrig~ition is by overhead sprays with water supplied mainly from 
streams. 
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Irrigated rice requires impermeable soils on slopes <0.75% (Thompson 1977). 
The soils with extensive areas of low uniform slopes and impermeable subsoils are 
Manor, Althaus, Larmercost, Ripple, Byabra, Yuruga, Hamleigh, Molonga and Leach. 

No plans exist for large scale irrigation schemes or water storages in the "district. 
Some kind of supplementary water supply for crops grown during the water deficit 
period from June to November, would be of value. At this time of year, most creeks 
have stopped flowing and irrigation relies on the Herbert River, subsurface water and 
dam storage. 

As mentioned in section 6.2, only 400 ML of groundwater, out of a potential 
52 000 ML, is pumped for irrigation. Much of the developed caneland is situated over 
water bearing strata. However, it is unlikely that the groundwater will prove to be a 
completely adequate source of irrigation water, although it has the potential to make a 
major contribution to sugar-cane and other crops in the district. 

9.4 Methodology and interpretation of data 

9.4.1 Assessing land suitability 

A soil survey of the study area delineated 1626 unique map areas (UMAs). 

The UMAs have been individually assessed for their relative suitability for 
growing sugar-cane, bananas, papaw, mango, lychee, citrus, avocado, rambutan, tea, 
vegetables, cucurbits, pineapple, maize, sorghum, sweetcorn, soybean, peanut, sweet 
potato, rainfed rice, Pinus caribbaea and improved pastures using the land suitability 
classification scheme described in Appendix VI. 

The significant limitations to production were identified for each UMA. The 
severity of each limitation was assessed on a 1 to 5 scale (Appendix VII)o The land was 
then placed into one of the five suitability classes: �9 

Class 1 
Class 2 
Class 3 
Class 4 
Class 5 

Suitable with negligible limitations 
Suitable with minor limitations 
Suitable with moderate limitations 
Marginal/presently unsuitable 
Unsuitable 

The significant limitations to production in the Ingham study area were identified 
following discussions with BSES, CSR, industry groups, Forestry Department, QDPI, 
farmers, a literature review and field experience gained during the study. 

The suitability classes and relevant limitations to production of the various crops 
have been recorded on the UMA record file (Appendix IX). 
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9.4.2 Use of suitability classes 

Land has a wide range of properties which affect yields, costs and efficiency of 
production and land degradation. The land suitability classification is a simplification 
of these complex interactions. 

In general, as the degree of limitation increases, yields decline and/or costs of 
production increase and thus efficiency declines. However, the farmer has a major effect 
on yield and economic efficiency and it cannot be assumed that the highest yields will 
always be achieved on class 1 land. Lands with the same suitability class for a crop may 
have different yields and/or production costs because of inherent soil properties. 

Considerable information is lost when simplifying the resource inventory into land 
suitability classes, hence the classes should be interpreted with care. 

9.4.3 Effective agricultural land 

The effective agricultural land factor (EALF) is intended to account for loss of land to 
headlands, drains, soil conservation works, general infrastructure and small unmapped, 
unusable areas such as creeks and gullies. For every hectare of suitable land, only a 
proportion will be used for arable cropping or tree crops or pastures, and this proportion 
varies according to the mapping unit, type of limitation, land use and land suitability 
class. 

For some limitations, as the severity increases, more land is consumed in 
overcoming that limitation. For example, wetter soils require a greater density of drains; 
increased erosion hazard requires more erosion control measures. However, the 
amount of land consumed in overcoming a limitation is also dependant on the crop. In 
general, arable crops require more land to overcome limitations such as rockiness, 
erosion and topography. Whereas tree crops are less sensitive and pastures are very 
tolerant, so little land will be lost in overcoming the limitation. Some UMAs vary 
greatly in the amount of land lost to creeks and gullies. Therefore, the EALF will vary 
between UMAs with similar mapping units and crops. 

Effective agricultural land factors are recorded on the U M A  record file 
(Appendix IX). 

9.4.4 Mapping assigned land 

The sugar-cane assigned land was mapped so that location, size and relative suitability 
of assigned and unassigned land could be compared. 

The assigned land was delineated in June 1982, onto aerial photographs (scale 
1:28 000). These were compiled onto 1:50 000 working maps and overlaid onto the 
UMA working maps. In each UMA, the area of land assigned to each mill was 
measured with a digitiser and the area of unassigned land calculated. Plots of the 
assignment information may be obtained from the Director, Land Resources Branch. 

Assigned land is measured by mill cane inspectors at a scale of 1:4000, thus the 
digitised areas measured at 1:50 000 overestimate the actual assigned area. In order to 
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estimate the actual assigned area, the 1:50 000 measured area was compared with that 
measured by the cane inspectors at 1:4000 and this ratio was called the mill factor. The 
mill factor varies between the two mills because of errors and the different proportions 
of mapping units within each mill area. 

9.4.5 Storing and extracting data 

Data is stored in a UMA record file and in a site data file. 

The UMA record file consists of 4 record types. Record type 1 contains location 
data and land resource inventory. Record 2 to 4 contain the land suitability assessment 
of the various crops. Record type 4 contains the UMA areas, cane assigned areas, mill 
factors and EALFs. The UMA codes are described in Appendix VIII and the UMA 
record file is given in Appendix IX. 

All the data can be manipulated and extracted in any combination. It can be 
printed out in tables or in an overlay form. 

Using the tabular form of data presentation, the required information can be 
sorted into groups, listed, areas calculated and statistically analysed. 

Using the overlay method of data presentation, a plotter plots any of the UMA 
data at the grid coordinate of the UMA labelling points. The plot can then be overlaid 
on an appropriate base map. 

The information on computer files can be accessed through the Director, Land 
Resources Branch, D~partment of Primary Industries, Meiers Road, Indooroopilly. 4068. 

9.5 Speeifieatious for agricultural uses 

A brief outline of the land use specifications of the agricultural crops for which 
suitability was assessed are described in Appendix X. Specifications briefly outline the 
climatic adaptations, soil requirements, management practices, varieties and yield. 
Specific tolerance levels for each limitation are listed in the suitability classification 
scheme (Appendix VI). 

9.6 IJmitafions to agriculture 

Rainfed agriculture within the study area will be affected by the following 

Climate 
Water Availability 
Soil Nutrient Supply 
Salinity 
Wetness 
Flooding 
Landscape Complexity 
Soil Physical Condition 

limitations: 
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Topography 
Rockiness 
Water Erosion 

These limitations affect crop production through influences on crop growth, 
machinery operations and land degradation. 

9,6.1 Climate 

The suitability of any area for growing a particular crop depends primarily upon the 
area's climate and whether the crop can grow in that climate. 

The climate varies over the study area, but it is difficult to compare climate 
within the area because of the shortage of recording stations. Rainfall and temperatures 
were assessed for particular areas and then allocated to UMAs. 

High humidity is associated with the incidence of disease, and high or low 
temperatures may prelude or diminish the quality or quantity of production of certain 
crops. 

Annual rainfall was used as an indicator ot; high humidity for extended periods. 
Disease problems are associated with crops such as mangoes, avocados, peanuts, 
vegetables and cucurbits. Vegetables, cucurbits and peanuts are dry season crops only. 

Mean daily maximum temperatures exceed 25~ for all months but minimum 
temperatures may limit crop growth from June to August, especially for cold sensitive 
crops such as rambutan. The incidence of frosts on the lowland increases to the west. 
However, frosts are generally light and are not considered to be a significant limitation 
to most crops. Exceptions are some horticultural crops and tea. 

Strong winds from cyclones cart cause severe damage to crops. Crops which may 
be affected by winds during the summer period are sugar-cane, tree crops and rice. 
Tree crops are particularly sensitive when soils are saturated. 

9.6.2 Water availability 

Crop growth depends initially on climate, which not only dictates water input through 
rainfall, but the crop requirement through evapotranspiration. The soil water balance, 
which is of fundamental importance to agricultural production, is the result of the 
interaction between soil, landform, plant and climate. Besides determining plant. 
available water, the soil water balance also determines run-off and deep drainage, which 
in turn, are the keys to erosion and loss of nutrients from the system. 

Attributes which determine available soil water include soil texture, pedality, 
minerals in the clay size fraction, organic matter, grade of structure, depth, infiltration 
rate, permeability, salinity, sodicity, compaction, occurrence of impermeable layers, rock 
and the effective rooting depth of a crop. 

Williams et al. (1983) and Greacen and Williams (1983) stated that soil moisture 
is associated with the presence of pedality, particle size composition and grade of 
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structure. The presence or absence of pedality is, for many soils, associated with 
increasing texture. Montmorillonite, iron oxide, vermiculite and quartz were the 
minerals in the clay size fraction which appeared to be important. Williams suggested 
that illite must be present in much larger quantities than montmorillonite before 
substantial effects on water retention are observed. Prebble and Stirk (1959) suggest 
that the iron oxide minerals are frequently found in soils with a high porosity containing 
large stable pores. 

Strong positive correlation exists between the lower level of available water and 
clay content (Greacen and Williams 1983). Increasing clay content shifts the moisture 
characteristics towards high water contents at all potentials, usually only having minor 
influence overall on available soil moisture. Structural pore space dominates water 
retention near the upper level of available water. 

Cavazza et al. (1973) showed that the application of a suction of -33 kPa to 
sieved soil samples gives an average close to field capacity. Laboratory results of 
available water capacities (difference between -33 and -1500 kPa) have a strong 
relationship to clay percentage and effective cation exchange capacity, with organic 
matter being an overriding influence in the surface (see Section 8.3). Gupta and Larson 
(1979) used regression models to estimate, with reasonable accuracy, water retention 
characteristics from particle size distribution, percent organic matter and bulk densities. 
Salter et al. (1966) reported that available water c~tpacity of a soil is positively correlated 
with fine sand percentage and negatively correlated with percent coarse sand. 

Organic carbon percentage shows a dramatic decrease following cultivation, when 
cultivated and uncultivated soils are compared (Wood 1985). This reduction in organic 
matter would result in reduced structure, increased surface sealing and increased run-off, 
decreased infiltration and reduced available soil moisture. Soil compaction caused by 
mechanical means has a similar effect, particularly in the silty and fine sandy soils 
(Hurney 1983). 

In this wet tropical coast area, high intensity rainfall mobilises large amounts of 
detached material. Greacen and Williams (1983) reported that onmassive red and 
yellow earths under high intensity rainfall, surface hydraulic properties decline through 
surface sealing. Crop residues and mulches are effective means of stabilising the 
hydraulic properties of the soil surface. The massive earths and massive surfaced duplex 
soils of the study area would be expected to act in a similar way. 

The permeability of the soil will influence the rate of wetting in the profile, 
wetting depth, drainage below the rooting zone and runoff. The permeability of a soil 
is indicated by texture, structure, exchangeable cations, pH and dispersibility. The low 
hydraulic conductivity of the grey clays, soloths and solodic soils in the Ingham area 
(Dick 1982) would be due mainly to the sodic clay subsoils. Vega (1977) reported crop 
yield reductions on strongly sodic soils. The main effect is to limit soil water storage by 
limiting infiltration and permeability through increased dispersion and altering the pore 
size distribution (Abrol et al. 1978). 

The soloths, solodic soils and solodised solonetz in the study area have coarse 
structure which is unstable due to high levels of exchangeable sodium and magnesium. 
The poor water entry, internal drainage and possibly poor aeration and high soil strength 
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would explain why most plant roots on sodic soils have been observed to occur in the 
A horizon and upper B horizons. Gardner and Coughlan (1982) reported that limited 
exploitation of available subsoil water may be due to soil properties limiting root growth 
in the subsoil. Properties such as soil strength, salinity and aeration. 

Soil water recharge via cracks in clay soils is a function of rainfall rate and soil 
properties (Smith et al. 1983). Weak to moderately cracking gley clay soils occupy large 
areas of the Ingham lowland. Once the cracks have closed, water entry is dramatically 
reduced. Tillage would reduce water entry via cracks. 

An estimate of the depth of the active root zone is necessary to predict plant 
available water capacity. Shaw and Yule (1978) found the maximum rate of increase 
of chloride with depth was a useful prediction of the depth of wetting and therefore, root 
zone. Reid et al. (1979) and Gardner and Coughlan (1982) found the depth of peak 
chloride was a better estimate. Mullins (1981) and McCown et al. (1976) also used EC 
and salt profiles to predict the depth of wetting. 

Chloride levels in the Ingham lowland soils are generally low and only rise to 
high levels (>0.06%) at 1.2 m on the solodic soils, solodised solonetz. This would 
generally be below the rooting depth of most crops, especially when these soils are 
strongly sodic at 0.6 to 0.9 m. 

Observations indicate that approximately 80% of cane roots occur in the surface 
0.3 m but roots effectively utilise moisture to 0.9 m (Nielsen personal communication, 
Kingston 1973). Field crops such as maize and sorghum are thought to have a similar 
root profile. Exotic pines are shallow rooted with approximately 90% of the roots in the 
top 0.25 m but roots effectively utilise moisture to greater depths (Forestry Department, 
personal communication). Most tree crops and tea are deep rooted but some marcotted 
species, such as lychees, have a proliferation of surface roots. Soybeans, peanuts, 
vegetables and pineapples are all shallow rooted crops. 

All these factors have been considered when assessing the water availability of 
a soil. In general, structured, medium to fine textured non sodic soils have high 
available soil water. Uniform, massive medium textured soils and strongly sodic soils 
with medium textured surfaces have moderate available soil water. Massive light 
textured soils and strongly sodic soils with light textured surfaces have low available soil 
water. The deep sands of the beach ridges have very low available soil water. 

Suitability ratings generally follow these soil groupings in association with the 
occurrence of stone, the crop rooting depth and crop growing season (see Appendix VI). 

9.6.3 Soil nutrient supply 

Assessment of the nutrient availability limitation is intended to take account of nutrient 
deficiency, toxicity, sorption and leaching. 

All soils in the study area require fertiliser application for the long term 
production of crops. Standard fertiliser applications of nitrogen, phosphorus, potassium 
and calcium will correct these deficiencies. However, some soils require special nutrient 
applications to correct deficiencies before optimum crop growth is achieved. Copper 
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and zinc deficiencies are common problems on the granitic and beach ridge soils (Teitzel 
and Bruce 1971b, 1973b). Analytical analysis of these soils supports this (see Section 
8.4). Other deficiencies which may occur on these soils are molybdenum, sulphur and 
boron. 

On strongly acid soils, manganese and aluminium toxicities may result in sensitive 
crops due to increased solubility (Thompson et al. 1983). In an acid environment, Mn 2+ 
is found in solution and on the exchange complex and is readily available. The 
waterlogging of acidic soils further increases available manganese. Intensive reduction 

�9 Mn2+ of sotls (waterlogging) followed by oxidation causes the reduced manganese ( ) to 
' ' 3 +  4 +  �9 �9 be oxldlsed (Mn , Mn ) and precipitated (Mohr et al. 1972). The result is an 

increase in easily reducible manganese oxides and an increase in manganese availability 
(Willett 1983). The main zone of manganiferous segregation accumulation in a soil 
corresponds to the zone where the water table fluctuates regularly. That is, the 
predominantly reduced and oxidised horizons. Manganiferous segregations accumulate 
in several Ingham lowland soils, particularly in the lower A upper B horizons of the 
texture contrast soils (Wilson 1982). 

Increased exchangeable aluminium has occurred in cultivated land over time 
when compared to uncultivated land (Wood 1985). High levels of exchangeable 
aluminium,( >30% ECEC) only occurs when soil pH is less than 5.5 (see Section 8.4). 
This is confirmed by Hayson et al. (1986) who examined cane yield responses to lime 
application on low pH soils or soils with high exchangeable aluminium levels in the 
Ingham area. Although sugar cane (Hetherington et al. 1986) and tea (Eden 1965, 
Harler 1956) are tolerant to aluminium, other crops may be sensitive to aluminium in 
the highly leached, strongly acid soils of Arnot, Cudmore and the humic soils of Brae 
and sometimes Arnot. Wood (1984) reported very high levels (>50% of ECEC) of 
exchangeable aluminium in a number of very strongly acid soils under cane cultivation. 
Although aluminium may be a limitation to growth of some crops, no measurements are 
available on the concentrations of the types of aluminium ions which cause toxicity. 

Nutrient sorption can be a problem on acid soils or soils high in organic matter. 
Phosphorus sorption arises on acid soils where iron oxides are positively charged and 
attract anions such as phosphate and often react strongly with them (Taylor et al. 1983). 
The amount of phosphorus retained by iron oxides depends on the amount available, 
surface area of the oxides, pH, competition for the surface charge by organic matter and 
other anions. Phosphate sorption is reduced by the competitive influence of the 
negatively charged organic matter. The cation exchange capacity of organic matter and 
therefore, the ability of surface soils to retain nutrient cations, can be considerably 
decreased by interaction of the organic matter and iron oxides. Also, if organic matter 
is removed by erosion, the iron oxides cannot retain cations. Phosphate sorption may 
occur on the iron rich basaltic and granitic soils but no measurements are available. 

Aluminium oxides behave in a similar way to iron oxides and have the ability to 
sorb phosphate. At low solution concentrations, phosphate will be sorbed onto the edges 
of gibbsite crystals while at higher concentration, precipitation will occur (Norrish and 
Rosser 1983). Aluminium becomes more soluble at lower pH (Raupach 1983). 

In acid soils, a luminum hydroxy polymers occupy exchange sites on organic 
matter. These hydroxy-aluminium species are in the active form and would be able to 
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react with phosphate (Norrish and Rosser 1983). This fact could possibly explain the 
high phosphate sorption ability of some of the Arnot and Brae soils (Wood, personal 
communication ) which have high organic matter in the surface. Also, the highly 
weathered Arnot soils have a soil pH <5.5 where aluminium oxides could be a 
component. 

Many trace elements, such as copper, zinc, cobalt, iron and manganese, react with 
organic matter in soils and often cannot be exchanged easily from soils (Beckwith and 
Butler 1983). 

Nutrient leaching is influenced by rainfall, rates of evaporation at or near the 
surface, hydraulic conductivity, sorption reactions, the nature of the nutrient (anion or 
cation), cation exchange capacity and the capacity of plant roots to explore the soil 
profile. 

Rainfall and evaporation have obvious effects on the rate and amount of nutrient 
leaching. For example, Williams and Probert (1983) describe the leaching of nitrate in 
a red earth following rain. 

Infiltration rates at the surface and hydraulic conductivity in the profile (as 
discussed in wetness limitation) will influence the rate of movement of nutrients. 

Nutrient sorption reactions (as discussed above) will influence the loss of 
nutrients by leaching. The leaching of anions (NO~, HPO~, SO 4) is markedly influenced 
by absorption reactions (Ladd and Russell 1983). These vvould increase with increasing 
positive charge, and would be associated with decreasing organic matter, increasing iron 
and aluminium oxide concentrations and decreasing soil pH. 

The exchange capacity, which is a measure of a soil's ability to hold ions under 
defined conditions, is influenced by the amount and nature of the clay mineral, organic 
matter and by metal oxides. Cations (K, Ca, Mg, Na, H, Al) are held by the negative 
surface charge of clay minerals and organic matter. 

Some soils in the Herbert River lowland contain a high proportion of variable 
charge (see Section 8.4). Gillman (1983, 1984) has studied variable charge soils in the 
Innisfail district. In these soils, a significant portion of charge on the particle surfaces 
is dependant upon pH and the concentration and composition of the solution in contact 
with these surfaces. Protons are able to dissociate from or associate with surface 
function (principally hydroxyl) groups to give negative or positive charge as solution 
conditions change. Most soils consist of a mixture of variable and permanent charge 
components. In the surface, organic matter contributes significantly to the negative 
charge. In cultivated soils where soil pH is low due to nitrogen fertiliser or in the 
subsoil of undisturbed soils, negative surface charge decreases while positive charge 
increases, resulting in little capacity to retain cations. Management should aim to raise 
organic matter levels or raise soil pH by lime applications. Lime may be relatively short 
lived due to leaching and addition of acidifying nitrogen fertilisers. Organic matter is 
readily broken down over the summer wet season. 

Since 1960, nitrogen application rates to sugar-cane have increased 111%, 
phosphorus 400% and potassium 30%. Application rates exceed crop removal with no 
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soil build up of nutrients (Nielsen, personal communication). The BSES soil monitoring 
sites in the Ingham area indicate a decrease in nutrients. The fate of the excess 
nutrients, particularly nitrogen and phosphorus, is unknown. Denitrification of nitrogen 
fertiliser under waterlogged conditions during the wet season could account for losses. 
The decline in calcium, magnesium and potassium levels is thought to be related to a 
decrease in the exchange capacity of the soil (Wood 1985). The decrease in soil organic 
matter and soil pH under cultivation would contribute to the decrease in exchange 
capacity and increased leaching. 

Nutrient leaching problems are suspected but there is a lack of knowledge on 
the fate of nutrients in the Herbert River lowland soils. 

9.6.4 Salinity 

Soluble salts affect plants through the osmotic effects on water uptake, nutritional 
imbalance and toxicity caused by specific ions such as sodium, chloride, bicarbonate, 
boron (Loveday and Bridge 1983). Besides the differences in the tolerance of plant 
species, the plant responses to salt are conditional on climate, evapotranspiration, 
moisture regime of the soil, composition of the salts, nutrient status of the soil and soil 
physical properties (particularly permeability). 

Northcote and Skene (1972) in preparing their map of saline and sodium soils in 
Australia defined the following broad categories for soil salinity. 

Non saline : No chloride salinity (as defined by surface and subsoil). 

Surface salinity: Soils containing in their A horizons or in the top 0.2 m of the A 
or A and B horizons containing more than 0.1% NaC1 (600 ppm C1) 
in loams and coarser soils and more than 0.2% NaC1 (1200 ppm C1) 
in loams and clays. 

Subsoil salinity : Soils lacking surface salinity but containing more than 0.3% NaC1 
(1800 ppm C1) in the B horizon or below 0.2m if the A and B 
horizons are undifferentiated. 

Electrical conductivity (EC) measurements are more useful because they include 
all salts. Methods of soil salinity measurements include 1:5 soil water suspension, 
saturation extract, earth resistance and electromagnetic induction. 

Whilst EC 1:5 is a convenient laboratory measure of the salt content of a soil, 
measurements of EC saturation extract gives a more useful measure of plant response. 
Shaw et al. (1986) outlines the inter-relationships between these measures. Shaw also 
outlines various soil salinity criteria and categories used by various workers. 

Bresler et al. (1982) and Mass and Hoffman (1977) reviewed salt tolerance of 
crops. The relative salt tolerances for a range of plants (Shaw et al. 1986) have been 
used to determine suitability subclasses (Appendix VI). 

Bevege and Simpson (1980) reported the development of salinity in coastal 
regions near Maryborough, Bundaberg and Byfield following plantation establishment 
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to Pinus elliotii and P. caribbaea. Salt damage to newly established pines can occur 
where soil conductivity (1:5 soil water at 25~ is as low as 0.2 dS m ~ and this level has 
been adapted to delineate areas at risk prior to preparation for planting. 

Once a salt area is recognised, the aim of reclamation is to leach the salts out of 
the rooting profile while retaining soil permeability. On impermeable soils, permeability 
can be improved by the addition of a soluble form of calcium to exchange sodium on 
the soil exchange. The need to provide salt water disposal can be achieved by local 
surface drains to protect saline areas from additional saline run-off water, deep rooting 
vegetation on catchment areas to increase evapotranspiration and therefore, lowering the 
watertable and sometimes deep drains to intercept groundwater. Deep drains will lower 
the watertable and encourage leaching. 

Once an area is reclaimed, the problem is to maintain and control the 
groundwater levels. This control and leaching is easily maintained under dryland 
farming. 

Minor salinity problems occur in the Ingham area under two circumstances. One 
occurs as primary or natural salinity, as a result of marine intrusion and the other occurs 
as secondary salinisation at the base of seepage slopes. 

Primary salting occurs in coastal areas, particularly in the low lying soils such as 
Mandam, Orient and occasionally Brae. Mangrove areas are unsuitable for 
development, while the Mandam, Orient and Brae soils are currently unsuitable because 
of the difficulty in lowering the watertable and disposing of the water. 

Secondary salinisation has occurred in the Upper Stone and Yuruga areas (BSES, 
personal communication) as a result of clearing vegetation on the alluvial fans. Some 
of the soils on the alluvial fans in these areas have originated from acid volcanic rocks 
containing plagioclase feldspars. These feldspars could be contributing to the salinity. 
Clearing of the vegetation on the slopes has resulted in seeps forming at the base of the 
slopes where impermeable soils occur. The impermeable soils are the Yuruga and 
Byabra solodic soils and solodised solonetz which have moderate salt and moderate to 
high chloride levels at 0.9 to 1.2 m under natural conditions. The surface of the salt 
affected cane soils have low to high chloride (0.015 to 0.01%) and electrical conductivity 
(0.15 to 1.8 dS m "1) levels (BSES data). 

More salinity problems are likely to occur as development continues on the 
Yuruga and Byabra soil types and adjacent alluvial fan soils in the Stone River to 
Rollingstone area. 

The Toobanna soil type (soloth, solodic soil, solodised solonetz) occasionally has 
moderate EC and C1 levels at 0.9 to 1.2 m. This soil occurs on level alluvial plains and 
salt problems are not likely to be a problem unless the hydrology of the soil is to 
change, as for example in irrigation. However, a small area of sugar-cane is affected by 
salting near the Forrest Beach road. 
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9.6.5 Wetness 

The Ingham area is located at the southern end of the Wet Tropical Coast and it is 
within this region, that significant yield losses are attributed to poor drainage. Land 
suitability takes into account the adverse effects of excess water on production through 
the reduction in crop growth and quality, restrictions on the use of machinery and the 
need for reclamation works. 

The relationship between sugar-cane yield and fluctuating water tables has been 
well documented. Gosnell (1971) obtained optimum sugar cane growth when the 
watertable was deeper than one metre, while Juan and Uehara (1971) obtained best 
cane growth when the watertable was deeper than 0.8 metres. Maclean (1977) had 
significant cane yield reductions when the watertable was closer than 0.6 metres of the 
soil surface. The accepted watertable depth to minimise yield losses is 0.5 metres or 
more below the soil surface (Dick 1982). Rudd and Chardon (1977) reported a 
reduction in yield of 0.46 tonnes/hectare for every day the watertable was less than 0.5 
metres from the soil surface. 

The assessment of land suitability depends on predicting excess water in the 
profile and on the surface. Buol et al. (1973) and Fitzpatrick (1971) discuss the 
relationship between soil attributes and drainage. Wilson (1982) established a 
relationship between soil attributes, watertable heights and sugar-cane yields in the 
Ingham area. Soils with negligible limitations to sugar-cane growth are indicated by red 
and brown colours with few or no mottles. Marginal, currently unsuitable, soils are 
indicated by the presence of 40 to 50% mottles or mottles larger than 15 mm or 
prominent mottles or red mottles at 0.5 m. Fluctuating watertables are also indicated 
by the presence of segregations, such as manganiferous nodules and concretions, while 
paler soil colours indicate increased periods of waterlogging. 

Soil drainage can be indicated by soil attributes such as structure and texture and 
laboratory data such as exchangeable cations, pH, salinity and dispersability ratios. 
Topographic features, such as slope and position in the landscape, can also be used to 
predict excess water. 

Permeability is reduced with increasing clay content by decreasing the proportion 
of large pores (Greacen and Williams 1983). The magnitude of hydraulic conductivity 
at the upper limits of available water is largely determined by structure. Structure, as 
reflected in ped size, shape, arrangement, stability and orientation, determines the nature 
of the macropore space and consequently saturated hydraulic conductivity and runoff. 
The surface horizons normally have higher hydraulic conductivity than the horizons 
below, often because of the biological activity and increased structure development. In 
such situations, the depth of these more permeable surface horizons is important. 

The limited hydraulic conductivity of sodic soils is through structural instability 
and dispersion and alteration of the pore size distribution (Abrol et al. 1978). Strongly 
sodic subsoils are often associated with high soil pH. As discussed in the section on 
available water, various workers have used chloride, EC and salt profiles to predict the 
depth of wetting. The accumulation of salts in a soil in this high rainfall region would 
indicate a limited depth of wetting and therefore poor hydraulic conductivity. 
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Soil drainage and permeability categories for the soil types. 
, .  

Soil drainage 
SLowly permeable 

Soil Permeability 
Moderately permeable High permeable 

Very poorly drained 

Poorly drained 

Imperfectly drained 

Moderately well 

Well drained 

Rapidly drained 

Brae Mandam 

Ripple, Orient, Arnot, Rungoo 
Leach, Brae 

Couch, Cudmore, Byabra, Lugger, Arnot, Rungo O, 
Rungoo, Senta, Porter, Ashton, Lee, Trebonne 
Stone, Manor, Ingham, 
Althaus, Toobanna, 
Lannercost, Catherina, 
Yuruga, Hamleigh, Ripple, 
Molonga 

Midway YeLLarai, Thorpe, 
Canoe, Palm, Midway, 
Macknade 

Herbert, Macknade, 
Thorpe, Canoe, 
CadiLlah, Lucy, 
Abergowrie, Palm 

Arnot, Lugger 

Lugger, Ashton 

Macknade 

Fox, HiLLview, 
Bluewater, Tinkle 
Hawkins, Macknade, 
Lucy 

Cassidy, ELLiot 

Topographic features need to be considered when assessing the degree of 
suitability. Water disposal is critical. The flat and often low lying topography of the 
creek and river alluvial plains in the Ingham area creates problems with the lateral 
disposal of water. The sloping soils of the alluvial fans have less severe disposal 
problems. Low lying areas adjacent to the marine influence have a difficult and costly 
water disposal situation. , 

All these factors have been considered when assessing soil drainage and 
permeability as defined by McDonald et aL (1984). The soils of the Ingham area have 
been placed into the various drainage and permeability categories (Table 12). 

Crop sensitivity to wetness is the overriding criteria for determining suitability. 
In general, the horticultural crops such as avocados, citrus, papaws, mangoes, vegetables 
and pineapples require good drainage. Lychees, bananas, exotic pines and annual crops 
such as maize and sorghum, have a moderate tolerance to wetness. Sugar-cane has a 
very wide tolerance, while rice and soybeans will tolerate poorly drained soils. Different 
pasture species are adapted to different soils. Tea is very sensitive. 

The timing of mechanical operations such as cultivation and harvesting, is an 
important consideration. Soybeans and rice are wet season crops in the Ingham area. 
Harvesting operations can be severely restricted on poorly drained soils. Banana 
production requires all year round mechanical operations for disease and weed control 
and harvesting. This makes mechanical operations sensitive to waterlogging although 
the plant is moderately tolerant. Tea also requires all year round mechanical operations. 
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Other crops, such as sugar-cane, maize, sorghum, peanuts, sweet potatoes, vegetables and 
cucurbits have mechanical operations during the dry season. 

The soil drainage and permeability categories, topography, crop sensitivity and 
flexibility of mechanical operations have been used to assess the suitability subclasses 
(see Appendix VI). 

9.6.6 Flooding 

Flooding is defined here as over-flow from natural water courses as distinct from surface 
water ponding due to insufficient drainage capacity. 

The flood attributes which affect agriculture are the depth and duration of 
inundation, velocity, rate of water level rise, time of year and frequency of occurrence 
(Lawrence et al. 1982). The extent to which a flood becomes damaging is largely 
dependant upon the type of crop. 

An evaluation of the severe flooding in the Mulgrave and Babinda areas in 1977, 
showed the major variables influencing yield losses of sugar-cane were the size of the 
crop when flooded, period of submergence of the growing point, cane varieties and the 
characteristics of the water such as the strength of the current and silt content. Tolerant 
varieties can withstand complete submergence for three to four days (BSES 1977). 

Subsequent problems of flooding include an increased incidence of weeds and 
diseases and difficulties with machinery operations. The deposition of sand and silt or 
the removal of topsoil and scouring has resulted in many cane assignments being 
transferred away from flood prone land. There should be an awareness that, against the 
agricultural benefits of farming on the flood plain, there are costs associated with 
flooding which must be considered. 

Floods in north Queensland are mainly associated with cyclones or monsoonal 
activity, with major floods in the Ingham area usually associated with cyclones and heavy 
rainfall in the upper catchment (Cameron McNamara 1980). Heavy rainfall in the 
Herbert River delta area usually results in minor flooding of limited duration. 

Major flood management activities to date have been river improvement, channel 
improvement and repair of flood damage to stream banks and alignment (Fenwick 
1982). Most River Improvement Trusts have seen the rectification of this damage as 
their first priority. 

Agricultural development has expanded onto the more fertile flood prone land. 
However, damage has increased with the resultant increase in the need for repairs and 
maintenance. The "Herbert River Flood Management Study" (Cameron McNamara 
1980) outlines flood plain management options but few land use and development 
options are available. Land management should aim at stabilising the flood plain in 
high risk areas. This includes not clearing and cultivating within 40 metres of the river 
bank, maximising height and cover of crops during the flood prone time of the year to 
protect the soil against water scouring, and establishing permanent pastures where 
deposition and scouring regularly occur. 
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General flooding occurs over the whole delta area downstream of the confluence 
of the Stone and Herbert Rivers. Agricultural damage in this area is mainly from 
inundation from relatively slow velocity water. 

Upstream of the confluence of the Herbert and Stone Rivers, the floods are 
mainly restricted to the relatively narrow channel benches. Water velocities are higher 
and it is here where sand and silt deposition regularly occurs and bank erosion and 
scouring is most severe. The lower channel benches are the most severely and most 
regularly affected. 

It is only on the channel benches that the flooding limitation has been noted but, 
due to the complex nature of the topography of these channel benches, only the lower 
channel benches have a more severe limitation (Appendix VI). 

The soil types regularly affected by floods are Herbert, Macknade, Tinkle, 
Hawkins and occasionally Midway. Herbert and Midway soils occur on the upper 
channel benches and terraces and are less affected by floods. The Tinkle soil occurs in 
the upper catchment and is usually associated with rock and is of little importance to 
arable agriculture. The Macknade soil occurs on the lower channel benches and is 
prone to scouring due to the sandy subsoil. The Hawkins soil is mainly situated on the 
lowest channel bench and is associated with sand deposition. This latter soil is 
particularly unstable. 

Several areas along the Herbert River should not be developed for agricultural 
purposes. These include the islands of Macknade or Hawkins soils in the river channel 
or on the lower channel benches, and the Gairlock and Halifax washaways. In all these 
areas, the natural tree vegetation should be maintained. 

Crop damage depends on its susceptibility to flooding. Sugar-cane is moderately 
tolerant of inundation and different varieties will vary. Horticultural crops, such as small 
crops (melons, pumpkins, tomatoes, capsicums), avocados, papaws, pineapples, citrus and 
mangoes are very sensitive to flooding. Tea is also very sensitive. Bananas and lychees 
are more tolerant and will withstand flooding for short periods. Other crops, such as 
maize, sorghum and soybeans are sensitive. 

9.6.7 Landscape complexi{y 

Effective management of suitable land requires that an area of land is practical to utilise 
for a particular use. The size of production areas may be limited by complex soil 
patterns or where land is dissected by creeks and gullies. Small and/or narrow and/or 
isolated land offers restrictions on farm layout, and the efficiency and ease of machinery 
u s e .  

Assessment is based on the size, accessability and proximity of adjoining suitable 
land. When the area of contiguous suitable soil in a UMA is not a minimum production 
area, the area of any contiguous suitable soil in adjacent UMAs is also included in the 
assessment of production area size. Criteria relating to production area size is 
dependant on the type of agricultural enterprise. For example, field crops, such as 
maize and sorghum, will be more severely affected on small areas than high value 
horticultural crops (see Appendix VI). 
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The soils of the hillslopes and the upper slopes of the alluvial fans are 
consistently affected by dissected land. The Thorpe, Lugger and Arnot soils on the 
lower slopes of the alluvial fans are usually less dissected by creeks and gullies. This is 
in contrast to the duplex Porter, Cudmore and Rungoo soils which are often deeply 
dissected. The flat alluvial plains are occasionally locally affected by narrow, small 
and/or isolated areas. The upper catchments of rivers and creeks have narrow terraces 
and channel benches, which not only affects farm layout and machinery use, but are 
often isolated and adjacent to unsuitable land. The main soils affected in this situation 
are Bluewater, Canoe, Tinkle and Midway. The solodic soils, mainly the Yuruga soil, 
are often incised by deep creeks and gullies. The Manor soil may be similarly affected. 

In UMAs with subdominant soils ( < 60%) and the component soils have different 
suitability classes, the highest suitability class is downgraded according to the 
proportional area of each and/or the criteria relating to production area size. For 
example, if a UMA contains two subdominant soils with a sugar-cane suitability class of 
two and three, with the largest contiguous area of each soil being 1.5 to 2.5 ha then, 
under these conditions, effective management will be reduced through variations in crop 
growth, machinery use or land degradation. Therefore, the highest suitability class is 
downgraded. 

Complex soil patterns are a problem mainly on the alluvial plains but often the 
individual areas of different soils are unknown due to the broad scale of mapping. 
However, estimates have been made for each UMA. 

9.6.8 Soil physical condition 

This limitation is applied to soils whose soil properties are known to influence seedbed 
preparation, plant establishment and the harvest of root crops. The soil physical 
condition of a soil is subdivided into properties such as the moisture range (pm), surface 
condition (ps) and adhesive soils (pa). 

It is desirable that a soil can be cultivated over a wide range of moisture levels 
to give some flexibility to the timing of operations. Clay soils have a narrow range of 
water content when they can be tilled effectively (Greacen and Richards 1983) and the 
poor surface drainage in the Ingham area is also a contributing factor. The hardsetting 
texture contrast soils (Ripple, Lannercost, Yuruga, Byabra) also have a narrow to 
moderate moisture range for cultivation because they are very hard when dry and 
spewey when wet. 

Surface condition will affect seedling emergence and establishment, and root crop 
development through hardsetting surfaces, stiff clays and coarse structure. Hardsetting 
surfaces are evident to varying degrees in the Cudmore, Porter, Bluewater, Canoe, Lee, 
Manor, Lannercost, Ripple, Byabra, Yuruga, Orient and Hamleigh soils. Compaction 
can have similar effects to hardsetting. Excessive vehicle traffic causes compaction 
which results in increased dry soil density (Yang 1980). Compaction is mainly dependant 
on soil moisture and texture. Sandy soils are less susceptible to compaction, while 
cracking clays have greater recuperative powers. Silty or fine sandy soils are particularly 
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susceptible (Hurney 1983). Even the impact action of rmating blades could damage soil 
structure (Yang 1980). 

Stiff clays affect seedling and root crop development by restricting root 
proliferation and development. Some simple method of measuring the mechanical 
strength of the soil is usually employed as for example, consistence as affected by water 
content. Stiff clays within the plough layer are a feature of the Byabra, Orient and 
Hamleigh soils. 

Coarse aggregate structure in the surface affects seed germination by reducing the 
soil to seed contact area, particularly for small seeded crops. This is not only important 
in the Hamleigh clay soil, but also in the Byabra and Orient soils where the coarse 
aggregates of the shallow B horizon are brought to the surface during cultivation. 

Adhesive soils affect the recoverability and condition of root crops. Root crops 
ideally require friable soils, so harvest machinery can easily lift and remove the root 
crops from the soil. A majority of the massive soils or poorly drained clay soils in the 
study area are adhesive to varying degrees. In general, the degree of adhesiveness 
increases as texture increases, with the heavy poorly drained clays being the most 
adhesive. 

All these fac~rs, together with the type of agricultural enterprise, will determine 
suitability (Appendix VI). 

9.6.9 Topography 

The topography limitation has a direct affect on the ease of machine~ operations and 
land use efficiency in general. It covers the slope limits for the safe use of machinery 
and the effects of complex slopes. 

The slope limit for the safe and efficient use of machinery is 15%. However, all 
land greater than 15% in the study area is unsuitable for agricultural development due 
to other limitations. 

Complex slopes, which have variable downslope angles and orientation across the 
slope, cannot be used effectively by machinery when conventional erosion control 
measures are implemented. This is due to short row lengths and/or excessive row 
curvature. Assessment of complex slopes is subjective only. 

Where erosion control measures can not be implemented, management practices 
and farm operations become important. These include trash retention, minimum tillage 
and the timing of harvesting, planting and cultivation operations. 

The type of agricultural enterprise will be affected differently by this limitation. 
Crops which require regular use of cultivation or harvesting machinery, such as 
sugar-cane, will be more severely affected than crops like exotic pines, horticultural tree 
crops and pastures, which require limited machinery use. 

The soils which may be affected by complex slopes occur on the hillslopes and 
the mid to upper slopes of the alluvial fans. 
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9.6.10 Rockiness 

Rock fragments (includes gravel, cobble, stone, boulder) within the plough depth will 
interfere with the use of, and possibly cause damage to, agricultural machinery. The 
volume of rock fragments within the soil is extremely variable and difficult to estimate. 
Tolerance levels also vary among farmers and for different agricultural enterprises. 

In general, crops which require several cultivations annually and have a low 
harvest height (sugar-cane, soybeans) have a low tolerance to coarse fragments. Root 
crops (peanuts, sweet potatoes) will not tolerate any rock. Other crops with a higher 
harvest height (maize, sorghum) can tolerate more rock. 

Horticultural tree crops (avocados, papaws, citrus, mangoes, lychees) can tolerate 
considerable amounts. Bananas, pineapples and exotic pines, although tolerating 
considerable amounts of coarse fragments, are slightly more sensitive due to mechanical 
operations during establishment. 

Surface rock fragments in tea plantations interferes with harvest machinery, 
creating irregular harvest heights and reducing tea quality. This aspect is particularly 
important in erosion prone areas where rock may become concentrated on the surface. 

Improved pastures are very tolerant of rock fragments. 

The size and amount of rock fragments, as defined by McDonald et al. (1984), 
have been used to determine the suitability subclasses (Appendix VI). The limitation 
increases with the increase in size and/or amount encountered. 

Rock fragments are consistently a problem on the soils of the hillslopes 
(Cadillah), undulating rises on basalt (Fox), upper slopes of the alluvial fans (Hillview, 
Elliot, Cudmore), upper catchments of the creek alluvia (Bluewater) and the river 
alluvia (Tinkle, occasionally Macknade). The amount of rock fragments varies from very 
slightly rocky (<2%) to very rocky (>50%) and size ranges from coarse gravelly (20 to 
60 mm) to boulders (> 600 mm). Generally, the amount and size increases on upper 
slopes and in the upper catchment. 

Erosion control measures should be implemented on sloping soils to reduce the 
concentration of rock fragments at the surface. 

9.6.11 Water erosion 

Water erosion causes soil degradation and long term productivity decline on unprotected 
land over 2 to 3% slope through the loss of soil, organic matter and nutrients. Crop 
damage, higher working costs, uneven harvest heights and damage caused by silt 
deposition also results from soil erosion. 

A bulk of the soil nutrients are stored in the topsoil, corresponding to the 
accumulation of soil organic matter. The removal of this topsoil, not only results in the 
loss of nutrients, but also the loss of organic matter, which is responsible for retaining 
nutrients against leaching, increasing available water and maintaining structure. Subsoils 



65 

are relatively infertile with lower infiltration and permeability, and lower water 
availability. 

Rainfall erosivity is very high for the wet tropical coast district (Rosenthal and 
White 1980). In addition, the major distribution of erosive rainfall occurs during the 
summer months. There is a need to have some form of management to protect the soil 
surface during this period. 

Soil erodibility is a complex factor dependant on the soil infiltration 
characteristics, permeability, water holding capacity, structure, stability and dispersability. 
Management may have indirect affects on soil erodibility, in that the loss of organic 
matter and the decline of surface structure will lead to an increase in the erodibility of 
the soil. 

Slope gradient cannot be modified. Manipulation of slope length and 
management and practice factors are the only practical means available for reducing soil 
loss. 

Contour banks reduce slope length. Management practices should aim to 
maintain maximum surface cover, especially during periods of high erosivity and/or 
maintain the soil surface in a rough condition to pond water, which will protect some 
of the surface from rain drop splash and allow for greater infiltration. Maintenance of 
maximum surface cover can be achieved by maintaining trash on the surface and 
reducing the number of tillage operations. 

Farm operations can be timed to maintain surface protection. Operations such 
as harvesting, planting and cultivation should not be undertaken prior to periods of high 
rainfall erosivity (Mullins et al. 1984). 

Changes to more intensive land use in a catchment generally lead to increased 
run-off and sedimentation, and a reduction in the time of concentration of run-off 
(Capelin and Prove 1983). Planning is required to ensure that run-off control works are 
properly coordinated between land users (Hyde 1983). 

Acceptable soil losses from temperate areas have been set at 12.5 tonnes/ha/year 
(Hudson 1971). While soil formation, through weathering, in the wet tropics would be 
higher than temperate areas, 20 tonnes/ha/year seems a reasonable figure to aim for 
initially, until detailed studies provide answers. 

Soil loss rates from sugar-cane fields have been estimated at 20 to 227 
tonnes/ha/year in the Mackay district (Sallaway 1979) and as high as 382 
tonnes/ha/year in north Queensland (Mathews and Makepeace 1981). 

Recommended maximum slope limits require a large amount of research or the 
use of a model such as the Universal Soil Loss Equation (Wischmeier and Smith 1978). 
The required research has began in north Queensland. 

The slope limits outlined in Appendix VI have been adopted as guidelines in the 
Ingham area. Land with slopes less than the limits, is considered suitable for permanent 
cultivation. Slopes above these limits may be suitable for cultivation provided intensive 
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soil conservation measures are applied. Land uses such as forestry, horticultural tree 
crops and pastures are more suitable than other uses on steeper slopes, because of the 
reduced cultivation and increased permanent plant cover. 

The soils occurring on the hillslopes, undulating rises on basalt and alluvial fans 
are the group of soils with varying degrees of the erosion limitation. 

The granitic soils on the hillslopes and alluvial fans have an upper slope limit of 
8% for arable agriculture. The Cadillah soil has only minor areas with slopes less than 
8%. Hillview and Elliot soils occur on the upper slopes of the alluvial fans and have 
slopes greater than 2% and modal slopes of 6%. The Thorpe soil occurs on mid-slopes 
with slopes of 1 to 4% and a modal slope of 3%. All these soils are rapidly to well 
drained with rapid to moderate infiltration rates. 

The Lugger and Arnot soils on the lower slopes have slopes of 0 to 4%, with a 
modal slope of 1%. Infiltration and permeability rates are high but run-off from upper 
slopes needs to be considered. 

The texture contrast soils on the lower slopes (Cudmore, Rungoo, Porter) have 
slopes of 1 to 6% with a modal slope of 1 to 2% for Cudmore and Porter and 4% for 
Rungoo. These soils have light surface textures with impermeable, dispersable subsoils. 

The Fox and Yellarai soils on the undulating rises on basalt have slopes ranging 
from 3 to 5%. Only on the edges of the basalt flows is the slope limit of 15% exceeded. 
These steeper slopes correspond to excessive rockiness. 

Gully erosion may be a problem on the soloth and solodic soils of the level creek 
alluvial plains (Manor, Lannercost, Byabra, Yuruga). These soils h a v e  highly 
impermeable and dispersable subsoils. The lack of drainage lines on these plains can 
result in concentrated run-off in lower areas which can develop into gullies if the subsoil 
is exposed. The annual burning of native pastures on these soils can aggravate the 
situation. �9 

Stream bank erosion is a common problem along the rivers and larger creeks. 
Most of the bank erosion within the study area is a result of man's activities, of which 
the clearing of the river and creek banks or burning the vegetation are the main 
offences. Land management includes the retention of native vegetation along stream 
banks for 40 metres on major streams and 20 metres on tributaries and creeks. 

9.7 Suitability of soil types for agricultural uses 

This section summarises the limitations which occur in each soil type. The limitations 
are not necessarily present in every UMA. The limitations occurring in each soil 
mapping unit are given in Table 13. 

The limitations identified for any UMA can be attributed to soil attributes, 
landform and a combination of the two. Moisture availability, soil nutrient supply and 
soil physical condition are largely soil related limitations. Topography and flooding are 
landform related. Wetness, erosion, landscape complexity, salinity and stoniness are a 
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Table 13. Limitations and land attribute levels* occurring in each soil mapping unit 

Soil Mapping Limitation + 

Unit 

c m n s w f x p t r e 

Abergowrie 3,5 0 0,4 0 5M 0 0,2,4 1,2 1 0 
Abergowrie 3 5 0,4 0 5H 0 0 0 i 0 

sandy phase 
A l t h a u s  3 ,5  6 0 0 3Sa 0 0 1 ,2  1 0 
Arnot 3,5 5 0 0 1 to 3 m 0 , i  0 to 4 0 I G2 to 4 

C3 

Arnot 3 5 I 0 2M 0 , i  0 0 1 0 
dark phase 

Ashton 5 5 0 0 3M 0 0 0 I 0,CI 
8Luewater 3,5 3 0 0 5M,5H 0 0 to 4 1,2 1 0 

G2 to 4 
C1 to 5 

$2 to 4 

Brae 3,5 1 1 0,3 to 5 25,3Sb 0 to 2 0 0,2, 1 0 
5,8, 
9 

Byabra 5 6 0 0 to 2 3Sb 0 0 3 to 5 1 0 
CadiLLah 3,5 1 0,4 0 4M,SM,5H 0 1,3,4 0 to 2 1 C3 
Canoe 3,5 3 0,4 0 4M,5M 0,1 1,2 1 �9 i O,CI 
Cassidy 3,5 7 0 0,2,3 6H 0,i 0 to 3 0 1 0 

Catherina 3 i 0 0,4 3Sb 1 0 3,5 1 0 
Cudrnore 3 ,5  5 0 0 3Sa,3M 0 0 t o  4 1 ,2  1 0 

G2 to 5 
CI,3,5 

ELLiot 5 5 0 0 6H 0 0 to 2,4 0 1 0 
CI,3 

ELLiot 3 5 0 0 6H 0 0,2,3 0 1 C3 
f ine phase 

Fox 5 1 0 0 6H 0 0 0 1 $3 
HamLeigh 3,5 1 0 , i  0,3,4, 2S,3Sb 0 , I  0 6 to 9 1 0 

5,7 
Hawkins 3,5 5,7 0 0 6H,5H 1,2 0 0 1 0,C3 
Herbert 3,5 1 0 0 5M 0,1 0,2 0 1 CI,3 
HiLLview 3,5 3 0,4 0 5,6H 0 0 to 5 0 to 2 1,3 0 

HiLLview 3,5 3 0,4 0 5H 0 0 to 5 
f ine phase 

Ingham 3,5 I 0 0,3,5 2S,3Sa 1 0,2 
Lannercost 3,5 4 0 0 3Sb 0 0 
Leach 3 i 0 0,2,5 2S,3Sb I 0 
Lee 3,5 3 0 0 3M,4M 0,1 0 

Lucy 3,5 3 0,4 0 5M,5H 0,1 0 
Lugger 3,5 5 0 0 3M,2H,3H 0 0 to 4 
Macknade 3,5 3,5 0,4 0,3 to 5 2 to 5M 0 to 2 0 to 4 
Mandam 3,5 3 0 3,4,7 1M,2H 1 0 to4 
Manor 3,5 1,4, 0 0 3Sa,b 0 0 to 4 

6 
Midway 3,5 1 0 0 4M,4S 0,1 0 to 3 
Molonga 3 ,5  1 0 0 , 2 , 3 , 7  2S,3Sb 0 , 1  0 
Orient 3,5 6 0 3,4,7 25,35b 1 0 to 4 

G3 
Ci,3 
Sl to 3 

1,2 1,3,C G3,4 
C1,3 
Sl 

i 1 0 
3 to 5 1 0 
6,8,9 i 0 
1,2 1 0 

G3 
Cl,3 

1,2 1 0 

0 1 O,Cl 
0 1 0,Cl,C3 
1,2 I 0 
1,2 i 0 

0 
6 ,9  
2 t o  6, 
8 , 9  

GI to 4 

G1 to 2 

G3,5 

D1 to 4 

G2,3 

G2,3 

B2 

GI to 3,6 

G1 to 3,5 

GI to 3 
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Soil Mapping L imi tat ion + 
Unit 

c m n s w f x p t r e 

Palm 3,5 1,3 0,4 0,3 4,5M,5H 0,1 0,5 1,2 1 0,C1,C3 
Porter 3,5 4 0 0 3Sb 0 0 to 4 1,2 1 0 D1 to 3 

G2 
CI 

Rungoo 3,5 6 0 0 3M,3Sa 0 0 to 5 0 1 0,CI D1 to 4 
Stone 5 i 0 0 3Sb 0 0 6,8,9 i 0 
Thorpe 3,5 3 0 0 5M 0 0,4 1,2 I 0,CI GI,2 
Thorpe 3 3 0 0 5M 0 0,2,4,5 1,2 1 0,Cl G1,2 

fine phase 
Tink le  3,5 5,7 0 0 5H,6H 0,1 0 to  2,4 0 1 0 ~ 

CI,3 
$2,3 

Toobanna 3,5 2 0 0,3 3Sa 0,1 0 1,2 1 0 
Trebonne 3,5 3 0 0 3M 0,1 0 1,2 1 0 
Trebonne 5 5 0 0 3H 1 0 0 1 0 
sandy phase 

YeLLarai 5 1 0 0 4M 0 0 0 I 0 B2 
Yuruga 3,5 4 0 0 3Sb 0 0,3,4 3 to 5 i 0 D1,2 

* Land a t t r i b u t e  Levels described in Appendix Vl. 
+ L imi tat ion codes refer to Appendix VI. 

result of both landform and soil attributes. There is usually a strong relationship 
between landform and soils, and hence limitations. 

The degree of the limitations related to the soil are typically constant between 
UMAs, while the degree of the limitations related to landform can vary between UMAs. 

Table 14 summarises the total area of each suitability class for each soil mapping 
unit and each crop. 
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Tabte 14. Continued 

Soi l  Suit Cane Banana Papaw Mango Lychee Citrus Avo Ramb Tea Vege Cuc Pines Dry Wet Sorg Sweet Soy Pnuts Sweet Rice Pinus Past 
un i t  maize maize corn potato 

Bb 

Br 

Bw 

Cd 

Ch 

Cm 

1 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3071 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 3071 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3071 0 0 
4 0 0 0 0 3071 0 0 0 0 3071 3071 0 3071 3071 3071 3071 3071 0 0 0 3071 0 

5 0 3071 3071 3071 0 3071 3071 3071 3071 0 0 3071 0 0 0 0 0 3071 3071 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 2099 

2 0 0 0 0 0 0 0 0 0 0 0 0 471 0 504 471 0 0 0 0 0 0 
3 504 0 0 0 0 0 0 0 0 471 504 0 1591 0 1584 1591 0 0 0 504 0 0 
4 1595 0 0 0 1758 0 0 0 0 1602 1595 0 26 504 0 26 504 0 0 1584 504 0 
5 0 2099 2099 2099 341 2099 2099 2099 2099 26 0 2099 11 1595 11 11 1595 2099 2099 11 1595 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3502 

2 3369 3255 5490 5756 2669 5544 0 0 1433 0 0 3195 0 3127 0 0 0 0 0 3127 5444 2849 
3 91 2622 2833 2780 5866 2780 0 0 73 3369 3369 2945 3218 91 3218 3218 3127 2423 3341 91 2431 2184 

4 2891 2301 83 83 83 83 8406 8406 4378 133 133 2184 2659 2659 2659 2659 182 584 70 2659 386 83 

5 2267 440 212 0 0 212 212 212 2735 5116 5116 295 2741 2741 2741 2741 5309 5612 5207 2741 357 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 60 60 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 199 

0 60 108 108 169 108 0 0 0 0 0 169 0 0 0 0 0 0 0 0 0 0 
169 0 30 30 30 30 199 199 60 0 0 0 60 60 60 60 0 0 0 60 0 0 

30 138 0 0 0 0 0 0 138 199 199 30 138 138 138 138 199 199 199 138 138 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 534 

0 0 0 0 0 0 0 0 0 0 0 0 506 0 534 506 0 0 0 0 0 0 
534 0 0 0 0 0 0 0 0 506 534 0 28 0 0 28 0 0 0 534 0 0 

0 0 0 0 506 0 0 0 0 28 0 0 0 534 0 0 534 0 0 0 534 0 

0 534 534 534 28 534 534 534 534 0 0 534 0 0 0 0 0 534 534 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3148 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 651 

3 2805 129 0 232 3735 0 0 0 0 0 0 232 74 49 74 74 0 0 0 2730 3252 0 

4 994 3227 270 3540 102 270 270 3591 129 3148 3148 3322 3243 3166 3243 3243 2786 18 18 587 142 38 
5 38 480 3567 65 0 3567 3567 246 3708 689 689 283 520 622 520 520 1051 3819 3819 520 443 0 
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TabLe 14. Continued 

S o i l  S u i t  Cane Banana Papaw Mango Lychee C i t r u s  Avo Ramb Tea Vege Cuc P ines  Dry Wet Sorg Sweet Soy Pnuts Sweet R ice  Pinus Past  
u n i t  maize maize corn  p o t a t o  

Lc 

Le 

Lh 

Ln 

Lu 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1233 

2 1233 1233 560 1233 100 560 0 0 0 0 0 560 0 1233 0 0 0 0 0 1233 1233 0 
3 0 0 0 0 1133 0 0 0 0 1233 1233 0 1233 0 1233 1233 1233 560 1233 0 0 0 

4 0 0 0 0 0 0 560 560 560 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 0 0 673 0 0 673 673 673 673 0 0 673 O" 0 0 0 0 673 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1476 

2 1405 149 0 149 1054 0 0 0 0 0 0 150 0 150 0 0 0 0 0 1405 1553 77 
3 71 1404 149 1404 500 ' 149 0 0 149 1405 1405 1299 1476 1327 1476 1476 1405 1103 1405 71 0 0 

4 77 0 1299 0 0 1299 1478 1478 1299 71 71 0 77 77 77 77 71 197 0 77 0 0 
5 0 0 105 0 0 105 105 105 105 77 77 105 0 0 0 0 77 253 148 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1914 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 1319 0 0 0 0 0 0 0 0 0 0 0 1805 0 1914 1805 0 0 0 0 0 0 
4 594 0 0 0 1805 0 0 0 0 1805 1914 0 108 1320 0 108 1320 0 0 , 1914 1211 0 

5 0 1914 1914 1914 108 1914 1914 1914 1914 108 0 1914 0 594 0 0 594 1914 1914 0 703 0 

I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4809 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 4809 0 0 0 0 0 0 0 0 3911 3911 0 3911 0 3911 3911 0 0 0 4809 0 0 
4 0 0 0 0 4809 0 0 0 0 897 897 0 897 4809 897 897 4809 0 0 0 4809 0 

5 0 4809 4809 4809 0 4809 4809 4809 4809 0 0 4809 0 0 0 0 0 4809 4809 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6473 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 6387 6294 3880 6473 6473 3380 0 0 171 0 0 6473  0 4113  0 0 0 0 0 6227 6294 0 

4 86 14 2593 0 0 2593 6473 6473 6138 6473 6473 0 6294 2181 6294 6294 6294 6294 6473 67 14 0 
5 0 164 0 0 0 0 0 0 164 0 0 0 178 178 178 178 178 178 0 178 164 0 - 

I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 O, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 135810 
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Tabte  14. Con t inued  

S o i l  S u i t  Cane Banana Papaw Mango Lychee C i t r u s  

u n i t  

Avo Ramb Tea Vege Cuc P ines  Dry Wet Sorg Sweet Soy Pnuts Sweet R ice  Pinus Past 
maize maize corn potato 

Ub 

Yt 

Yr 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 1361 

326 326 326 0 0 326 0 0 0 326 658 326 0 0 0 0 0 0 658 326 326 1211 
0 0 0 326 0 0 0 0 0 0 0 0 658 326 658 658 326 326 0 0 0 0 

0 0 0 0 326 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 326 326 326 0 0 0 0 332 0 0 332 0 0 332 0 0 

1996 1664 1664 1664 1664 1664 1664 1664 1664 1664 1664 1996 1664 1664 1664 1664 1664 1996 1664 1664 1996 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 36 36 

2 36 36 0 36 0 0 0 0 0 36 36 36 36 0 36 36 0 0 36 36 0 0 
3 0 0 36 0 36 36 0 0 0 0 0 0 0 36 0 0 36 36 0 0 0 0 

4 0 0 0 0 0 0 36 36 36 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9722 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 9648 0 0 0 0 0 0 0 0 9436 9436 0 9400 0 9400 9400 0 0 0 9613 0 0 
4 74 0 0 0 9722 0 0 0 0 286 286 0 212 9613 212 212 9613 0 0 0 9613 0 
5 0 9722 9722 9722 0 9722 9722 9722 9722 0 0 9722 110 110 110 110 110 9722 9722 110 110 0 

~J 
~J 

Total 1 15466 14508 326 0 0 326 0 0 0 326 658 6082 0 0 0 0 0 0 658 9079 15692 147722 
2 20655 14932 21635 39432 26995 21689 0 0 7396 23695 23702 8051 42228 27235 42347 42227 15413 5964 15902 25665 27329 9803 
3 99704 33882 17904 33020 80747 17850 0 0 1858 61223 61710 35196 60775 21521 50708 60775 19376 9364 23761 76560 57379 3837 

4 19392 43374 16475 40808 49314 16475 56340 79552 39315 60519 60328 28081 43735 93565 43744 43735 101199 26897 24860 35433 49166 121 
5 164240 212428 262784 205864 162069 262784 262784 239573 270556 173362 173059 242047 172719 177135 172656 172719 183412 277232 254274 172719 169891 135608 
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The land resource assessment of the Ingham area at 1:100 000 has delineated 43 soil 
types. These comprise the soils of the hillslopes on granite and acid volcanic rocks, the 
undulating rises on basalt, the alluvial fans derived from granite and acid volcanic rocks, 
the creek alluvial plains, the river alluvial plains and the beach ridges. 

The 10 dominant soils are Toobanna, Hamleigh, Hillview, Yuruga, Bluewater, 
Herbert, Ashton, Lugger, Macknade, Manor. These soils occupy 97484 ha or 61% of 
the lowland area (miscellaneous units excluded). 

The lands were assessed in terms of land suitability for growing sugar-cane, 
bananas, papaw, mango, lychee, citrus, avocado, rambutan, tea, vegetables, cucurbits, 
pineapple, maize, sorghum, sweetcorn, soybean, peanut, sweet potato, rainfed rice, Pinus 
caribbaea and improved pastures. Each of the 1626 unique map areas (UMAs) were 
individually assessed for their suitability for growing the crops. 

A total of 135 825 ha is suitable (class 1, 2 and 3 land) for sugar-cane, 63 322 ha 
for bananas, 39 865 ha for papaws, 72 452 ha for mangoes, 107 741 ha for lychees, 39 
865 ha for citrus, 0 ha for avocados, 0 ha for rambutans, 9253 ha for tea, 85 244 ha for 
vegetables, 86 070 ha for cucurbits, 49 329 ha for pineapples, 103 003 ha for dry season 
maize, 48 756 ha for wet season maize, 103 056 ha for sorghum, 103 003 ha for sweet 
corn, 34 789 ha for. soybeans, 15 328 ha for peanuts, 40 322 ha for sweet potatoes, 111 
304 ha for rainfed rice, 100 400 for Pinus caribbaea, and 161 362 ha for improved 
pastures. 

An effective agricultural land factor was allocated to each UMA to account for 
the varying proportions of the gross areas actually useable for growing the various crops. 
There is sufficient land to accommodate 100 860 ha (after effective agricultural land 
factor taken into account) or a 243% expansion in cane assigned land. However, no 
account was taken of the availability of the land. The potential assigned land is on 
average, less attractive and further from the mills than the assigned land. 

All land considered marginal/currently unsuitable (class 4) for any agricultural 
use is of dubious benefit due to the high cost of and/or unreliable production and land 
degradation. Future changes in technology may prove these lands to be suitable. 

The significant limitations to production were identified and assessed for each 
UMA. The limitations assessed were climate, soil water availability, soil nutrient supply, 
salinity, wetness, flooding, landscape complexity, soil, physical condition, topography, 
rockiness and water erosion. 

Climatic factors were assessed for particular areas and then allocated to UMAs. 
High humidity is associated with the incidence of disease, and high or low temperatures 
may prelude or diminish the quality or quantity of production of certain crops. 

The monthly moisture balance shows a deficit from June to November. Crops 
grown during this period must rely on soil water or supplementary irrigation until the 
wet season. The water availability limitation is most severe on the light textured soils. 
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Several soils pose soil nutrient management problems. Some soils possess 
variable charge characteristics. That is, the charge on the soil, which is re.s.ponsible for 
cation retention, is dependant upon pH. In soils with variable charge, management 
should aim to increase the negative charge by raising pH, raising organic matter levels, 
or possibly by applications of silicates and phosphates, or learn to manage low charge 
soils by split fertiliser applications or slow release fertilisers. The use of nitrogen 
fertilisers has aided the acidification of soils, particularly in the sugar industry. 
Aluminium toxicity could result in some crops. Soil pH should be raised (pH > 5.5) to 
reduce aluminium to low levels. The humic soils (Brae, Arnot dark phase) have 
phosphorus sorption properties. Heavy initial phosphorus applications are necessary. 

Secondary salinisation is relatively minor at present but has the potential to 
increase, especially on the lower slopes of the alluvial fans developed from acid volcanic 
rocks in an area from the Stone River south. 

Wetness is the most significant limitation to crop production. Coordinated 
drainage programs need to be implemented. The mapping of soils enables areas which 
require drainage to be readily distinguished and allows the coordinated planning of 
drainage works on soils with similar drainage attributes. Drainage works need to be 
coordinated with soil conservation works and flood management. The recognition of 
soils with different drainage characteristics allows more efficient farm layout and 
management. A uniform soil type is important for efficient cultural and harvesting 
operations. Overuse of machinery and the mistiming of cultural and harvesting 
operations on waterlogged soils can result in compaction, structure degradation and 
reduction of organic matter. Soil degradation can be minimised by avoiding cultivation, 
harvesting and other heavy equipment operations on moist or wet soils, improving soil 
drainage, minimising the number of passes of equipment and using equipment with 
adequate flotation characteristics. The loss of organic matter can be reduced by the use 
of cover crops and trash farming. 

The Herbert River alluvial plain is prone to recurrent major floods. There should 
be an awareness that against the agricultural benefits of farming on the flood plain, 
there are costs associated with flooding. Land management should aim at stabilising the 
flood plain in high risk areas. This includes not clearing and cultivating within 40 metres 
of the river bank, maximising height and cover of crops during the flood prone times 
of the year and establishing permanent vegetation where deposition and scouring occur. 
The lower channel benches, islands in the stream channels, the Halifax and Gairlock 
washaways should remain undisturbed. 

Small and/or narrow and/or isolated areas originating from dissected land (creeks 
and gullies) or soil complexity will restrict farm layout and the efficiency and ease of 
machinery use. The upper slopes of the alluvial fans are regularly affected by dissected 
land while complex soil patterns are a problem on the alluvial plains. 

Soil physical condition affects a range of soils in the Herbert River lowland. 
Seedling emergence and establishment problems are associated with the hardsetting 
soils, stiff clays and coarse structured clays. The clay soils and some of the texture 
contrast soils, have a moderate to narrow moisture range for cultivation. A majority 
of the massive surfaced soils or clay soils, are adhesive to varying degrees, affecting the 
recoverability and condition of root crops. 
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The slope limit for safe machinery use is 15% for arable agriculture, 20% for tree 
crops and 30% for improved pastures. Only 42 ha of potential agricultural land in the 
Ingham area has slopes between 15% and 30%. Complex slopes, which cannot be used 
effectively by machinery when conventional erosion control measures are impiemented, 
are occasionally a problem on the hillslopes and on the upper slopes of the alluvial fans. 

The rockiness limitation is generally a problem only on the hillslopes, the alluvial 
fans, and in the upper catchments of the alluvia. Generally, the size and abundance 
increases on upper slopes and in upper catchments. 

The problems of soil erosion have been recognised by the sugar industry and 
other industry groups. The adoption of conventional soil conservation measures in 
combination with trash retention and minimum tillage practices need to be encouraged 
on all erosion prone land. The increase in trash retention and minimum tillage in the 
cane industry in recent years is a sound farming practice. 

Based on Water Resources Commission information, there is a considerable 
potential for irrigation of crops from the rivers and underground supplies. 
Supplementing water supply to crops grown during the water deficit period from June 
to November, would be of value. 

Because approximately 35 to 40% of the land area has been cleared for crop 
production there is a need to retain several vegetation communities before they are lost 
to development. The mangroves should be retained as fisheries habitats. Several small 
remnants of rainforest along the Herbert River near Dalrymple Creek, Coldwater and 
Abergowrie represent the largest, most southerly lowland rainforest in Queensland. 
Most of the narrow leaf tea-tree open forests and woodlands have been cleared with 
remnants along Trebonne Creek south-west of Ingham and at the end of Kirkwoods 
Road south-east of Ingham. A part of this community should be retained. Other 
communities which should be considered for retention include: Casurina forests west of 
Dalrymple and Manor Creeks in State Forest 591; a poplar gum community; the Cattle 
Creek swamp upstream of the Bruce Highway; the rainforest community on Francis 
Creek near the Bruce Highway; some of the swamp communities on the Mandam soil 
mapping unit; and some of the coastal beach ridge communities (especially in the 
Forrest Beach or Crystal Beach to Rollingstone area). 

The resource data can be rapidly reassessed for the suitability of new crops or 
where changing technology alters suitability. The system of recording resource data in 
this study is compatible with the computer aided drafting system, whereby resource data 
or suitability information can be printed in map or overlay form. 
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APPENDIX I 
PLANT SPECIES AND COMMON NAMES 

Acacia crassicarpa 
A. flavescens 
A. mangium 
Arthrocnemum spp. 
Avicennia spp. 
Brachiaria mutica 
Bruguiera spp. 
Casuarina equisetifolia 
C. littoralis 
Ceriops spp. 
Chrysopogon spp. 
Cycas media 
Cyperus spp. 
Eucalyptus acmenioides 
E. alba 
E. drepanophyUa 
E. interrnedia 
E. papuana 
E. pellita 
E. tereticomis 
E. tessellaris 
Heteropogon triticeus 
Imperata cylindrica 
Melaleuca dealbata 
M. leucadendron 
M. quinquenervia 
M. viridiflora 
Mimosa pudica 
Pandanus spp. 
Planchonia careya 
Rhizophoro spp. 
Sporobolus virginicus 
Sporobolus spp. 
Syncarpia glomulifera 
Themeda australis 
Tristania suaveolens 
Xanthorrhoea johnsonni 

Samphires 
Grey mangroves 
Para grass 
Orange mangroves 
She oak 
Black She oak 
Spurred mangroves 
Mackie's pest 
Zamia 
Sedges 
White stringbark 
Poplar gum 
Narrow-leaved ironbark 
Bloodwood 
Ghost gum 

Forest red gum 
Moreton Bay ash 
Giant spear grass 
Blady grass 
Narrow leaf tea-tree 
Weeping tea-tree 
Paper bark tea-tree 
Broad leaf tea-tree 
Sensitive plant 
Pandanus 
Cocky apple 
Red mangroves 
Salt-water couch 

Turpentine 
Kangaroo grass 
Swamp mahogany 
Grass tree 
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APPENDIX Ill  
CONVEN'I1ONS USED IN THE DESCR/FFION OF THE MORPHOLOGY, 

LANDSCAPE AND VEGETATION OF THE SOIL TYPES 

A soil type is a three dimensional soil body or group of soil bodies, such that any profile 
within the body(s) has a similar number and arrangement of major horizons whose 
attributes, primarily morphological, are within a defined range. All profiles within the 
unit have similar parent materials. 

The soil type may be at varying levels of generalisation depending primarily on the scale 
of the survey and density of ground observations. 

A soil variant is a soil clearly outside the range of defined soil types but not extensive 
enough to warrant defining a new type. 

Principle Profile Form (PPF) as defined by Northcote (1979) are listed in order of 
frequency of occurrence. 

Great Soil Group as described by Stace et al. (1968). The Great Soil Groups are listed 
in order of frequency of occurrence. 

Microrelief as in McDonald et al. (1984). 

Landscape ,ni ts  as in McDonald et al. (1984). 

Vegetation structural formation classes as in McDonald et al. (1984). 

The pH profiles are based on field determinations for each horizon. 

Horizons as in McDonald et al. (1984). 

Textures are field textures as in McDonald et al. (1984) 

Structure as in McDonald et al. (1984) 

Segregations as in McDonald et al. (1984) 

Boundaries in the soil profile diagram are: 

clear to abrupt 

.......... gradual to diffuse 

Boundary type as in McDonald et  al. (1984). 

Frequency of occurrence 

Frequently = >30% of occasions 
Occasionally = <30% of occasions 
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Colour codes (moist) are those of Oyama and Takehara (1967) while colour 
nomenclature is based on the Value/Chroma rating system of Northcote (1979) and 
utilising the following table: 

Value/Chroma 2a = 4/1, 4/2 to 6/1, 6/2 

Value/Chroma 2b = 5/3, 5/4 to 6/3, 6/4 

VaLue/Chroma Rating i 2a 2b 4 5 

Hue 

IOR dark red-grey red-brown red red 

2.5YR dark grey-brown red-brown red red 

5YR dark grey-brown brown red-brown red-brown 

7.5YR dark grey-brown b r o w n  yeLLow-b rown  brown 

IOYR dark grey y e L L o w - b r o w n  yeLLow brown 

2.5Y dark grey yeLLow-grey y e L L o w  oLive-brown 

5Y dark grey yeLLow-grey yeLLow oLive 

Surface condition as in McDonald et aL (1984) 
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Abergowrie 
Althaus 
Arnot 
Ashton 
Bluewater 
Brae 
Byabra 
Cadillah 
Canoe 
Cassidy 
Catherina 
Couch 
Cudmore 
Elliot 
Fox 
Hamleigh 
Hawkins 
Herbert 
Hillview 
Ingham 
Lannercost 
Leach 
Lee 
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Lugger 
Macknade 
Mandam 
Manor 
Midway 
Molonga 
Orient 
Palm 
Porter 
Ripple 
Rungoo 
Senta 
Stone 
Thorpe 
Tinkle 
Toobanna 
Trebonne 
Yellarai 
Yuruga 
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APPENDIX IV 

DESCRIPTIONS OF THE SOIL TYPES 
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Soft type: 

Concept: 

Great soil group/s: 

I~nciple profile form: 

Substrate material: 

Soil landscape unit: 

Predominant vegetation: 

Surface conditiom: 

Microrelicf: 

c 

0 ,( hi 

\ ~ o~  
\ 

\ 
\ 

\ 

me\\ 
izo k 12o 

Cadillah 

Dark AI Horizon over a pale A2 horizon with a strongly 
structured red B horizon developed on htllslopes. 

Red podzolic soit 

Gn3.14. Dr2.21, Gn3.54. Dr2.31. Dr2.11. Dy2.11 

Carboniferous granites and Gten Gordon volcanics 

Hillsiopes on granite and acid volcanic rocks. Slopes 3 
to 20C7c. Modal slopes > 15c~. 

Open forest or closed forest. Bloodwood dominant or 
rainforest species 

Hardsetting" 

Nil 

AI:  Dark (5YR 3 / l .  7.5YR 2/1, 2/2);  sandy loam to 
clay loam: moderate to strong casts or 2 to 5 mm 
granular, Field pH 5.8 to 6.0. Clear to diffuse 
change to - 

A2: Red-brown to brown (SYR 3/3, 4/3. 7.5YR 3/3. 
3/4);  clay loam; weak to moderate 2 to 10 mm 
polyhedral. Field pH 5.5 to 6.0. Clear to diffuse 
change to - 

B h  Red-brown (5YR 3/3. 4/4, 4/6): light [o light 
medium clay; weak to moderate 2 to 10 mm 
polyhedral. Field pH 5.5 to 5.8. Gradual to diffuse 
change to - 

B2: Red or red-brown (2.5YR 3/6. 4/6. 4/8, 5/6. 5/8, 
5YR 4/6. 5/6);  medium clay; moderate to strong 
2 to I0 mm polyhedral. Field pH 5.5 to 5.8. 

Mottling from parent material and weathered rock occurs 
at depth. 

Variant: No A2 occurs. 

Sites: 234, 248. 250, 251. 350. 361. 365. 381, 384. 387. 

Soil type: 

Concept: 

Great  soil group/s: 

l~ociple profile form: 

S u b s ~  mamrial: 

Soil [~dscape umt: 

Predominant vegctation: 

Sur fa~  comlitiotm: 

Microrr163 

a o 
o o~ A ~ o  io 

o3o 
o 3s  

X N \ N x  

�9 c 1 ~176 

~N 12o 

Fox 

Red or red-brown strongly structured soil overlying basalt. 

Krasnozem 

Gn3.11 

Cainozoic basalt 

Upper slopes of undulating rises on basalt. Slopes 3 to 
4~c. 

Open forest to woodland. Bloodwood. Moreton Bay ash. 

Soft 

Nil 

A h  Dark (5YR 2/2): clay loam; moderate 2 to 5 mm 
granular. Field pH 6.0. Clear gradual change to - 

BI: Red or red-brown (2.5YR 2/3, 5YR 2/3);  light clay. 
strong I to 2 mm granular; changing with depth to 
brown (5YR 2/4): light medium clay: strong 1 to 
2 mm polyhedral; < I% manganiferous nodules. 
Field pH 5.8. Diffuse change to - 

B2: Red or rod-brown (2.5YR 3/6, 5YR 3/4);  light 
medium clay to medium clay; strong 2 to 5 mm 
polyhedral. Field pH 5.5. Diffuse change to - 

B/C: Red-brown (5YR 3/3, 3/6);  gravelly light medium 
to medium clay with weathered basalt; strong 2 to 
5 mm polyhedral. Field pH 5.5. 

Sites: 369, 370, 371 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate material: 

Soil lands<a~ unit: 

Predominant vegetadon: 

Surface conditions: 

Microrelief: 

s ~  

Couch 

Gilgaied, neutral, dark, self-mulching cracking clay 
developed from basalt 

Black earth 

Ug5.16 

Cainozoic basalt 

Lower slopes of undulating rises on basalt 

Grassland. Couch. 

Cracking, self-mulching 

Type: Normal gilgai 
Horizontal interval: lm. 
Vertical interval: 0.15m. 

A l l :  Mottled; dark (7.5YR 2/1): medium heavy, clay to 
heavy clay; strong I to 2 mm granular. Field pH 
7.0. Clear change to - 

B21: Mottled; dark (7.SYR 2/1, 3 / I ) :  medium heavy 
clay to heavy clay; strong l to 2 mm lenticular. 
Field pH 7.3. Diffuse change to - 

B22: Mottled; grey (2.5Y 5 / I .  5/2): heavy clay; strong 
2 to 5 mm lenticular. FieLd pH 7.8. �9 

Sites: 372, 373 

Soil type: 

Concept: 

Great  soil group/s: 

Principle profile f o r m :  

Sub*trate material: 

Soft landramt~ unit: 

Predomanant vegetation: 

Surface r 

Mierorelief: 

a A1 ! ) 
005 ~ " ~ - . . . . _ ~ ) 1 0  

B2 

Yellarai 

Mottled. yellow, structured soil with ferromanganiferous 
nodules. 

Xanthozem 

Gn3.71, Uf  6.4 

Cainozoic basalt 

Lower slopes of undulating rises on basalt. Slopes 3 to 
5qb. Modal slope 3%. 

Woodland to open forest. Bloodwood, swamp mahogany. 

Hardsetting 

Nil 

A h  Mottled; dark (5YR 3/1);  clay loam sandy to heavy. 
clay loam and light clay; moderate 5 to 10 mm 
sub-angular blocky.; ferromanganiferous nodules 
occasionally occur. Field pH 6.0. Clear to diffuse 
change to - 

A3: Mottled; dark (7.5YR 3/2);  light clay; weak to 
moderate 5 to 10 mm sub-angular blocky; 
ferromanganiferous nodules occasionally occur. 
Field pH 5.8. Clear to diffuse change to - 

BI:  Mottled; brown (7.5YR 4/3, 10YR 3/4);  light 
medium clay; moderate 5 to 10 mm polyhedral; 
ferromanganiferous nodules occasionally occur. 
Field pH 5.8. Diffuse change to - 

B2: Mottled; yellow to yellow-brown (7.5YR. IOYR, 
5/6);  light medium to medium clay; moderate 5 
to 10 mm polyhedral; 1 to > 10q'c 
ferromanganiferous nodules. Field pH 5.8. 

Sites: 374, 375, 376 
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Soil type: 

Concept: 

Great sod group/s: 

PiSncipte profile form: 

Substrate material: 

Soil landscape unit: 

Predominant vegetation: 

Surface eondidom: 

Microrelie f: 

~ t' 030 \\ 030 

\ \ 
\\ e~ \ o4s 

Elliot 

Fine gravelly red earthy ~and developed on alluvial fans 

Earthy sand 

Uc4.22, Uc4.2L Gn2.14 

Quaternary alluvia from carboniferous granites 

Upper slopes of alluvial fans derived from granite. Slopes 
2 to 7c*c. Modal slope 4%. 

Woodland to open forest. Bloodwood. poplar gum, 
swamp mahogany. 

Loose or hardsetting 

Nil 

AI: Dark (SYR 3/1.7.SYR 2/I.  3/2): fine gravelly loamy 
sand to light sandy clay loam; massive to weak 2 to 
10 mm casts. Field pH 5.8 to 6.5. Gradual to 
diffuse change to 

A2: Red-brown or brown 15YR 4/3, 7.5YR 4/3. 4/4); 
fine gravelly loamy sand to light sandy clay loam; 
massive. Field pH 5.8 to 6.5. Diffuse change to - 

BI: Red, red-brown or brown (2.5YR 4/4, 5YR 4/4, 
5/4); fine gravelly loamy sand to light sandy clay 
loam; massive. Field pH 6.0 to 6.5. Diffuse change 
too 

B2: Red or red-brown (2.5YR 4/6. 5YR 4/8. 5/6, 5/8); 
fine gravelly coarse sand to light sandy clay loam; 
massive. Field pH 6.0 to 6.5. 

Variant: Yellow-brown B2 (7.SYR 0/6) 

Sites: l, 18, 218. 235, 27l, 358, 360. 366, 386, 400 

Soil t y~ :  

Concept: 

Great soil group/s: 

Prmdple profile form: 

Substrate material: 

Soil landscape unit: 

Predominant vegetation: 

Surface conditions: 

MieroreUef: 

c 

0 *r . A, 

0 zt 

Hil[view 

Fine gravelly red massive gradational to uniform soil on 
alluvial fans 

Red earth 

Gn2.14. Gn2.1L Um4.2k Gn2.24, Um4.23 

Quaternary alluvia from carboniferous granites 

Upper slopes of alluvial fans derived from granite. Slopes 
2 to t4cfc. Modal slope 6~7c. 

Open forest to woodland. Swamp mahogany, bloodwood, 
white stringybark 

Hardsetting, occasionally loose 

Nil 

AI: Dark (SYR 3/1, 3/2, 7.SYR 2/1. 2/2. 3/2. 3/3, 
10YR 2/2): fine gravelly loamy sand to sandy clay 
loam; massive to weak 2 to I0 mm casts. Field 
pH 5.8 to 6.3. Gradual to dif0ase change to - 

A2: Frequently c~oars. Red. red-brown or brown (2.5YR 
4/3, 5YR 3/4. 4/2, 4/3. 4/4, 5/4. 7.5YR 4/3, 5/3): 
fine gravelly loamy sand to sandy clay loam: 
massive. Field pH 5.5 to 6.3. Gradual to diffuse 
change to - 

A3/BI:Red or red-brown (2.5YR 4/3, 4/4, 4/6, 5 /6 .5YR 
4/4. 4/6. 5/6);  fine gravelly sandy clay loam to sandy 
clay and light clay; massive. Field pH 5.5 to 6.3. 
Diffuse change to 

B2: Red or red-brown (10R 4/8, 2.SYR 4/6, 4/8, 5/6. 
5YR 4/6, 5/6, 5/8); fine gravelly sandy clay loam 
to medium clay; massive to weak 5 to 10 mm 
blocky. Field pH 5.5 to 6.0. 

Sites: 6, 90, 118, 249, 256, 265, 269, 331, 356, 367, 3b8, 
410 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile f o r m :  

Sub6trate matclSal: 

Soil landscape unit: 

PrcdominaRt vegetation: 

Surfa~ r 

Microrniief: 

0 
o 0 s .  A~ 

040 

Ba 

, ~  120 

qqlorpe 

Fine gravelly, yellow-brown or yellow, massive gradational 
to uniform soil on alluvial fans. 

Yellow earth 

Gn 2.24, Um 4.23, Gn 2.64 

Quaternary. alluvium from carboniferous grahites 

Mid slopes of alluvial fans derived from granite. Slopes 
1 to 4c/~. Modal slope 3%. 

Open forest to woodland. Swamp mahogany. 

Hardsetting and loose 

Nil 

AI: Dark or brown (5YR 3/1, 7.5YR 3/2, 3/3, 10YR 
3/2, 3/3);  fine gravelly sandy loam to sandy clay 
loam; massive to weak 2 to 10 mm casts. Field 
pH 6.0. Gradual to diffuse change to - 

A2: Brownoryellowbrown(7.5YR4/3,4/4. IOYR5/4); 
fine gravelly sandy loam to sandy clay loam: 
massive Field pH 5.8 to 6.0 Diffuse change to - 

BI: Yellow-brown or yellow (7.5YR 5/6. IOYR 5/4.-  
5/6); fine gravelly sandy day loam to sandy clay; 
massive. Field pH 5.8 to 6.0. Diffuse change to - 

B2: Yellow-brown or yellow (7.5YR 5/6. 5/8, 0/6, 6/8. 
10YR 5/6); fine gravelly sandy clay loam to light 
medium clay: massive. Field pH 5.8 to 6.0, 

Sites: 329. 330, 385. 388, 389 

Soil tam: 

Concept: 

Great soil groul~: 

Principle profile form: 

S,abstrata material: 

Soil landsea~ unit: 

Prcdommaut vegetation: 

Surfa~ condidom: 

Mieroreliaf: 

ooI 

\ \ \  n 

\ \  

\ 
)~ 

Lugger 

Fine gravelly, bleached, mottled, yellow-brown or grey 
massive uniform to gradadonal soil on alluvial fans 

(Bleached) earthy sand. (bleached) grey earth 

Uc2.22, Gn2.94. Ur Uc3.2L Uc4.24, GA2.81 

Quaternary alluvium from carboniferous granites 

Lower slopes of alluvial fans derived from granite, Slopes 
0 to 4~7e. Modal slope 1%. 

Woodland. Mainly swamp mahogany, bloodwood, broad 
leaf tea-tree. Broad leaf tea-tree becomes dominant on 
wetter areas. 

Loose and hardsetting 

Nil 

AI: Dark or grey-brown (5YR 3/ I. 7.SYR 2/2.3 /2. 4/2, 
10YR 2/2, 2/3, 3/2); fine gravelly loamy coarse 
sand to light sandy day loam: massive. Field pH 
5.5 to 6,0. Diffuse change to - 

A2: Grey-brown, brown, yellow-brown or grey (7,5YR 
4/2, 5/3, 10YR 5/2. 6/2, 6/3, 2.5YR 6/2): fine 
gravelly loamy coarse sand to light sandy clay loam: 
massive; frequently conspicuously bleached. Field 
pH 5.5 to 6.0 Diffuse change to - 

B2: Mottled: yellow-brown, grey or brown (7.5YR 6/4, 
10YR 5 /3 .5 /4 .6 /2 ,  6/3, 6/4. 7/3.2.5YR 6/2); fine 
gravelly sand to sandy clay loam and occasionally 
sandy clay; massive. Field pH 5.5 to 6.0. 

Sites: 14, 17. 24. 25.27, 39, 41.68, 69. 71, 217, 308 
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Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate material: 

Soil landscape unit: 

Predominant vegetation: 

Surface conditions: 

Microre fief: 

c 

OZS " \ ~ .  
'\ \ \  

\ \ :  "x ,s 

\\ 
82 \\ 

0;o 

Arno[ 

Bleached. mottled, yellow-brown sand on alluvial fans 

(Rudimentary.) podzol. (bleached) earthy sand 

Uc2.22, Uc2.21. Uc4.21. Uc4.24. Uc2.23. Uc5.23 

Quaterna~ alluvium from Glen Gordon volcanics 

Lower slope~ of alluvia[ fans derived from Glen Gordon 
volcanics. Slopes 0 to 5eL Modal slope I to 2c~. 

Woodland to open forest. Mainlyhloodwood.Acaciaspp.. 
swamp mahogany. 

Loose and hardsetting 

Nil 

Ah  Dark or grey-brown (SYR 3/I ,  4/I .  7.5YR 2/1. 
10YR 2/2, 3/1); sandy loam to light sandy clay 
loam; massive to weak 2 to t0 mm casts. Field 
pH 5.8 to 6.0. Gradual to diffuse change to - 

A2: Grey-brown, grey. yellow-brown or occasionally 
brown (7.5YR 4/4, 6/2, 10YR 5/2, 6/2, 6/3, 2.5Y 
7/2); loamy sand to light sandy clay loam and fine 
sandy loam; apedal: frequently conspicuously 
bleached. Field pH 5.5 to 6.0. Diffuse change to 

B2: Mottled: yellow-brown or yellow (7.5YR 5/6. 7/3. 
10YR 4/2, 5/3. 6 /3 .6/6 .  7/4); loamy sandy to light 
sandy clay loam; apedaL Field pH 5.5 to 6.0. 

Sites: 53, 94, 96, 165. 179, 274, 277, 306, 33b 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 
Subswate material: 

Soil landsea~ unit: 

Predominant vegetation: 

$urfao* conditions: 

Microrelief: 

02o~176 AI~  
3o 

0 ss 
0 r0 

sz ' ~9o 

Cudmore 

Bleached. mottled, yellow-brown or grey, gradationa[ soil 
on alluvial fans 

No suitable group, affinities with soloth 

Gn3.04. Dy3,81, Gn2.94. Gn3.81 

Quaternary. alluvium from Glen Gordon volcanics 

Lower slopes of alluvial fans derived from Glen Gordon 
volcanics. Slope I to 4%. Modal slope [ to 2C/c. 

Woodland. Broad leaf tea-tree, swamp mahogany, 
bloodwood 

Hardsetting 

Nil 

Ah  Dark or grey-brown (7.5YR 3/2. 4/2. i0YR 2/2): 
fine sandy loam to loam fine sandy; massive. Field 
pH 5.8 to 6.0. Clear to diffuse change to - 

A2: Occasionally mottled; grey-brown, grey, 
yellow-brown or brown (7.5YR 6/2. 6/3. 7/3, 7/4, 
10YR 5/3, 5/4, 6/2): fine sandy loam to loam fine 
sandy; massive: conspicuously bleached. Field pH 
5.8 to 6.0. Clear to diffuse change to - 

A.3/BhMottled; yellow-brown or yellow ( 10YR 6/3, 6/4, 
6/6, 7/3); light fine sandy clay loam to fine sandy 
clay; massive; < 1 to t0% manganiferous nodules 
frequently occur. Field pH 5.8 to 6.0. Diffuse 
change to - 

B2: Mottled; yellow-brown, grey. yellow-grey oryeliow 
(10YR 5/3, 6/4. 6/6, 7/2, 7/3, 2.SYR 6/3); sandy 
clay and light clay to medium clay, occasionally 
sandy clay loam; weak to moderate 10 to 50 mm 
blocky, occasionally massive: < I to > i0% 
manganiferous nodules. Field pH 5.8 to 6.0. 

Sites: 167, 177, 205, 258, 279, 307, 397 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 
Substrate material: 

Soil landscape unit: 

Predominant v~getatiott: 

Surface conditions: 
Microrelief: 

o 0 0 s ~  

0,o 

\ 

1 12o 

Runguo 

Fine gravelly, bleached, mottled, grey or yellow-brown 
duplex soil on alluvial fans 

No suitable group, affinities with soloth 

Dy3.4t, Dy3.81, Gn3.84 

Cainozoic alluvium from carboniferous granite 

Lower slopes of alluvial fans derived from granite. Slopes 
2 to 6%. Modal slope 4%. 

Woodland. Broad leaf tea-tree, poplar gum, swamp 
mahogany. 

Hardsetting 

Nil 

A h  Dark or grey-brown (5YR 3/1. 7.5YR 3/2, 4/1. 
10YR 2/2); loamy sand to light sandy clay loam; 
massive to weak 2 to 10 mm casts. Field pH 5.8 to 
6.0. Gradual to diffuse change to - 

A2: Mottled: grey or yellow-brown (10YR 5/2.5/3,  6/3. 
7/3); fine gravelly loamy sand to light sandy clay 
loam; massive; conspicuously bleached. Field pH 
5.8 to 6.0. Clear to gradual change to - 

B2: Molded; grey yellow-brown or yellow (IOYR 5/3, 
6/2, 6/3, 6/4. 6/6, 6/'8, 7/2): f ne grave y sandy clay 
to medium clay; strong 10 to 50 mm blocky or 
prismatic, occasionady massive. Field pH 5.5 to6.5. 

Sites: 2, 135, lbl,  184, 266, 364. 408 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 
Substratr nmtetSal: 

Soil landscape unit: 

Predominant vegetation: 

Surface conditions: 

Microrelief: 

od ~ 
~ olo 

~"4~. 0,o 
so 

It, o 

Porter 

Bleached, mottled, grey or yellow-brown duplex soil on 
alluvial fans 

�9 Soloth. solodie soil 

Dy3.4L Dy3.42 

Cainozoic alluvium from Glen Gordon volcanics 

Lower slopes of a0uvia[ fans derived from Glen Gordon 
volcanics. Slope 2 to 4%. Modal slope 2%. 

Woodland. Mainly broad leaf tea-tree. 

Hardsetting 

Nil 

AI: DArk. grey-brown or grey (5YR, 3/L 7.SYR, 4/2 
10YR, 2/2, 3/2. 4/2); fine sandy loam to loam fine 
sandy; massive. Field pH 6.0 to 6.3. Clear to 
gradual change to - 

A2: Mottled; grey grey-brown or yellow-brown (7.SYR 
6/2 10YR 5/3, 5/4, 6/2, 7/2); sandy loam to light 
sandy day loam; massive; conspicuously bleached. 
Field pH 5.5 to 6.0. Clear change to - 

BI: Mottled; yellow or yellow-brown (10YR 5/6. 6/3, 
6 /4  6/6): sandv clay, light clay to sandy light 
reed um clay weak to'moderate 5 to 20 mm bloc~- 
Field pH 5.5 to 6.0. Gradual to diffuse change to 

B2: Mottled; grey, yellow-brown, yellow-grey or yellow 
(10YR 5/4, 6/2. 6/3, 6/4, 6/6, 2.5YR 6/3) which 
becomes paler at depth; medium to medium heavy. 
clay strong 10 to 50 mm blocky <1-,':7c 
manganiferous nodules occas onally occur Fieid 
pH 5.5 to 7.7. 

Sites: 3, 44, 45, 275, 382, 383, 391, 409 
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Soil t3~e: 

Concept: 

Great soil group/s: 

principle profi le form: 

Substrate material: 

SOil landscape unit: 

Predominant vegetation: 

Surface co ndilioos: 

Microrefief: 

0 

0 lo AI 

\ \  

\ \  ~ss 

s2 

iza 

Blue,~ater 

Red-brown. massi~ e uniform to gradational soil developed 
on creek alluvial plains 

Red earth 

Um4.21. Um5.52. Gn2.14, Gn2.24, Gn2.l l .  Um4.23. 
U m4.22, Gn2.44 

Quaterna~ alluvium 

Levees. terraces, prior streams of the creek alluvial plains 

Woodland. Mainly bloodwood, swamp mahogany with 
Moreton Bay ash. ironbarks and cock w apple eonsptcuous 

Hardsetting. occasionally loose 

Nil 

A h Dark (5YR. 3 / t ,  7.5YR 3/2, IOYR 2/2); sandy clay 
loam to clay loam fine sandy, occasionally sandy 
loam; massive to weak 2 to 10 mm casts. Field 
pH 5.5 to 6.0. Gradual to diffuse change to - 

A2: Frequently occurs. Brown or grey-brown (7.5YR 
3/3, 4/2, 4/3, 4/4. 10YR 3/3); sandy clay loam to 
clay loam fine sandy; massive. Field pH 5.5 to 6.0. 
Diffuse change to - 

A3/B :Frequently . . . . . . .  B . . . . .  yellow-brown 4~r 
red-brown (5YR 4/4. 7.5YR 4/4. 5/6, uxPt ~/ ~; 
sandy day loam, clay loam fine clay loam and sandy 
clay; massive to weak 5 to 10 mm polyhedral. 
Field pH 5.5 to 6.0, Diffuse change to - 

B2: Red.brown.brownoryellow-hrown(2.5YR4/6.4/8. 
5YR 4/6  5/6, 7.5YR 4/6. 10YR 4/6); sandy clay 
loam to light medium clay; massive to weak 5 to 
10 mm polyhedral. Field pH 5.5 to 5.8. 

Sites: 10, 11, 13, 20. 114, 232" 233, 245, 259 

soil type: 

Concept: 

Great soil group/s: 

Principle profi le form: 

Sol~trale material: 

Soil landscape unit: 

Prcdoml~.ut vegetation: 

So~ace condition: 

Microretief: 

01o 
ols 

o2s 

AI 

\ 

0~ 

.z 

izo 

Canoe 

Yellow. massive, uniform to gradati0na[ soil developed 
on creek alluvial plains 

Yellow earth 

Um4.23, Gn2.24 

Quaternary. alluvium 

Levees, terraces and prior streams of the creek alluvial 
plains. 

Woodland. Mainly swamp mahogany, bloodwood. 

Hardsetting 

Nil 

AI: Dark or grey-brown (5YR 3/1, 7.5YR 2/2.3/2" 4/2'  
IOYR 2/2. 3/2);  sandy clay loam to clay loam fine 
sandy; weak 2 to 10 mm casts. Field pH 5.5 to 6.0. 
Clear to diffuse change to - 

A2: Brown(7 .5YR4/3 ,4 /4 .10YR4/3 ,4 /4) ;  sandyclay 
loam to clay loam fine sandy; massive. Field pH 
5.5 to 6.0, Clear to diffuse change to - 

BI: Brown or yellow,brown (7.5YR 4/4 .5 /6 ,10YR 4/4, 
5/4. 6/4);  sandy clay loam to sandy clay; mass~ve 
to weak 5 to 10 mm blocky; < 1% manganiferous 
nodules occasionally occur. Field pH 5.5 to 5.8. 
Diffuse change to - 

B2: Frequently mottled; yellow or yelfuw-brown (7.5YR 
5/6, 10YR 5/6. 5/8, 6/6): sandy clay toam to light 
medium clay; massive to weak 5 to 10 mm 
polyhedral. Field pH 5-5 to 5.8, 

Sites: 5, 12, 47, 95, 116, 229, 257 

Soil type: 

Concept: 

Great sod group/s: 

Principle profile form: 

Substrata mat~dal: 

SOil landscape unit :  

Predominant vegetation: 

Surface conditions: 

Microretief: 

0 lO A1 

\ \  

\ \  

Lee 

Mottled. grey, massive, uniform to gradational soil 
developed on creek alluvial plains 

Grey earth 

Um5.52. Gn2.81, Gn2.84, Um4.25, Gn2.94. Um2,22 

Quaternary alluvium 

Levees, terraces and prior streams of the creek alluvial 
plains 

Woodland to uven forest. Mainly swamp mahogany. 
bloodwood 

Hardsetting 

Nil 

A h  Darkorgrey-brown(SYR3/1.3/2" 7/SYR2/1,3/L 
3/2. 4/2, 10YR 2/2. 3/1, 3/2);  sandy clay loam to 
clay loam; weak to moderate 2 to 10 mm casts. 
Field pH 5.5 to 6.0. Gradual to diffuse change to 

A.2: Occasionally occurs. Grey or yellow-brown ( 10~(R 
6/2, 5/3);  sandy clay loam to clay loam; massive: 
frequently bleached. Field pH 5.0 to 6.0. Diffuse 
change to - 

A3/B Brown grey.brownorgrey(7.5YR4/2,5/l. 10YR 
4/3, 4/4, 5/2. 5/3, 6/3); sandy clay loam to sandy 
clay; massive. Field pH 5.0 to 6.0. Diffuse change 
to-  

B2: Frequently mort ed; grey or yellow-brown (7.SYR 
5/2, 10YR 5/3 .5 /4 .  6/2 6/3~ 6/4, 7/2, 2.5Y 7/1); 
sandy clay loam to sandy clay; massive to weak 5 
to 10 mm blocky; < 1 to 5~7c manganiferous nodules 
occasionally occur. Field pH 5.0 to 6.5. 

Sites: 15. 16, 23. 31, 67. 89, 117, 119, 124, 126. 260, 308 

Soft tyl~: 

Concept: 

Great  soil group/s: 

Princlple pro6Je form: 

Substratc matcrial: 

Soil landscape unit: 

Su~ace condJdous: 

Microrr 

0 
00s ~ A1 

o,5 \ \  

\ \  \ \  
\ sl \ 

\ \ \ \ \  OrS 

92 \ \Io 9s 

1 2 o k ,  120 

A.shton 

Bleached. mottled, yelfuw-brown, yellow or grey. massive, 
gradational to uniform soil on prior streams of the creek 
alluvial plains 

Yellow and g~ey earth, (bleached) earthy sand 

Gn2,94, Gn2.91, Gr12.64, Uc2.23, Uc4.24. G n2.24, Uc4.21 

Quaterna~ alluvium 

Prior streams of the creek alluvial plains 

Woodland. Swamp mahogany, bloodwood usually with 
Acacia spp. and poplar gum conspicuous 

Loose and hardsetting 

Nil 

AI: Dark or grey-brown (5YR 3/1. 7.4YR 3/2" 4/2. 
10YR 2/1, 2/2. 3/2);  sandy loam to light sandy clay 
loam; massive to weak 2 to 10 mm casts. Field pH 
5.5 to 6.0. Gradual to diffuse change to - 

A2: Brow~ grey or yellow-brown (7.5YR 4/3, 6/3. 10YR. 
4/4, 5/2, 5/3, 6/2. 6/3, 7/3); loamy sand to light 
sandy clay loam; massive; frequently bleached. 
Field pH 5.5 to 6,0. Diffuse change to - 

BI: Frequently occurs. Yellow-brown or grey (10YR 
5/4, 6/4, 7/2); light sandy clay loam to sandy clay 
loam; massive. Field pH 5.5 to 6.0. Diffuse change 
to -  

B2: Frequently mottled; yetlow-brown, yellow or grey 
(7.5YR 5/6. 6/6, 10YR 5/6, 6/3. 6/4. 6/6, 7/2. 7/3, 
2.5Y 7/2); loamy sand to sandy clay: massive.Field 
pH 5.5 to 6.0. 

Sites: 28. 34, 37. 38. 57, 112, 163. 186, 216, 221. 242 
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Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate material: 

Soil landscape unit: 

Predominant vegetation: 

Surface conditions: 

Microrelief: 

00s 

0 1 s ~  ~s 
o zo 

o~ 
o15 

\ \  
\ 

\ 
\ 

*2q 120 

Manor 

Bleached. mottled, yellow-brown or }ellow, gradational 
to duplex ,oil devel~)ped on creek alluvial plains 

No ,uilable grt)up, affinities with ~oloth 

Gn3 0f. Dy3.3 I, G n3.74, Gn3.q4. Dy3.21. Dy3.4t. Gn3.04 

Ouaterna~ alluvium 

Alluvial plains of the creek alluvial plains 

Woodland.Swamp mahogany, poplar gum, broad leaf 
tea-tree, bloodwood. 

Hardselting 

Nil 

AI: Darkorgrey(7 .5YR2/2 ,3 /2 .  10YR2/2 ,3 /2 ,4 /2) ;  
clay loam to clay loam fine sandy; weak 5 to 10 mm 
blocky to moderate 2 to 5 mm casts. Field pH 5.5 
to 6.0. Clear to gradual change to - 

A2: Mottled; yellow-brown, grey. grey-brown or brown 
(7.5YR 4/2, 10YR 4/2, 4/3. 5/2, 5/3, 5/4, 6/3); 
clay toam to clay loam fine sandy; massive to weak 
5 t'o 10 mm blockw; < 1 to 5% manguniferous 
nodules; frequently sporadically bleached. Field 
pH 5.5 to 6.0. Clear to gradual change to - 

BI: Frequently occurs. Mottled; yellow-brown, yellow 
or grey (7~5YR 4/2, IOYR 5/3, 5/4, 5/6, 6/2, 6/4): 
heavy clay loam to light clay; weak to moderate 5 
to l0 mm blocky/sub-angular blocky; < l %  
manganiferous nodules. Field pH 5.5 to 6.0. 
Gradual to diffuse change to - 

B21: Mottled; yellow-brown or yellow (10YR 5/3, 5/4, 
5/6. 6/4); "light to medium clay; moderate to strong 
5 to 20 mm blocky/sub-angular blocky; < 1~7c 
manganiferous nodules. Field pH 5.5 to 6.0. Diffuse 
change to - 

B22: Mottled; grey or yellow-brown (10YR 5/2, 6/2, 
6/3, 6/4, 2.5Y 5/L 6/2, 5Y 5/1); light medium to 
heavy day; strong blocky/sub-angular blocky; < I% 
manganiferous nodules. Field pH 5.5 to 6.5. 

Sites: 4, 8, 9, 21, 22. 42, 43. 46, 99, 102, I05, 402 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate material: 

Soil landscape unit: 

Predominant vegetation: 

Surfaoc conditions: 

Microrelief: 

o 0 
00s ~ 

0 3 0 ~  .... oio 

Ahhaus 

Bleached, mottled, yellow-brown or grey duplex soil with 
a light textured (LS to light SCL) A horizon developed 
on creek alluvial plains 

Soloth 

Dy3.4 I, Dy3.8 I 

Quaternary. alluvium 

Alluvial plains and edges of prior streams on the creek 
alluvial plains 

Woodland. Broad leaf tea-tree, poplar gum, swamp 
mahogany 

Hardsetting 

Nil 

Ah  Dark, grey-brown or grey (5YR 3/1.7.5YR 3/2. 4/2, 
10YR 3/2.4/2);  loamy sand to light sandy clay loam; 
massive to weak 2 to 10 mm casts. Field pH 5.5 to 
6.0. Gradual to diffuse change to - 

A2: Mottled; grey. yellow-brown or brown (7.5YR 6/3. 
7/3. 10YR 5/3. 6/2. 6/3, 7/3); loamy sand to light 
sandy clay [dam; massive; conspicuously bleached. 
Field pH 5.5 to 6.0. Clear to abrupt change to - 

A3: Occasionally occurs usually in association with 
thicker A horizon. Mottled; yellow-brown or brown 
(7.5YR 6/3. 10YR 5/3. 6/3. 6/4. 7/4); sandy clay 
loam; massive; conspicuously bleached. Field 
pH 5.5 to 6.0. Gradual to abrupt change to - 

B2: Mottled; yellow-brown, grey. brown or yellow-grey 
(7.SYR 5/3, 5/4. 10YR 5/2, 5/3, 5/4, 6/2. 6/3. 6/4. 
2.5YR 6/3); which becomes paler at depth; fine 
gravelly sandy clay to heavy clay; strong 10 to 50 
mm blocky or prismatic, occasionally massive. Field 
pH 5.5 to 6.5 

Sites: 29. 32, 35, 36, 40. 50, 188. 195, 273. 399. 401, 403. 
404 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Sol~trate material: 

Soil landscape unit: 

Predominant vegetation: 

Surface conditions: 

Microrelief: 

O2O ~ ) 3 S  

120 

Lannercost 

Bleached. mottled, grey or yellow-brown duplex soil with 
a medium textured (SCL to CLFS) A horizon developed 
on creek alluvial plains 

Soloth 

Dy3.4 L Gn3.05 

Quaternary alluvium 

Alluvial plains of the creek alluvial plains 

Woodland. BIuad teal tea-tree, poplar gum, swamp 
mahogany 

Hardsettin 8 

Type: Debil-debil 
Horizontal interval: 1 to 2m 
Vertical interval: 0.2 to 0.3m 

AI: Dark or grey-brown (7.5 YR 3/2, 4 /1 .4 /2 ,10YR 2/2, 
3/2, 4/2); sandy clay loam to clay loam fine sandy: 
occasionally loam fine sandy; massive to weak 5 to 
l0 mm casts. Field pH 5.5 to 6.0. Clear to diffuse 
change to - 

A2: Mottled; grey. grey-brown or brown (7.5YR 5/2, 
6/3, 7 /3 ,10YR 5/2, 6/1, 6/2, 7/2); sandy clay loam 
to clay loam fine sandy: occasionally fine sandy 
loam; massive; < 1 to 10% manganiferous nodules; 
conspicuously bleached. Field pH 5.5 to 6.0. 

Abrupt to clear change to - 

B21: Mottled; grey or yellow-brown (10YR 5/2. 5/3. 
6/2. 6/3);  sandy clay to medium clay; moderate to 
strong 10 to 20 mm blocky and prismatic; < 1 to 
10~c manganiferous nodules. Field pH 5.0 to 6.5. 
Diffuse change to - 

B22: Mottled; grey or yellow-grey (10YR 5/2, 6 / l .  6/2, 
7/2. 2.5YR 6/2, 6/3, 7/2): medium to heavy clay; 
strong l0 to 50 mm blocky; manganiferous nodules 
occasionally occur. Field pH 5.0 to 6.5. 

Sites: 19, 33. 62. 70. 115, 169, 222. 243. 247. 26L 278. 
328, 400. 405 

Soil type: 

Concept: 

Great soil group/s: 

Priadplc protU�9 form: 

Subsu'a.tr malarial: 

Soil landscape ,mlu 

predominant vegetation: 

Surface conditions: 

Microrefief: 

0 

I s22 

1 21 ~ 2o 

Ripple 

Bleached. strongly mottled, grey or grey-brown duplex soil 
developed on creek alluvial plains. 

Soloth 

Dy 3.41, Dg 2.41 

Quaternary alluvium 

Alluvial plains of the creek alluvial plains 

Woodland to open forest. Broad leaf tea-tree, swamp 
mahogany, forest red gum 

Hardsetting 

Type: Debil-Debd 
Horizontal interval: 1 to 2m 
Vertical interval: 0.2 to 0.3m 

Ah Dark, grey-brown or grey (5YR 3/1.7.5YR 4/1, 4/2. 
10YR 3/1, 3/2, 4/2, 4/3);  loam fine sandy to clay 
loam fine sandy and silty, clay loam; weak to 
moderate 2 to 5 mm casts. Field pH 4.8 to 6.3. 
Gradual to diffuse change to - 

A2: Mottled; grey, grey-brown or yellow-brown ( 7.5YR, 
10YR 5/2, 6/2. 6/3); sandy clay roam to clay roam 
fine sandy and silty clay loam; massive; < t% 
manganiferous nodules occasionally occur; 
conspicuously bleached. Field pH 4.8 to 6.0. Abrupt 
to dear  change to 

B21: Mottled; grey, grey-brown or yellow-brown (7.SYR 
5/2, 6/1, 10YR 5/2, 6 / L  6/2. 6/4, 7/1, 7/2); 
medium to heavy clay; moderate to strong 10 to 50 
mm blocky; <1 to >10% mangaalferous nodules. 
Field pH 4.8 to 6.0. Diffuse change to - 

B22: Mo ed; greyorgrey-brown(7.5YR6/2, 7/1, lOYR 
6/1, 6/2. 7/2, 2.5YR 6/2, 5Y 6/1); heavy cay; 
strong 10 to 50 mm blocky.. Field pH 4.8 to 6.0. 

Sites: 88, 92, 93, 133, 292, 293, 335, 338. 339 
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Soil type: 

Concept: 

Great  soil group/s: 

Principle profile form: 

Substrate material: 

Soil landscape unit: 

P r e d o m i n a n t  vegetatiorl: 

Surface conditiom: 

Microreliefi" 

o o 
o os A1 
OlO olo 

o 3s 

fiyabra 

Neutral to alkaline, bleached, mottled, grey or 
yellow-brov, n duplex soil ~ith a light textured ( IS  to 
LFSY) A horizon developed on creek alluvial plains. 

Solodic soil. solodised solonetz 

Dy3.43, Dy 3.42. Dy 3.83 

Quaternary Alluvium 

Alluvial plains of the creek alluvial plains 

Woodland Io open woodland.Broad leaf tea-tree with 
ghost gum consptcuous 

Hardsetting 

Nil 

AI:  Dark or grey-brown (7.5YR 3/2, 4/2, 10YR 2/2, 
3/2);  loamy sand t0 loam fine sandy; massive to 
weak 5 to 10 mm casts. Field pH 5,5 to 6.3. Clear 
to gradual change to - 

A2.: Mottled: grey, grey-brown, yellow-brown or brown 
(7.5YR 6/3. 7/1, 7/3. IOYR 5/2. 6/2, 7/3): loamy 
sand to light sandy clay loam; massive: <1% 
mangani ferous  nodules frequent ly occur; 
conspicuously bleached. Field pH 5.5 to 6.3. Abrupt 
change to - 

B21: Mottled; grey or yellow-brown (10YR 5/3, 6/2, 
6/3, 6/4, 2.5Y 5/-4); sandy clay to heaw clay: 
strong 10 to 50 mm blocky or >50 mm columnar; 
< I% manganiferous nodules and feldspar. Field 
pH 5.5 to 6.5. Diffuse change to �9 

B22: Mottled; grey or yellow-grey (10YR 4 / L  6/3, 7/1 
2.5Y 5/2. 6/2. 6/3, 7/3, 5Y 6/2);  medium to heavy 
clay; strong 20 to 50 mm blocky; 1 to 10% feldspar 
and lime nodules frequently occur. Field pH 7.0 to 
9.5. 

Sites: 52, 54. 166, t97. 231, 272, 359 

Soil type: 

Concept: 

Great  soft group/s: 

Principle profile form: 

Subetrate material: 

Soil l~s~ape unie 

Predominant vegetation: 

Soffar162 condition: 

Microrelie f:. 

00s A1 

0 3 s  

0 ~ s  

1 0 0  

1 2 1 20 

Yuruga 

Neutral to alkaline, bleached, mottled, yellow-brown or 
grey duplex soil with a medium textured (LFSY to CLFS) 
A horizon developed on creek alluvial plains 

Solodic soil 

Dy3.43, Dy3.42, Dy3,33, Dy3.32, Db2.43 

Quaternary alluvium 

Alluvial plains of the creek alluvial plains 

Woodland. Poplar gum usually with broad leaf tea-tree, 
forest red gum. narrow leaved iron barL swamp mahogany 
present 

Hardsetting 

Nil 

AI:  Dark or grey-brown (5YR 3/2, 4/ L 7.SYR 3/2. 4/2. 
4/3, LOYR 2/2, 3/2, 4 /2  loam fine sandy to clay 
loam fine sandy; massive to weak 2 to 10 mm casts. 
Field pH 5.5 to 6.0. Gradual to diffuse change to 

A2: Mottled; grey. grey-brown, yellow-brown or brown 
(7,5YR 5/2. 6/2. 6/3, 10YR 5/2, 5/3. 6/2. 6/3);  
loam fine sandy to clay loam fine sandy; massive; 
< 1 to 10~r manguniferous nodules; conspicuously 
bleached. Field pH 5.5 to 6.0. Abrupt to clear 
change to - 

B21: Mottled; yellow-brown, grey, grey-brown or brown 
(7.5YR 4/2. 4/3,  5/2. 10YR 4/2. 5/2,  5 /3 .5 /4 ,  6/3, 
6/4, 2.5Y 5/2);  medium to heavy clay, strong 10 to 
20 ram blocky and or prismatic; < l to 10% 
manganiferous nodules and feldspar frequently 
present. Field pH 5.5 to 7.0. Diffuse change to - 

B22: Mottled; grey (10YR 5/2, 6/1, 6/2. 2.5Y 4/2. 5/2,  
6 / I ,  5Y 6/27; heavy clay: strong 10 to 50 mm 
blocky and or prismatic, < lto 5% feldspar and lime 
nodules frequently occur. Field pH 7.5 to 9.5 

Sites: 51.56,  6L  127, t54, 156, 158, 159, 189, 196, I98, 
219, 270, 276, 414 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate material: 

Soil landscape unit: 

Predominant vegetation: 

Su~ace eonditiom: 

Microretief: 

0 , 0 

one - -  ~ ~ _ _ _ olo  

o 40 ~ az2 

~ao \ \ \ \  

Sema 

Gilgaied. alkaline, grey clay developed on the creek 
alluvial plains 

Grey clay 

Ug5.24, Ug5.35 

Qua te rna~  alluvium 

.Mluvial plain of the creek alluvial plains 

Open woodland to woodland. Poplar gum, forest red 
gum, tldl[OW ',~a~ed iron bark 

Cracking and weak self mulching. 

Type: Normal gilgai 
Horizontal interval: 3 to 5 m 
Vertical interval: 0.2 m 

Al l :  Mottled: dark (7.5YR 3 / I ,  10YR 3 / I ,  3/2): light 
medium clay, moderale 2 to 10 mm granular. Field 
pH b.0 to 6.5. Clear change to - 

BI: Mottled: grey-brown or dark (7.5YR 4 / I .  10"tR 
2/2):  medium clay: strong 2 to 10 mm sub*angular 
blockw or angular blockw, Field pH b.0 to 7.0. 
Gradual change to - 

B21: Mottled: grey-brown or brown (7.5YR 4/2. 10YR 
4/3): medium heavy, to heavy, clay: 5 to 20 mm 
sub-angalar block w or angular block% Field pH 6.0 
to 9.0. Diffuse change to - 

fi22: Grey ( IOYR 4 / I .  ~t/2): heavy clay: strung structure: 
lime nodules in lower horizon. Field pH b.Oto q.O. 
Diffuse change to - 

B23: Grey ( 10YR 5 / t .  5/27: heavy clay: strong structure: 
1 to > 10el lime nodules Field pH 8.8 to 9.0. 

Coarse sand occurs throughout the profile. 

Sites: 413. 415, 416 

Sod type: 

Concept: 

G r e a t  soil group/s: 

Pfimdplr profile f o r m :  

Substrate material: 

Soft landscape unit: 

Predomm~mt vegutation: 

Surface cooditioas: 

Mictorefief: 

0 

0 1 0 ~  

C 

1 2(J 

Hawkins 

Alluvial sand with minimal profile development developed 
on river alluvial plains 

Alluvial soil 

Uc 1.23, Ucl.21 

Quaternary alluvium 

Lower channel benches of the river alluvial plains 

Cleared 

Loose 

N i l  

t AI:  Brown (7.5YR 4/3, 5 /4 ,10YR 4/3);  sand; apedal. 
Field pH 6.0 to 6.5. Clear change to - 

C: Layering occurs with considerable variation in the 
profile. Brown or grey-brown (5YR 4/2, 7.5YR 4/3, 
4/4,  5/4,  6/4,  10YR 4/4,  ); sand and loamy sandy 
to clay loam fine sandy; apedal to moderate fine 
blocky. Field pH 5.5 to 6.3. 

Sites: 193, 390, 394 
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Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate tllaterial: 

Soil land.scape umt: 

Predominant vegetation: 

Su~a~e conditions: 

Microrefief: 

" , \  
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Tinkle 

Brogn earthy sand devetoped im river alluvial plains 

IBrov, n) earthy sand 

Uc5.21 

Quaternary alluvium 

Channel benches of lhe river alluvium plains 

Open woodland. Moreton Bay ash 

Hardsetting or loose. Cobble occurs on the surface and 
in the profile 

Nil 

AI: Dark (5YR 2/2. 3 / l ,  7.SYR 3/2): loamy sand to 
fine sandy loam; massive to weak 2 to 10 mm casts. 
Field pH 6.0 to 6.5. Diffuse change to - 

A3: Dark or brown (7.SYR 3/2. 3/3): loamy sandy to 
sandy loam; massive. Field pH 5.8 to 6.3. Diffuse 
change to - 

B2: Brown (5YR. 7,5YR 3/3. 4/3, 4/4); loamy sand to 
sandy loam; massive. Field pH 5.8 to 6.3. 

Sites; 157, 237. 264. 357, 363, 379 

Soil type: 

Cooeept: 

Great soil group/s: 

P'dnciple profile form: 

Substrate material: 

Soil lamtsca~ unit: 

Prodommam vegetation: 

Surface conditions: 

Microrelief: 

c 00~ 

~c ~ 4s 

120 

Macknade 

Dark or brown medium textured (LFSY to ZCL) A 
horizon over sandy C horizon developed on the river 
alluvial plains 

Alluvial soil 

No provision. Um7. II. Um6.32 

Ouaternary alluvium 

Channel benches and levees of the river alluvial plains 

Mostly cleared. Minor areas of closed forest, gainfurest 
species. Or woodland. Swamp mahogany 

Hardsetting 

Nil 

Ap/Al:Dark, brown or grey-brown (5YR 3/I  4/2. 7.5YR 
2/2.3/2,  4/2, 4/3, 10YR 3/2. 4/3); loam fine sandy 
to clay loam line sandy and silty clay loam. 
occasionally sandy clay loam; weak to strong 5 to 
10 mm blocky. Field pH 5.5 to 6.0. Abrupt to 
diffuse change to - 

C: Brown. yellow-brown or occasionally grey-brown 
(SYR 4/2, 7.SYR 4/3, 4/4, 5/3, 5/4, 10YR 5/4); 
sand to fine sandy loam; apedal. Field pH 5.5 to 
6.0, 

Variant: B2 occasionally occurs usually t00-200mm thick. 
Brown or rod-brown (5YR 4/4, 7.5YR 4/3, 4/4); 
sandy clay loam to clay loam fine sandy: massive 
to weak 5 to 10 ram blocky. Abrupt to diffuse 
change to C horizon. 

Sites: 79, 81, 87, 91, II3. 122, 123, 125, 129, t32, 142, 
176, 230, 297 

Soil type: 

Concept: 

Great sod group/s: 

Principle profile form: 

Substrate material: 

Soil landscape unit: 

Predommam vegetation: 

Surface conditions: 

Mic~,oreilef: 

10o 

12 120 

Herbert 

Brown structured clay loam fine sandy to silty clay team 
developed on the river alluvial plains 

Brown earth 

Um6.32. No Provision, Urn7.11 

Ouaternarr at%vium 

Channel benches and levees of the river alluvial plain 

Mostly cleared. Small areas of tall closed forests. 
gainforest species. 

Hardsettin8 

Nil 

Ap/Al:Dark (5YR 3/1.7.SYR 3/2, 10YR 2/2. 3/2); clay 
loam fine sandy to silty clay loam; moderate to 
strong 5 to 10 mm polyhodral/subangutar blocky,. 
Field pH 5.5 to 6.0. Clean to diffuse change to - 

B2: Brown (7.5YR 3/3, 4/3. 4/4. 5/4); clay loam fine 
sandy, silty c av loam to silly clay; moderate to 
strong 5 to I0"mm polyhedr~d/subangular blocky. 
Field pH 5.5 to 6.0. Gradual to diffuse change to 

D: Frequently occurs. Brown. yellow-brown or grey 
(7.SYR 4/4, 5/4 ,10YR 6/2, 6/3); fine sand to loam 
fine sandy; apedaL Field pH 5,5 to 6.0. 

Variant: Ap/AI: Brown, occasionally dark (SYR 3/1, 
7.SYR 3/2, 3/3 4/3. i0YR 4/3); clay loam fine 
sandy to silty clay loam; moderate 5 to 10 mm 
blocky C ear to gradual change to B2: Frequently 
mottled; brown (7.5YR 5/3, 5/4): c ay earn fine 
sandy, massive to weak 5 to 10 mm block; < 1 to 
10%'manganiferous nodules frequently occur 

Sites: 85.86. lOf. 104, 107, 109, 13,~, I40, 141. 160. 170. 
286. 287. 351 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate material: 

Soil landscape unit: 

Predominant vegetation: 

Surface conditions: 

Microrelief: 

0 

0e~ 

X NeZ2 ~ 0~s 

N N  
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Stone 

Dark. cracking clay developed on the river alluvial plains 

(Acid) black earth 

UgS.15, UgS.17, Gn3.41 

Ouaternap/ alluvium 

Channel bench of the river alluvial plains 

Cleared 

Cracking 

Nil 

Ap: Dark (5YR 3/1, 7.5YR 3/2); light medium clay, 
occasionally heavy clay loam; moderate 2 to 5 mm 
granular; coarse sand present. Field FH 6.0, Clear 
change to - 

B21: Mottled or whole coloured; dark (7.SYR 3/2, 
10YR 2/2); light medium clay to medium clay; 
moderate to strong 2 to 5 mm lemicular; coarse 
sand present. Field pH 6.0. Diffuse change to - 

B22: Frequently occurs; mottled or whole coloured; 
brown (7.5YR 4/3); medium clay; moderate to 
strong 2 to 5 mm lenticular; coarse sand present. 
Field pH 6.0. Diffuse change to - 

B/D, D:Dark to brown (7.SYR 3/2, 4/3. 10YR 3/4); 
sandy clay to fine loamy sand; massive. Field pH 
6.0. 

Sites: 377. 378. 380 
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Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Sobstralr material: 

soil landscape unit: 

Predominant vegetation: 

Surface c o n d i t i o n s :  

Miaorellef: 

0 

d i s  AI Ao 

o 3o 

3so  

\ \ \ \ x \  

132 \ Oeo 
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Midway 

Mottled. brown or yellow-brown, structured gradaPonal 
soil developed on the river alluvial plains 

Yellow podzolic soil 

Gn3.74, Gn3.q4. Gn3.91p, Gn3."L Dy3.1 lp 

Quaternary alluvium 

Terraces and channel benches of the rwer alluvial plains 

Open forest to woodland. Forest red gum. Moreton Bay 
ash and swamp mahogany 

Hardsetting 

Nil 

AI-Ap:Dark (5YR 3/1.7.5YR 2/L 3/1 .3 /2) ;  clay loam 
to silty clay loam; moderate to strong 5 to I0 ram 
polyhedral/subangular blocky. Field pH 5.5 to 5.8. 
Clear to diffuse change to - 

A2: Brown. grey-brown or grey (7.5YR 4/2. 4/3, 4/4. 
IOYR 4/2); clay loam to silty clay loam; moderate 
to strong 5 to 10 mm polyhedral/subangular blocky; 
< 1% manganiferous nodules; occasional 
sporadically bleached. Field pH 5.5 to 5.8. Clear 
to diffuse change to 

Bl: Brown or yellow-brown ( 7.5YR 4/3 .4 /4 .5 /4 ,  10YR 
4/3, 6/3); sil~ clay, light clay to light medium clay; 
m o d e r a t e  to s t rong  5 to l0  mm 
polyhedral/subangularblocky; <1% manganiferous 
nodules. Field pH 5.5 to 5.8. Gradual to diffuse 
change to - 

B2: Mottled; brown or yellow-brown (7.5YR 5/4, 5/6, 
10YR 5/3): light medium to medium heavy clay; 
m o d e r a t e  to s t rong  5 to I0 mm 
polyhedral/subangularbiocky; < l%manganiferous 
nodules. Field pH 5.5 to 5.8. 

Sites: 97. 98. 137, 352. 353, 393, 395, 396 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate material: 

Soft landscape unit: 

P r e d o m i n a n t  v e g e t a t i o n :  

Surface conditions: 

Miororciief: 

a 
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Lucy 

Brown or red-brown, massive, uniform to grada0onal soil 
with a sandy D horizon developed on the river alluvial 
plains 

Red earth, yellow earth 

Um5.52, Gn2.11, Um4.23, U m4.22, Gn2.14 

Quaternary alluvium 

Relict levees on prior and abandoned streams of the river 
alluvial plains 

Grassland or woodland. Swamp mahogany 

Hardsetting 

Nil 

AI: Dark (SYR 3 / l .  3/2, 7.5YR 3/2); loam fine sandy, 
sandy clay loam to clay loam fine sandy. 
occasionally loamy sand; weak to moderate 2 to 
10 mm casts. Field pH 5.5 to 6.0. Diffuse change 
to -  

A2: Occasionally occurs�9 Brown (5YR 4/3, 7.5YR 4/3); 
fine sandy loam, sandy clay loam to clay loam fine 
sandy; massive. Field pH 5.5 to 6.0, Diffuse change 
to-  

BI: Frequently occurs. Red-brown or brown (5YR 4/3. 
4/4. 7.5YR 4/4); fine sandy loam. sandy clay loam 
to clay loam fine sandy; massive. Field pH 5.5 to 
6.0. Diffuse change to - 

B2: Brown, red-brown or yellow-brown (SYR 4/4. 5/6, 
7.5YR 4/4, 4/6, 5/4, 5/6); sandy clay loam to clay 
loam fine sandy; massive to weak 5 to I0 mm 
polyhedral. Field pH 5.5 to 6.0, Diffuse change to 

D: Brown or yellow-brown (7.5YR 4/4. 4/6, 5/4, 5/6, 
f0YR 6/3, 6/4): sand to fine sandy loam; apedaL 
Field pH 5.5 to 6.0. 

Sites: 143, 151. 155, I64, 171. 174. 18I. 182, 191. 212. 
238, 309, 313. 319, 362 

Soil type: 

Concept: 

Great  soil group/s: 

Principle profile form: 

Subst~atc material: 

soil landscape unit: 

Prodommant Vegetation: 

Surface condition: 

Microrelieft 
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Palm 

Brown or red-brown, structured, duplex to gradational soil 
with a sandy D horizon developed on the river alluvial 
plains 

Non.calcic brown soil, red podzolic soil 

Dr2.11, Dy2.11, Gn3.1 I, Gn3.54, Gn3.51, Dr2.31, G rd.81 

Quaternary alluvium 

Prior and abandoned streams of the river alluvial plains 

Mostly cleared. Small areas of grassland or woodland to 
open forest Dominated ~ swamp mahogany 

Hardsetting 

Nil 

Al/Ap:Dark (5YR 3/l, 7.5YR 2/2, 3/2, 3/3); clay loam 
to clay loam sandy or occasionally clay toam fine 
sandy; weak 5 to 10 mm blocky or moderate 2 to 
10 mm casts; coarse sand present. Field pH 5.0 to 
6.0. Diffuse change to A2 or clear to diffuse change 
to B. 

A2.: Occasionally occurs, usually in association with 
mottled B horizon�9 Grey-brown or brown (SYR 4/2. 
7.5YR 4/2, 5/3): clay loam to clay loam sandy; 
massive to weak 5 to 10 mm blocky; coarse sand 
present. Field pH 5.0 6.0. Clear to diffuse change 
to -  

BI: Occasionally mottled; brown or red-brown (SYR 
4/3, 4/4, 7.5YR 4/4, 5/4): heavy, clay loam. light 
clay to light medium clay; weak to moderate 5 to 
10 mm polyhedral; coarse sand present. Field pH 
5.0 to 6.0. Diffuse change to - 

B2: Occasionally mottled; brown, red-brown or 
yellow-brown (5YR 4/4, 4/6. 5/6. 7.5YR 4/4. 5/6, 
10YR 4/4); light to medium heavy, clay: moderate 
to strong 5 to i0 mm polyhedral coarse sand present�9 
Field pH 5.0 1o 6,0. Gradual to diffuse change to 

Usually occurs, Brown, red-brown or yellow-brown 
(5YR 4/3, 4/4, 5/6, 7.5YR 4/6. 5/4. t0YR 5/3); 
sand, coarse sand, clayey sand. apedal. Field pH 5.5 
to 6.5. 

Soil type: 

Co.=pt: 

Great soil group/s: 

PlSnciple profile f o r m :  

sol~trate material: 

Soil landscape unit: 

Predominant vegetation: 

Surface condition: 

Micxorelief: 

o Io AI 

o 30 ~ o ~  

0ss \ \ ~  oss 

~ 

Trebonne 

Mottled, yellow-brown or brown, massive uniform to 
gradational soil developed on the river alluvial plains 

Grey earth, yellow earth 

Um4.25. Gn2.84, Gn2.94 

Quaternary alluvium 

Relict levees on prior and abandoned streams of the river 
alluvial plains 

Grassland or woodland. Swamp mahogany. 

Hardsetting 

Nil 

AI: Dark or grey-brown (7.SYR 3/2, 4/2, 10YR 2/2, 
3/2); loam fine sandy to clay loam fine sandy; weak 
to moderate 2 to I0 mm casts. Field pH 5.5 to 6.0. 
Diffuse change to - 

A2: Mottled; brown, grey-brown or grey (7.SYR 4/2, 
4/3, 5/3, 10YR 4/2, 5/2); loam fine sandy to clay 
loam fine sandy: massive; < 1 to 10% 
manganiferous nodules; occasionally conspicuously 
bleached�9 Field pH 5.5 to 6.0. Gradual to diffuse 
change to - 

BI: Frequently occurs. Mottled; brown and 
yellow-brown (10YR 4/3, 5/3, 5/4); clay loam fine 
sandy; massive; < 1 to 5% manganiferous nodules. 
Field pH 5.8 to 6.0. Diffuse change to - 

B2: Mottled; yellow-brown or brown (7.5YR 6/4, IOYR 
5/3, 5/4, 6/3, 6/4); fine sandy clay loam to fine 
sandy clay; massive to weak 5 to I0 mm blocky: 
1 to > 10% manganiferous nodules. Field pH 6.0 
to 6.5. Gradual to diffuse change to - 

D: Frequently occurs. Mottled; yellow-brown, brown 
or grey (7.5YR 5/4, 6/4, IOYR 6/2. 6/3, 6/4); 
coarse sand to sandy loam; apedal. Field pH 6.0. 

Textures may be coarser sandy clay toams on prior 
streams. 

Sites: 145, 147, 152. 168, 178. 211. 213, 310, 320. 346 

Manganiferous nodules occasionally occur in the B 
horizon in association with mottling. 

Sites: 72, 77, 120, 162, 183, 225, 227, 239, 252, 289, 342, 
347. 349 
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Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

S o b s ~  mated*l: 

Sod landscape unit: 

Prcdomm,~nt vegetation: 

Surface condition: 

MicroreEe~ 

0 

" \ ' X  

*z, ~2o 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substrate material: 

Soit taadu:ape unit: 

Predominant vegetation: 

Surface conditions: 

Mictorelief:. 

0 

01r AI 

\ o8o 
\ 
\ 

\ 
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\ 
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Abergowrie 

Red. red-brown or yellow-brown, gradational to uniform 
soil developed on the river alluvial plains. 

Red earth, red Podzolic soil 

Gn2,14. Gn2.11p. Dr2,51p. Gn3.14. Dr2,11p. Dr2.2L 
Dy2.11p. Urn4.21, Gn2.24, Um4.23, UmS.52p. Dy2,51. 
Um4,43 

Quaternary alluvium 

Prior streams of the river alluvial plains 

Woodland to open forest. Swamp mahogany, bloodwood 
usually with poplar gum conspicuous 

Hardsetting 

Nil 

AI: Dark (5YR. 7.5YR 2/2. 3/2); sandy clay loam to 
clay loam fine sandy; weak to moderate 2 to 10 mm 
casts. Field pH 5.5 to 6.0. Gradual to diffuse 
change to - 

A2: Brown. rod-brown or grey-brown (5YR 4/2, 4/3, 4/4, 
7.SYR 3/3.4/3 .  5/4); sandy clay loam to clay loam 
fine sandy; massive to weak 5 to 10 mm polyhedral; 
occasionally < 1 to 5% manganiferous nodules. 
Field pH 5.5 to 6.0. Gradual change to - 

BI: Red, red-brown, brown or yellow-brown (2.5YR 4/4, 
4/6, 5YR 4/3 .4 /4 ,  4/6, 7.5YR 4/4, 5/6); day loam 
fine sandy, clay loam to sandy clay and light clay; 
weak to moderate 5 to l0 mm polyhedral; 
occasionally < 1% manganiferous nodules. Field 
pH 5.5 to 6.0. Gradual to diffuse change to - 

B2: Red, red-brown or yellow-brown (2.5YR 4/6. 5YR 
4/6, 4/8. 5/6, 5/8, 7.5YR 5/6); clay loam to 
medium clay; weak to moderate 5 to l0 mm 
polyhedral; occasionally < l to 5% manganiferous 
nodules. Field pH 5.0 to 6.0. 

Variant: Earthy sand. Uc4.22; occasionally occurs as a 
minor soil along the centre of prior streams. 

Sites: 60, 100, 103, 106, 138, 139. 241,246, 354, 355,392. 
411 

Attributes outside modal range: PPF : Gn 3.54, Gn 3.17, 
Dr3.21p, Gn3.74, Gn 2.64 

Toobanna 

Acid to alkaline, bleached, motiled, yallow-brown or 
brown duplex soil with a sandy D horizon developed on 
the river alluvial plains 

Soloth. solodic soil, so[odized soionetz 

Dy3.41, Dy3.42, Dy3.43, Dy3.31. Dy3.33 

Quaternary alluvium 

Alluvial plains on the river alluvial plains 

Woodland to open forest or grasslands. Mainly narrow 
leaf tea-tree (M. dealbata) and occasionally swamp 
mahogany 

Hardsetting 

Type:Debil-deh;t 
Horizontal interval: I to 2m. 
Vertical interval: 0.1 to 0.2m. 

A1/Ap:Darl~ or grey-brown (5YR 3 / l ,  7.5YR 2/L 3/2, 
4/2 10YR 2/2, 3/2); loam fine sandy to clay loam 
fine sandy; massive to moderate 2 to tO mm casts. 
Field pH 5.0 to 6.0. Gradual to diffuse change to 

3,2.: Mottled; grey-brown, grey. yellow-brown or brown 
(7.SYR 5/1, 5/2, 5/3, 6 /2 ,10YR 4/2. 5/2 '  5/3, 6/2); 
fine sandy loam to clay loam fine sandy; massive; 
< 1 to > 10% manganiferous nodules; frequently 
conspicuously bleached. Field pH 5.0 to 6.0. Abrupt 
to gradual change to - 

182: Mottled; yellow-brown or brown (7.5YR 5/3,10YR 
5/3. 5/4, 6/4), which usually becomes paler at 
depth; medium to heavy clay, occasionally sandy, clay; 
moderate to strong. 10 to 50 mm blocky or prismatic 
or >50 mm columnar; < 1 to > 10% manganiferous 
nodu es, particularly concentrated in the upper B. 
Field pH 5.0 to 9.0. Gradual to diffuse change to 

D: Frequently occurs. Mottled; grey or yellow-brown 
(IOYR 5/3, 6/2, 6/3, 6/#,, 2.5YR 5/2. 5Y 7/ l ) ;  
coarse sand to sandy clay loam; apedal; 
manganiferous nodules usually occur. Field pH 5.0 
to 8.5. 

Variant: PPF Dy 5.41; occurs in swamps. AI: Dark 
(7.5YR 2/1) humie loam, strong 5 to 10 mm blocky. 
A2: conspicuously bleached, B2: Grey (10YR 6/2). 

Sites: 49, 65, 73, 74, 76,136, 146, 148, 173, 175, 202, 210, 
220, 253, 254, 267, 268, 343 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Substratr material: 

Soil landscape unit: 

Predominant vegctadon: 

Soffa, cr conditions: 

M/croreilef'. 
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Soil t,~pr 

Coacept: 

Great soil group/s: 

Principle profile form: 

Subslzate malcrial: 

Soil landscape . . i t :  

~edomi~nt  ~ e l a l i o ~  

coodiliam 

Micror~licf:. 
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lngham 

Acid to neutral, mottled, yellow-brown, duplex and 
gradalional soil with a sandy [3 horizon developed on the 
river alluvial plains 

No suitable group, affinities with soloth, solodic soil, 
(grey) podzoiic soil 

Dy3.31p, Dy3A lp, Ga3.01p, Gn3.91p, Dy3.32p 

Quaternary alluvium 

Alluvial plains of the river alluvial plains 

Cleared 

Cultivated 

Nil 

Ap: Dark or brown (7.5YR 3/2, 10YR 3/2, 3/3); clay 
loam fine sandy to silty clay loam; weak 5 to 10 mm 
granular or blocky; < 1% manganiferous nodules. 
Field pH 5.0 to 5.8. Clean to gradual change to - 

A2: Motded; grey-brown or grey (7.5YR 10YR 4/2); 
clay loam fine sandy to silty clay loam; weak 5 to 
10 mm blocky; <1% manganiferous nodules; 
frequently sporadically bleached. Field pH 5.5 to 
6.0. Clear to gradual change to - 

BI: Frequently occurs. Mottled; dark, brown or grey 
(7.5YR 4/2 10YR 3/2 4/2, 4/3); light clay to 
medium clay; moderate 5 to 20 mm blocky; < 1 to 
5% manganiferous nodules. Field pH 5.8 to 6.3. 
Gradual to diffuse change to - 

B2: Mottled; ye0ow-brown or grey (10YR 5/2, 5/3,5/4,  
6/4); light medium to medium heavy clay; 
moderate 10 to 20 mm blocky; < 1 to 5% 
manganiferous. Field pH 6.3 to 8.0. Gradual to 
diffuse change to - 

D: Frequently occurs. Mottled; yellow-brown or grey 
(10YR 5/3. 6/3, 2.5YR 5/2); sand to light sandy 
clay loam; apedal; 1 to 10% manganiferous 
nodules. Field pH 6.3 to 7.0. 

Sites: 285. 290, 291, 295, 301. 303, 305. 341, 412 

Orient 

Bleached, strong mottled, grey or ye0ow-brown duplex soil 
with a thin (< 0.25 m) A horizon and a sandy D horizon 
developed on the river alluvial plains 

Soloth 

Dy3.4 L Dy3.81 

Quaternary alluvium 

Alluvial plains of the river alluvial plains 

Woodland. Broad leaf tea-tree with forest red gum 
conspicuous 

Hardsetting 

Nil 

AI: Mottled; dark, grey-brown or grey (7.5YR, 10YR 
3/2, 4/2); fine sandy loam, loam fine sandy and 
loam; massive. Field pH 5.5 to 6.0. Clear change 
to -  

A2: Mottled; grey or yellow-brown (10YR 5/2, 6/2, 
6/3);  fine loamy sand to fine sandy loam: massive; 
conspicuously bleached. Field pH 5,5 to 6.0. Abrupt 
to clear change to - 

B21: Mottled; grey, yellow-brown, brown or occasionally 
dark (7.5YR 3/2, IOYR 4/2, 4/3, 5/2, 6/3); sandy 
clay to medium clay; strong >50 mm columnar or 
weak to moderate 20 to 50 mm blocky. Field pH 
4.5 to 5.5. Diffuse change to - 

B22: Mottled; grey (10YR. 2,5Y 5/2. 6/2);  sandy clay 
to medium clay; massive to weak 20 to 50 mm 
blocky; ferromanganiferous concretions frequently 
occur. Field pH 4.5 to 5.5. Clear to diffuse change 
to-  

D: Mottled; grey (2.5Y 5/2, 6/1, 6/2, 7/2); coarse 
sand to fine sandy clay loam; apedal. Field pH 4.5 
to 6.8. 

Sites:48, 255. 325. 326. 407 
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Soft type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Subswatu matedal: 

Soil landscape unit: 

Prodommam vegetation: 

Surface coadifioos: 

Microrelicf: 

0aS "" "" ". ~ss 
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Catherina 

Mottled. yellow-brown or grey. non-cracking clay with a 
light clay to silty clay A horizon developed on the river 
alluvial plains 

No suitable group, affinities with grey clay 

Uf6.41 

Quaternary. alluvium 

Alluvial plains of the river alluvial plains 

Cleared 

Cultivated 

Nil 

Ap: Dark (7.5YR 3/2, 10YR 2/2, 3/2), light clay to silty 
clay; weak to moderate 5 to 10 mm subangular 
blocky; < l to 5% manganiferous nodules. Field 
pH 5.3 to 6.0. Clear to gradual change to - 

BI: Mottled; dark. grey-brown, grey or brown (7.5YR 
4/1. 4/2. 10YR 3/2. 3 /3 .4 /2 ,  4/3): light clay to 
medium clay; moderate 5 to 20 mm blocky; < 1 to 
5% manganiferous nodules. Field pH 5.5 to 6.0. 
Gradual to diffuse change to - 

B2: Mo t ed yellow-brown, grey or brown (7.5YR 5/3. 
10YR 4/2, 4/3, 5/2. 5/3); reed urn to heavy clay; 
moderate to strong l0 to 20 mm blocky: < I to 5% 
manganiferous nodules. Field pH 5.5 to 7.8. Clean 
to diffuse change to 

D: Frequemlv occurs: mottled; yellow-brown or grey 
(10YR 5/3, 5/4. 6/2, 2.5YR 5/1): sand to loamy 
sand; apedal. Field pH 5.5 to 8.3. 

Sites: 83. 284. 288, 294. 298. 299. 302, 304 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Subsume material: 

Soil ~ unit: 

Predomm~t  vegetation: 

Sin-face renditions: 

Microrelief: 

D as 

o 45 

a21,sz2 

12o 

Hamleigh 

Bleached, mottled, grey or grey-brown, cracking clay with 
a massive to weakly structured surface developed oll the 
river alluvial plains 
(Breached) grey clay 

U~3.2, Ug5.24, Ug5.16. Uf6.4L UgS.5 

Quaternary alluvium 

Alluvial plains of the river alluvial plains 

Mainly grasslands with minor open woodlands to 
woodlands. Tea-tree (M. dealbata). 

Cracking, hardsetting 

Occasionally occurs: Type: Normal gilgai 
Horizontal interval: I to 10 m 
Verzical interval: 0.2 to 0.3 m 

Ai:  Frequently mottled; dark or grey-brown (5YR 3 / L  
7.5YR 2 / L  3 / L  3/2, 4/1, 4/2. 10YR 2/2, 3 /1 .3 /2) ;  
silty clay, light clay to medium clay; massive to weak 
20 to 50 mm blocky (Al l :  Moderate <10 mm 
subangular blocky); frequently < 1% manganiferous 
nodules. Field pH 5.0 to 6.0. Mainly gradual 
change to A2 or B1 - 

A2: Frequently occurs. As above; sporadic bleach. 
Field pH 5.0 to 6.0. Clear to gradual change to - 

BI: Mote ed; dark, grey-brown or grey (5YR 3/I ,  4/1, 
7.5YR 3/1, 3/2, 4 / l ,  4/2, IOYR 3/2, 4/2); light to 
medium clay; moderate to strong 5 to 20 mm blocky 
or sub-angular blocky; frequently < 1% 
manganiferous nodules. Field pH 5.0 to 6.0. Diffuse 
change to - 

B2LB22: Mottled; grey or grey-brown but becoming paler 
with depth, (7.5YR 4/1, 4/2, 5/2, 6/2, 10YR 4/2, 
5/1, 5/2, 6/2, 2.5Y 5/1, 5/2, 6/1); medium to heavy 
clay; strong 10 to 50 mm blocky or sub-angular 
blocky; < 1 to 5% manganiferous nodules. Field 
pH 5.0 to 9.0. 

Sites: 26, 30, 58, 63, 64, 78, 84, 110, I l l ,  144, 149, 172, 
185, 187, 190, 194, 209, 226, 240, 262, 321 

Soil type: 

Co.r 

Great soil group/s: 

Principle lm~ le  form: 

Sobswate material: 

Soft landscape tualt: 

Prodomiaaat vegetation: 

Surface conditions: 

Microreliee. 

olQ A~ 

o N  o2o 

~ oas 

a 4s 9al 

Molonga 

Bleached, mottled, yellow-brown or grey cracking clay with 
a strongly structured surface developed on the river 
alluvial plains 

grey clay 

Ug3.2, Ug5.24. Uf6.4L Ut3 

Quaternary alluvium 

Alluvial plains of the river alluvial plains 

Mainly grasslan,d.. Blady grass. Or open forest. Tea-tree 
(M. dealbatal, swamp mahogany dominant. 

Firm, cracking 

Frequently occurs. Type: Debil-debil 
Horizontal interval: lm 
Vertical interval: 0.1 to 0.3m 

AI: Frequently mottled; dark or grey-brown (5YR 3/1, 
7.5YR 3/2, 4/2, 10YR 2/1, 3/2): silty clay to light 
medium clay; moderate to strong 5 to 10 mm 
subangular blocky: < 1% maaganiferous nodules 
frequently occur, Field pH 5.5 to 6.0. Clear to 
gradual change to B1 or A2 

A2: Frequently occurs. As above but sporadically 
bleached. Field pH 5.5 to 6,0. Clear change to - 

BI: Mottled; grey-brown, grey or brown (7.5YR 4/2, 
4/3. IOYR 4/2. 4/3); light to reed urn'clay strong 
5 to 20 ram sub-angular and angular blocky; < 1 to 
10% manganiferous nodules. Field pH 5.5 to 7.0. 
Diffuse change to - 

B21: Mottled; vellow-brown or grey (10YR 5/2. 5/3, 
5/4): medium to heavy clay; strong 10 to 50 mm 
blocky; < 1 to 5% manganiferous nodules. Field 
pH 5.8 to 8.5. Diffuse change to - 

B22: As above but grey, yellow-grey or yellow-brown 
( 10YR 6/3, 2.5Y 5 / L  6/2. 6/3). Field pH 5.8 to 8.5. 

Sites: 108, 150. 180, 192, 200, 208, 228. 322, 345 

Soft type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Subsu'a~ ma~rix[: 

Soll landscape unit: 

predominant vegetation: 

Surface conditions: 

Micmreiief: 

A1 
01., 

on( al 

040 

0s 
\ B21 

\\ 
\ 
\ 
\ 

\ 
\ 

\ 
a22 ~ 

,2o 

Leach 

Strongly mottled, grey or grey-brown, non-cracking clay 
with a medium clay A horizon developed on the river 
alluvial plains 

No suitable group, affinities with grey clay 

U f6.41 

Quaternary alluvium 

Alluvial plains of the river alluvial plains 

Open forest to woodland. Tea-tree (M. veridiflora or M. 
quinquenervia ) 

Firm 

Type: Debil-debil 
Horizontal interval: lm 
Vertical interval: 0.2m 

AI: Mott[ed; dark or grey-brown (SYR 3/L 7.5YR 3/L 
3/2, 4/1 10YR 3/2); light medium to medium clay: 
strong 5 to 10 mm sub-angular blocky. Field pH 5.0 
to 5.8. Mainly gradual change to - 

BI: Mottled; grey-brown or grey (7,5YR 4/1, 4/2,10YR 
4/2); light medium to medium heavy clay; strong 
5 to 20 mm sub-angular and angular blocky; < 1 to 
5~7r manganiferous nodules frequently occur. Field 
pH 4.5 to 5.8. Diffuse change to - 

B21: Mottled; grey or grey-brown (7.5YR 5/2. 10YR 
5/2); medium to heavy clay; strong 10 to 50 mm 
blocky; < 1% manganiferous nodules frequently 
occur. Occasionally sporadically bleached. Field 
pH 4.0 to 5.8. Diffuse change to - 

B22: Mottled; grey (10YR 6 /1 .6 /2 ,  2.5Y 6/2): heavy 
clay; strong 10 to 50 mm blocky; < I to 10% 
manganiferous nodules frequently occur. Field pH 
4.0 to 5.8. 

Sites:236, 300, 315. 332, 333, 334, 337, 340 

Attributes outside modal range: B22 pH 7.5-8.5, Lime 
nodules may occur. 
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Soil type: 

Concept: 

Great soil group/s: 

Prioeiplr profile fonni 

Sul~wate material: 

Soil laodsca~ unit: 

pTl~Jominant Vegetatiott: 

Surface com:litiotts: 

M/~rorelief: 

0! 
010, As 

~ x  

03s . . . .  ~ t  x a s  

0 ro 

\ 
\ 

\ 
\ 

\ 
o \ \  

i ~ , 12o 

Mandam 

Strongly mottled, grey or yellow-brown, massive. 
gradaPonal to uniform sod developed on the river alluvial 
plains 

Low humic gley. humic gley 

Gn2.81, Um5.52 

Quaternary. alluvium 

Coastal swamps of the river alluvial plains 

Depends on position. Higher areas have woodland. 
Tea-tree (M. deolbata or M. venditlora), Moreton Bay ash. 
Low areas have open forest to woodland. Weeping 
tea-tree (M. leucadendron). 

Hardsetting or soft 

Nil 

AI: Mottled; dark (SYR 3/1, 7.5YR 3/2, IOYR 2/2. 
2/3, 3/2); sandy loam, fine sandy loam. loam fine 
sandy or loam; weak to moderate 2 to 10 mm casts. 
Field pH 3.8 to 6.0. Gradual to diffuse change to 

A.3/Bl:Mottled; brown, grey-brown or yellow-brown 
(5YR 4/2, IOYR 4/3. 4/4, 5/3, 5/4): loamy sand. 
loam fine sandy or sandy clay loam; massive. Field 
pH 3.8 to 6.0. Diffuse change to - 

B2: Mottled; grey or yellow-brown (10YR 6/2, 6/3, 6/4, 
7/1, 2.5Y 6/1); sandy clay loam to clay loam fine 
sandy; massive to weak 5 to 10 mm blocky; < 1 to 
> 10% ferromanganiferous nodules and concretions. 
Field pH 3.8 to 6.0. Clear to diffuse change to - 

D: Mottled; greyorgrey-brown(7.5YR5/L5/2,10YR 
5/2, 6/2, 2.5Y 6/1); sand. coarse sand and clayey 
sand; apodal. Field pH 3.8 to 5.5. 

Under very wet conditions 0 horizon exist. 

Sites: 75, 206, 311, 312, 324, 327 

Soil type: 

Concept: 

Great soil group/s: 

Principle profile form: 

Solmwate mamrial: 

Soil landscape ttmt: 

Predominant vegetation: 

Surface r 

Microrelief: 

c 

0 ic At 

120 

Brae 

Dark humic loam surface over a strongly mottled, grey 
clay subsoil developed on the river alluvial plains 

Humic gley 

Dy3.1l, DyS.ll, Dd4.11 

Ouaternary alluvium 

Swamps on the river alluvial plains 

Open forest to woodland. Mainly tea-tree (?,4. 
quinquenervia). Or grassland 

Soft or hardsetting 

Nil 

AI: Dark (SYR 3/1. 3/2. 7.5YR 2/1, 2/2 10YR 2/1, 
2/2); [dam, occasionally sdty loam; massive to 
strong 5 to 10 mm blocky. Field pH 4.5 to 6.0. 
Clear to abrupt change to - 

B21: Mottled; dark grey-brown or grey (5YR 3/1.7.5YR 
3 /1 .4 /1 ,  4 /2  10YR 4/2); light medium to heavy. 
clay, occasionally light clay; strong 10 to 20 mm 
blocky, Field pH 4.5 to 6.0. Diffuse change to - 

B22: Mottled; grey (7.SYR 5/2. 6/1 10YR 5/1.5/2,  6/1, 
6/2, 2.5Y 6/1), medium to heavy clay, occasionally 
light clay; strong 10 to 50 mm blocky. Field pH 4.5 
to 6.0. 

Sites: 66, 131, 199, 201,203, 204, 296, 316, 317, 344, 348 

Soil t3q~: 

Concep~ 

G r e a t  s o i l  group/s: 

Principle profile form: 

Subsu'ate maze~l:  

Soil landscape unit: 

P r o d d e r  vegetadom 

Surface conditions: 

Microrelicf: 

[ , ,  

0,o " - .  

\ \ \ \ \ \  

\82  \ 

\ \ \  \ \  ~ 

\ 

c,z~ \ \  

\ 

30 1300 

Cassidy 

Bleached sand with a yellow or yellow-brown B horizon 
developed on the beach ridges 

Podzol 

Uc2.21, Ue4.21 

Quaternary beach sand 

Beach ridges 

Open forest to woodland. Acacia spp.. Moreton Bay ash 
with pandanus and cocky ap.ple conspicuous 

Loose 

Nil 

A1: Dark (5YR 2/1, 3/1, 7.SYR 2/1, 10YR 2/1, 2/2); 
loamy sand to sandy loam: apedal. Field pH 5.8 
to 6.0. Diffuse change to - 

A2: Brown, yellow-brown, brown or grey (7.5YR 5/4. 
10YR 5/2, 5/4, 6/3, 6/4);  sand; apedal; frequently 
conspicuously bleached. Field pH 5,8 to 6.5. Diffuse 
change to - 

B2s: Yellow or yellow-brown or occasionally brown 
(7 5YR 4/6  5 /6  6/6, 10YR 5/6. 6/6); coarse sand 
to sand; apedak ferruginous nodules occas onally 
occur. Field pH 6.0 to 6.5. Diffuse change to - 

C/2A2.:Ye0ow-brown or grey (10YR 6/3, 7/2, 7/3); 
coarse sand to sand; apedal. Field pH 6.5. Diffuse 
change to - 

2B2s/2B2hs: Occasionally occurs, brown or yellow-brown 
(7.5YR 4/6, 5/6. 6/6);  coarse sand; apedal. 
Ortstein pan frequently occurs. 

Variant 1: ppF:Ucl.21; occurs on frontal ridges, no B2 
occurs 

Variant 2: PPF:no provision; occurs in swales where high 
watertables Occur for extended periods. AI: Dark 
(5YR 2/1, 3/1.7.SYR 2/2,10YR2/2):  humic sandy 
loam to loam. Clear to diffuse change to D: 
Grey-brown or grey (7.SYR 4/1, 5/1, 5/2. 10YR 
4/2); sand which becomes paler (10YR 6/2, 2.5Y 
6/1) at depth. 

Sites: 80, 207, 215. 223, 224, 280, 281,282, 283, 314, 318, 
323 



APPENDIX VI 

LAND SUITABILIW CLASS]FICATION SCHEHE 

CLIMATE (c) 

E f f e c t  

High humidi ty i s  associated w i th  disease incidence and high temperatures suppress growth. 

Assessment 

High humidi ty and temperatures e i t h e r  prectude or  d imin ish product ion, or  reduce the q u a t t t y  o f  c e r t a i n  crops in  par ts  o f  the wet t r o p i c a l  coast. C l imat ic  data has been used to 
d i s t i n g u i s h  a f fec ted  and non-a f fec ted areas. 

Diagnost ic  Land a t t r i b u t e s  

Annual r a i n f a l l  as an i n d i c a t o r  o f  high humidi ty f o r  extended per iods, and mean monthly maximum and minimum temperatures have been used to def ine f t v e  c l ima t i c  zones. 

Subclass determined 

Crop to le rance data and [ocat experience have been matched w i th  c l i m a t i c  data. 

C l ima t i c  zone 

C1 Hean annual r a i n f a l l  >2500 mm, mean monthly maximum temperature exceeds 25~ f o r  5 months or  more, and mean monthly minimum temperatures exceeds 14~ 
Tr ibuLat ion  and the coasta l  area between the Hurray River  and Fishery Fa l l s ,  exc luding East Patmerston). 

C2 2500 mm to 2000 mm mean annual r a i n f a l l ,  mean monthly maximum temperature exceeds 25~ f o r  5 months and mean monthly minimum temperature exceeds 14~ 
nor th o f  Fishery Fa l l s  and the nor thern po r t i on  o f  the Ju ta t ten  area, excluding the Cape Tr ibuLat ion  area) .  

C3 2500 mm to 2000 mm mean annual r a t n f a t t ,  mean monthly maximum temperature exceeds 25~ f o r  5 months and mean monthly minimum temperatures are tess than 14~ in the 
co ldes t  months. (The coastat  area south o f  the Hurray River to  the Herbert  R i ve r ) .  

C4 Hean annuaL r a i n f a l L  >2500 mm, mean monthLy maximum temperatures Less than 25~ f o r  the 5 ho t tes t  months. (The East Patmerston area) .  

C5 Less than 2000 mm mean annual r a i n f a L l ,  mean monthty maximum temperature exceeds 25~ f o r  5 months and mean monthly minimum temperatures are tess than 14~ in the 
co ldes t  months. (The coas ta l  area south o f  the Herbert  River and the southern po r t i on  o f  the Ju ta t ten  area) .  

(The Cape 

(The coasta l  area 

C~ 
4~ 

e 



Diagnostic Land 
attribute level S u i t a b i l i t y  subcLass f o r  v a r i o u s  c rops 

Sugar -cane,  Papaw, Veges , 
C u c u r b l t s *  ,Sweet p o t a t o * ,  
R ice ,  P inus  

Banana Tea C i t r u s  Mango Avocado Lychee Rambutan Soybean 
Haize** 

Sorghum 
Ma ize* ,  Sweet 
co rn ,  Peanut~ 

C] 1 1 1 2 4 4 4 

C2 L 1 2 1 2 4 2 

C3 1 1 2 1 2 4 2 

C4 1 2 1 1 4 2 4 

C5 1 t 4 1 2 4 3 
0 L~  

* d r y  season c r o p p i n g  (used t h r o u g h o u t  append ix )  

* *  wet  season c r o p p i n g  (used t h r o u g h o u t  append ix )  



WATER AVAILABILITY (m) ( I nghamon ty )  

E f f e c t  

Ptant  y t e t d  w i l l  be decreased by per iods o f  water s t ress  p a r t i c u l a r l y  du r ing  c r i t i c a l  crop growth per iods.  

Assessment 

5 o i l  morphologica l  p rope r t i es  associated w i th  g rav ime t r i c  water con ten t  I have been used to est imate p l an t  water supply .  

D i a g n o s t i c  Land a t t r i b u t e s  

Soi l  t e x t u r e  and p e d a t i t y  2 to  e f f e c t i v e  roo t ing  depth 3, Grav imet r i c  water  content  between -33 and -1500kPa pressure.  

Subclass de te rm ina t i on  

The subclass d i f f e r e n c e  between 3 and 4 was determined us in9 :  

5impte month ly  water balance based on dec i l e  5 r a i n f a l l .  

P r o d u c t i v i t y  da ta .  

Local c o n s u l t a t i o n .  

O 

Grav imet r i c  water  con ten t  o f  d is tu rbed  ground samples between -33 and -1500 kPa has been used to  est imate s o i l  a v a i l a b l e  water capac i ty  (AWC). 

Textures and equ i va len t  g rav ime t r i c  water % 
Sands (sand to  Loamy sand) <5% 
L igh t  t e x t u r e s  (sandy loam to  L igh t  sandy c lay  Loam) 5 to  8% 
Apedat medium t e x t u r e s  (Loam to  c lay  loam) 9 to  12% 
Pedal medium and heavy t ex tu res  (c lay  Loam to  heavy c lay )  >12% 

E f f e c t i v e  r o o t i n g  depth is  taken to  be the depth o f  opt imal  water  e x t r a c t i o n ,  f o r  example, sugar-cane 0.9  m, or  reduced i f  in te rcepted  by impermeable Layers, such as ESP> 
15%, compaction layers ,  rock. 
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Diagnostic Land 
attribute Level Suitability subclass f o r  var ious crops 

Sugar-cane, Banana, Avocado, 
C i t r u s ,  maize * * ,  Ptnus, 
Pineapple,  Tea, Rice, Soybean 

Hengo, Lychee, 
Papaw, Rambutan 

Sorghum, Sweet corn,  
Maize= 

Peanut, Veges, Cucurbt ts ,  
Sweet potato 

Pedal, uniform and gradationat, 
medium to heavy textured soits. 
Code: I 

Duplex so i ls  with apedal medium 
textured A horizons ) 0.40m and 
heavy textured B horizons 
s t r o n g l y  sod ic  a t  > 0.90m. 
Code: 2 

Apedat un i fo rm and gradat ionaL 
medium textured s o t t s  o r ,  duplex 
s o i l s  w i t h  medium tex tu red  A 
hor izons <0.40 m and heavy 
tex tu red  B hor tzons  s t r ong l y  sodtc 
at <0.90 m. 
Codes: 3 and 4 

Apedat un i fo rm and gradattonaL 
L igh t  t e x t u r e d  s o i l s  o r ,  duplex 
s o i l s  with L igh t  t ex tu red  A 
hor izons and heavy tex tu red  B 
hor izons.  
Codes: 5 and 6 

Apedat sands 
Code; 7 

O 
-.J 



SOIL NUTRIENT SUPPLY (n) 

E f f ec t s  

Reduced p lant  growth associated w i th  the shortage or oversupply o f  mineral  n u t r i e n t s .  

Assessment 

Assessment is  based on the need f o r  f e r t i L i s e r  t reatment addi t ionaL to  standard a p p l i c a t i o n  rates and p rac t i ces .  High pH s o i l s  have been downgraded according to the e f f e c t  on 
tea growth as no e f f e c t i v e  economic t reatment i s  avaiLabLe. 

Spec i f i c  problems assessed are:  

1. Sorpt ion o f  P in r e l a t i o n  to humic or  organic s o i l s .  
2. Low nu t r i en t  re ten t i on  capac i ty  w i th  high teaching ra tes .  
3. High pH in r e t a t i o n  t o  t e a .  

Diagnost ic  rand a t t r i b u t e s  

Organic mat ter ,  pH, ECEC, t ex tu re .  

Subclass d e t e r m i n a t i o n  

1. Nu t r i en t  so rp t ion :  Appt ica t ions  o f  from 50 to 100% in excess o f  standard P a p p l i c a t i o n  rates.  
2. Low n u t r i e n t  re ten t i on :  S p l i t  dress ing and/or very high a p p l i c a t i o n  ra tes .  
3. pH: Documented data r e l a t i n g  high pH to growth suppression. 

0 
O0 



Ota9nost ic Land 
attribute LeveL S u i t a b i l i t y  subclass f o r  var ious crops 

Tea Sugar-cane, Banana, Avocado, C i t r us ,  Papaw, Mango, Lychee, Rambutan, 
Pinus, Maize, Sorghum, Soybean, Peanut, Sweet corn, Sweet potato,  
Rice, Veges, Cucurbi ts ,  Pineappte 

Standard f e r t i l i s e r  rates 
and p rac t i ces  
Code: 0 

>Xr OH and/or humtc/organic 
s o i l s  
Code: I 

Deep sands w i th  water  tab le  
f l u c t u a t i o n s  deeper than 4 m 
Code: 2 

pH to l m  
(5.5 Code: 3 
5.5 to 6.0 Code: 4 
6.0 to  6.5 Code: 5 
6.5 to 700 Code: 6 

) 7 , 0  Code: 7 



! 
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SALINITY (s)  

E f f e c t  

Htgh s a l t  concen t ra t ion  associated w i th  Increased osmottc p o t e n t i a l  causes yteLd depression by I n h i b i t i n g  water uptake. 

A s s e s i n t  

YieLd decreases are associated w i t h  inc reas ing  concen t ra t i ons  o f  s a l t  in  the p r o f i l e .  

D iagnos t i c  rand a t t r i b u t e s  

E tec t r | caL  c o n d u c t | v t t y  (sa tu ra ted  e x t r a c t )  us ing approach o f  Shaw et  a t .  (1986).  

SubcLass de te rm ina t i on  

0 to  10~ y i e l d  reduc t ion  
10 to  20% y i e l d  reduct ion  
20 to  35~ y i e l d  reduc t ion  
35 to  50X y i e l d  reduc t ion  

>50~ y i e l d  reduc t ion  

Note: PineappLes, Papaw, Bananas, Hango, Lychee and Tea are ex t rapo la ted  from Hacket t  and CaroLane ( t982 ) .  

There are a lso s p e c i f i c  t o x i c i t y  e f f e c t s  on p lan ts .  

O 



Diagnostic Land 
attribute Level Suitability subc lass  f o r  v a r i o u s  crops 

Sugar-cane Banana, Avocado 
Papaw, Lychee 
Rambutan 

Citrus Mango Pinus Maize Sorghum Sweet corn  Tea 

EC dSm- 1 
se Wpm § 

0 to  0 .9  m 

<1 
1 t o 2  
2 t o 3  
3 t o 4  
4 t o 5  
5 t o 6  
6 t o  7 
7 t o 8  
B t o 9  

>9 

Codes: SaO t o  Sa9 

ECse dl~l; 1 

0 t o  0 .40  m 
(1 

1 to  2 
2 t o 3  
3 t o 4  
4 t o  5 
5 t o 6  
6 t o 7  
7 t o 8  
8 t o g  

>9 

Codes: SbO t o  Sb9 

Soybean Peanut 

1 1 1 1 1 1 
1 1 2 ! 1 1 
2 1 3 2 1 2 
3 2 4 3 1 3 
4 2 4 3 1 3 
5 3 5 4 l 4 

4 5 1 5 
5 2 
5 3 
5 5 

Sweet potato Rice Veges 

1 1 1 1 
1 1 1 1 
2 1 2 1 
3 2 3 2 
3 3 4 2 
4 3 5 3 
5 4 4 

5 4 
5 

Cucurbits Pineapp le  

+ 
Wpm weigh ted  p r o f i L e  mean. 



WETNESS (w) 

E f f e c t  

WaterLogged s o i l s  reduce p l a n t  growth and delay e f f e c t i v e  machinery ope ra t i on .  

Assessment 

In ternaL and e x t e r n a l  dra inage are assessed. I n d i c a t o r  a t t r i b u t e s  o f  i n t e r n a l  drainage inc lude t e x t u r e ,  pedaL l ty  and grade o f  s t r uc tu re ,  co tour ,  mot t le  1, segregat ions and 
impermeable Layers. SLope and topograph ic  p o s i t i o n  assess ex te rna l  dra inage c a p a b i l i t y .  

D iagnost ic  Land a t t r i b u t e  

Drainage c lass  2 and soiL p e r m e a b i l i t y  2 (McDonaLd e t  a t .  1984) modi f ied  by p l a n t  r oo t i ng  depth requirement .  

SubcLass de te rm ina t i on  

ConsuLtat ion and crop to le rance  in fo rmat ion  re la ted  growth suppression to  economic y i e l d .  Seve r i t y  o f  e f f e c t  concerning delays in machinery opera t ion .  

t ~  

In  the lngham area r e l a t i o n s h i p s  have been es tab l i shed  between the degree o f  mo t t l i ng  and dra inage c lass  in  r e l a t i o n  to sugar-cane p r o d u c t i v i t y .  

Drainage c lass :  This accounts f o r  aLL aspects o f  in te rnaL and ex te rna l  dra inage in the e x i s t i n g  s t a te .  Both are reassessed from the po in t  o f  v iew o f  the ease o f  dra inage 
to  make the f i n a l  subcLass dec is ion .  The reassessment cons iders  dra inage spacing (permeabiL i ty )  and ease of  d isposa l  (ex te rna l  d ra inage) .  

Drainaqe c lass  PermeabiL i ty  
t .  Very poo r l y  dra ined H HighLy permeabte 
2. PoorLy dra ined M ModerateLy permeable 
3. Imper fec tLy  dra ined S SLowLy permeable 
4. ModerateLy weLL dra ined 
5. WeLL dra ined 
6. RapidLy dra ined 



D i a g n o s t i c  Land 
a t t r i b u t e  Level  S u i t a b i l i t y  subc lass  f o r  v a r i o u s  crops 

Sugar-cane Banana, Mango Lychee Pinus Maize=, Peanut ,  Veges, P ineapple  Rice C i t r u s ,  Maize== Soybean 
Rambutan Sorghum, Sweet C u c u r b t t s  Papaw, Soybean <2500mm 

Sweet p o t a t o  Avocado >2500mm 

corn 

6H 1 1 1 1 1 1 1 1 1 1 1 1 1 
6H 1 1 1 1 1 1 1 1 1 1 1 1 1 

5H 1 1 ! 1 1 1 1 1 1 1 1 1 1 
5H 1 1 1 1 1 1 1 1 1 1 2 1 1 

41t 1 1 1 1 1 1 1 1 �9 1 1 2 2 1 
4H 1 2 2 1 ll 1 2 1 2 1 3 2 2 
4S 2 3 3 2 2 1 3 1 3 2 4 3 3 

3H 2 2 2 2 2 1 2 ! 2 2 3 3 2 
3M 2 3 3 2 2 1 3 2 3 2 4 3 3 
3Sa + 3 4 4 3 3 2 5 2 4 3 4 4 4 

3Sb + 3 5 5 4 4 2 5 3 5 3 5 4 4 

2H 3 3 3 3 3 2 3 2 3 3 4 4 3 
2H 3 4 4 3 3 3 4 3 5 4 5 4 4 
2S 4 5 5 4 5 3 5 4 5 4 5 5 5 

1H 4 5 5 4 5 4 5 4 5 4 5 5 5 
1H 4 5 5 4 5 4 5 4 5 4 5 5 5 
1S 5 5 5 5 5 5 5 5 5 5 5 5 5 

L~ 

+ 35 Limitation is subdivided into categories (a) and (b) to cater for deep and shallow rooted plants and the ab i l i t y  to carry out mounding operations. Category (a) has an 
A horizon deeper than 0.4 m and although the p ro f i l e  is slowly permeable and drainage is imperfect, these soi ls  w i l l  have a greater depth for mounding operations. Category (b) has 

an A horizon shallower than 0.4 m and mounding operations w i l t  expose the B horizon. 



FLOODING ( f )  

E f f ~ : t  

YieLd reduct ion or  p lan t  death caused by anaerobic cond i t ions  and/or high water temperature and/or s i l t  depos i t ion during inundat ion,  as weLL as phystcat removaL or  damage by 
flowing water. 

Assessment 

The e f f e c t s  o f  f l ood ing  on an i n d i v i d u a l  UHA are d i f f i c u l t  to  p red ic t .  FLooding frequency has been used to d i s t i ngu i sh  between su i tab le  and unsui tab le Land only  in  extreme 
frequency s i t u a t i o n s  or  f o r  i n t o l e r a n t  crops. Where f l ood  frequency is  s i g n i f i c a n t  but not extreme, the ' f '  symbol has been used to ind ica te  the occurrence o f  f l ood ing ,  but due 
to  i n s u f f i c i e n t  knowledge 1, i t  i s  not used to downgrade the s u i t a b i l i t y  c lass .  

D iagnost ic  Land a t t r i b u t e  

F L Y i n g  frequency 
Topographic pos i t i on  

SubcLass d e t e m i n a t i o n  

ConsuLtat ion 

Sugar-cane and bananas are commonly grown on these Lands desp i te  regu la r  f l ood ing .  
Land in farmers '  percept ions.  

Whatever the real  e f f e c t s  o f  fLooding they do not de t rac t  from the vaLue o f  the 

r ~8 < 8 



Diagnostic Land 
attribute Level SuitabiLity subclass f o r  var ious  crops 

Sugar-cane, 
Rlce,,~oybean, 
Maize 

Avocado, C i t r u s ,  Papaw, 
PineappLe, Tea, Mango, 
Lychee, Rambutan 

Pinus, Banana Maize =, Sorghum, Peanutj 
Veges, Cucurbt ts ,  Sweet 
po ta to ,  Sweet corn 

No f l o o d i n g  o r  f l o o d i n g  
exceeds 1 in  10 years .  
Code: 0 

FLooding f requency of  
approx imate ly  I in  2 to  1 
in 10 years.  Levees 
and backswamps and 
h igher  channel benches. 
Code: I 

Flooding f requency 
approaches annuaL 
occurrence.  Lower 
channel benches. 
Code: 2 



LANDSCAPE CONPLEX]TY ( x )  

E f f e c t  

An area o f  s u i t a b l e  Land may be t oo  sma l l  t o  J u s t i f y  i t s  use as an i s o l a t e d  p r o d u c t i o n  area f o r  a p a r t i c u t a r  land use.  Th is  occurs  where t h e r e  i s  c o n s i d e r a b l e  s o i l  c o m p l e x i t y  o r  
t o p o g r a p h i c  d i s s e c t i o n .  

Assessment 

Once subc lasses  f o r  a l l  o t h e r  l i m i t a t i o n s  f o r  each UHA are  d e t e r m i n e d ,  UMAs w i t h  one o r  more o f  t he  f o l l o w i n g  a re  assessed: 

1 
Area o f  s u i t a b l e  c o n t i g u o u s  s u i t a b l e  s o i l  less  than  minimum p r o d u c t i o n  area . 

D i ssec ted  topog raphy .  

When the area of contiguous suitable soil in a UMA Is less than a minimum production area, the area of any contiguous suitable soil in adjacent UMAs is also inctuded in the 

assessment o f  t he  minimum p r o d u c t i o n  a rea .  

D i a g n o s t i c  l and  a t t r i b u t e  

S u i t a b i l i t y  c l a s s .  

P r o d u c t i o n  a rea  s i z e .  

Degree o f  c o m p l e x i t y .  

Subc lass  d e t e r m i n a t i o n  

The minimum p r o d u c t i o n  areas f o r  each Land use a re  de te rm ined  by c o n s u l t a t i o n .  

Minimum production size. The minimum area of land which is practicable to utllise for a particular Land use. It may be based on implicit economic criteria, but is not retated 

t o  an 'economic  p r o d u c t i o n  u n i t  ~ o r  so c a l l e d  ' L i v i n g  a r e a ' .  



Diagnost ic  Land 
attribute Level S u i t a b i t i t y  subclass f o r  va r ious  crops 

Production area 
(ha) 

Veges 
Sweet potato 

Hango, Avocado, C i t r us ,  
Lychee, Papaw, Pineapple,  
Rambutan 

Tea, Banana, 
Pinus 

Sorghum, Maize, Sweet corn, 
Peanut, Rice, Soybean 

Sugar-cane, 
Cucurb i ts  

>10 

5 r 10 

2.5 to 5 

1.5 to  2.5 

<1.5  

Code : 0 

Code: 1 

Code : 2 

Code : 3 

Code : 4 

] 

1 

2 

2 t o 3  

4 

~J 



SOIL PHYSICAL CONDITION (p) 

E f f e c t  

1. Germination and seedl ing development problems associated w i th  adverse cond i t ions  o f  the surface s o i l  such as hardset t tng ,  coarse aggregates and clays wi th  strong 
consistence (ps) .  

2. Di f f i cu l t i es  i n  achiev ing favourabLe t i l t h  with machinery in s o i l s  with a narrow moisture range f o r  working (pm). 

3. Harvest ing d i f f i c u l t y  and q u a l i t y  o f  subsurface harvest mater ia l  a f f ec ted  by s o i l  adhesiveness (pm). 

Assessment 

t .  So i l s  w i th  i n d i c a t i v e  morphological  p roper t ies  are evaluated in  the contex t  o f  Local experience or  knowledge o f  p lan t  c h a r a c t e r i s t i c s ,  f o r  example, seed s ize,  tuberous 
roots .  

2. Local experience ind ica tes  problems associated w i th  ce r t a i n  s o i l s ,  f o r  example narrow moisture range f o r  working. 

Diagnost ic  Land a t t r i b u t e s  

Texture, structure, consistence, soi ls  with a narrow moisture range. 

SubcLass determinat ion 

I. PLant toLerance Limits and requirements in relat ion to germination and harvesting are matched with soiL properties and supported by Local experience. 

2. Local opinion of the severi ty of the problem of narrow moisture range. 

O~ 



Diagnostic Land 
attribute level S u i t a b i l i t y  subctass f o r  var ious crops 

Peanut, Sweet 
potato 

Veges, Rice, Haize, Sorghum, 
Cucurbi ts  Sweet corn, Soybean, 

Pineapple 

Sugar-cane, 
Banana 

Tea, Avocado, C i t rus ,  
Papaw, Mango, Lychee, 
Rambutan, Pinus 

No r e s t r i c t i o n s .  Code: 0 

SLight ly  adhesive s o i l s .  
Code: 1 

Hardset t ing massive s o i l s  with 
sandy Loam to c lay  Loam sur face 
tex tures  w i th  dry moderately 
f i rm  consistence. Code: 2 

HoderateLy adhesive s o i l s .  Code: 3 

Hardset t ing massive s o i l s  w i th  
Loam f i n e  sandy to  c lay  Loam 
surface tex tu res  w i th  dry 
very f i rm  consistence.  Code: 4 

Hoderate moisture range. Code: 5 

Strongly adhesive s o i l s .  Code: 6 

So i ls  l i g h t  c lay  to  heavy c lay  
tex tures  w i th  dry very f i r m  or  
greater  consistence.  Code: 7 

Narrow moisture range. Code: S 

Large aggregat ion s ize >20 mm. 
Code: 9 

1 1 1 1 1 

2 1 1 1 1 

2 2 1 1 ! 

3 1 1 1 1 

3 3 2 1 1 

2 2 2 2 1 

4 1 1 1 1 

4 3 2 1 1 

3 3 3 3 1 

4 4 3 1 1 



TOPOGRAPHY ( t )  

E f f ec t  

The sa fe t y  and/or e f f i c i e n c y  o f  farm veh ic le  opera t ion  is  a f f ec ted  by: 

Land slopes in  r e l a t i o n  to roLL s t a b i l i t y  and s ide s l i p .  

Erosion con t ro l  Layouts w i th  shor t  rows and sharp curves in row crops on Land w i th  v a r i a b i L i t y  in  degree and d i r e c t i o n  o f  slope (compLex s lopes) .  

Assessment 

1. Steepness at  slope in  r e l a t i o n  to sa fe t y  and e f f i c i e n c y .  

2. V a r i a t i o n  in  slope �9 causing shor t  rows in  eros ion con t ro l  tayouts.  

3. V a r i a t i o n  in  slope d i r e c t i o n  causing excessive row curvature  in  eros ion con t ro l  Layouts. 

Diagnostic Land attributes 

I. SLope 

2. SLope X variation 

3. Frequency and degree o f  change in slope. 

SubcLass de termina t ion  

1. Local experience and consu l ta t i on  regarding the upper machinery slope L imi t  f o r  arab le ,  hor t icuLturaL t ree  crop and pasture Land. 

2. Farmer to le rance o f  shor t  rows. 

3. I n a b i L i t y  o f  t r a i l i n g  implements to e f f e c t i v e l y  negot ia te  curves greater  than 30 m radius.  

~J 

0 L Q 



Diagnost ic  Land 
a t t r i b u t e  LeveL S u i t a b i L i t y  subclass f o r  var ious crops 

(SLope ~) Avocado, C i t r us ,  Papaw~ 
Hango, Lychee, Pinus 

Sugar-cane, Banana, Hatze, Veges, Sorghum, Soybean, 
Peanut, Cucurbtts,  Sweet corn, Sweet potato,  Rice, 
PineappLe, Tea 

Improved pastures 

0 to 15X Code: I 1 1 1 

15 to 20Z Code: 2 2 4 1 

20 to 30X Code: 3 4 5 2 

30 to 35~ Code: 4 5 5 4 

) 35Z Code: 5 5 5 5 

CompLex sLopes code: c 1 C + l 
rO 

+ CompLex sLopes are not downgraded. The C symboL is  used to fLag the f a c t  tha t  minimum tiLLage and modi f ied erosion controL s t ruc tu res  have to be appLied in Lieu o f  conventionat 

eros ion con t ro l  s t ruc tu res .  



ROCK]NESS ( r )  

E f f e c t  

Coarse ( rock)  fragments I and rock in  the plough zone i n t e r f e r e  w i th  the e f f i c i e n t  use o f ,  and can damage agricuLturaL machinery. Surface rock in p a r t i c u l a r  i n t e r f e r e s  w i th  the 
harvest ing machinery o f  sugar-cane, soybean, root  crops and some vegetables. 

Assessment 

Based on the size, abundance and distribution of coarse fragments in the plough tayer, together with machinery and farmer toterance of increasing size and content of coarse fragments. 

Diagnostic tand attributes 

Size and amount of coarse (rock) fragments (McDonaLd et at. 1984) in the plough Layer. 

Subctass determination 

ConsuLtation, particutarty reLated to farmer tolerances which are impticity retated to profitability and technotoglcat capability. 

F~ 
t ~  

By d e f i n i t i o n  coarse fragments are p a r t i c l e s  g rea ter  than 2 rnm and not continuous w i t h  under ly ing bedrock. Rock is  def ined as being continuous w i th  bedrock. 



D i a g n o s t i c  land 
a t t r i b u t e  l e v e l  

S i ze  Amount (%) 

Suitability subclass f o r  v a r i o u s  c rops  

Avocado, C i t r u s ,  Papaw, Mango, Banana, Ptnus 
Lychee, Rambutan, Pas tu res  P i n e a p p l e ,  

Sugar-cane,  Maize,  R ice ,  
Sorghum, Tea, Sweet corn 

Soybean, Veges 
C u c u r b i t s  

Peanut 

9~eet potato 

20 t o  60 mm <2 
( G r a v e l )  2 t o  10 
Codes: 10 t o  20 
GI to  5 20 t o  50 

">50 

60 t o  200 mm <2 
(Cobb le)  2 t o  10 
Codes: 10 t o  20 
C1 to 5 20 to 50 

>50 

200 to 600 mm <2 
(S tone)  2 t o  10 
Codes: 10 t o  20 
S1 t o  5 20 t o  50 

>5O 

No coarse  1 
f ragmen ts  
Code: 0 

1 1 1 2 3 
1 1 2 3 4 
l 2 3 4 5 
2 3 4 5 5 
3 4 5 5 5 

I 1 2 3 4 
1 2 3 4 5 
2 3 4 5 5 
3 4 5 5 5 
4 5 5 5 5 

1 2 3 4 5 
2 3 4 5 5 
3 4 5 5 5 
4 5 5 5 5 
5 5 5 5 5 

1 1 1 1 l 

FJ 



WATER EROSION (e) (Ingham area only} 

E f f e c t  

Land degradat ion and Long term p r o d u c t i v i t y  dec l ine  wiLL occur on unprotected arab le  Land over 2 to 3% slope because o f  excessive s o i l  erosion. 

Assessment 

So i l  toss w i l l  depend on s o i l  e r o d t b t t t t y  and Land slope f o r  a p a r t i c u l a r  crop and sur face management system. For each s o i l  type there is  a maximum slope above which s o i l  toss cannot 
be reduced to acceptable Levels by eros ion con t ro l  measures. This slope i s  determined in  consu l ta t i on  w i th  s o i l  conservat ion extension and research personnel, and extension and 

research agronomists. 

D iagnost ic  Land a t t r i b u t e s  

So i l  type 
SLope 

Subclass determinat ion 

The d i f f e r e n c e  between subclass 3 and 4 is  based on the use o f  s o i l  Loss to le rance  o f  approximately 20 tonnes/ha/year to judge the e f fec t i veness  o f  s o i l  eros ion con t ro l  measures in 
Local research t r i a l s ,  and where eros ion con t ro l  measures have been implemented on farms. 

The i m p l i c a t i o n  o f  the subclass f o r  simple slopes t are: 

e l  surveyed row d i r e c t i o n  on ly  requi red 

e2 convent ional  p a r a l l e l  s t ruc tu res  requi red 

2 
e3 e2 measures and some surface management p rac t i ces  

e4 and e5 non-arable Land 

rO 
4~ 

Simple slopes. Slopes w i th  a constant slope angle and d i r e c t i o n  (complex slopes are not s u i t a b l e  f o r  convent ional  erosion cont ro l  s t r u c t u r e s ) .  A topographic ( t )  

l i m i t a t i o n  has been appl ied to  Land w i th  complex slopes. 

Surface management p rac t i ces .  A range o f  opt ions aimed at  minimum s o i l  d isturbance in p lant  and ratoon crops, combined wi th  the re ten t ion  o f  harvest  res idue mater ia l  

as a sur face cover.  



Diagnost ic tend 
a t t r i b u t e  level Suitability subclass f o r  var ious crops 

Slope Sugar-cane, Maize*, sorghum, Tea, Peanut, 
Sweet potato ,  Sweet corn, Veges, Cucurbi ts  
Banana, Pineapple 

Avocado, C i t rus ,  Papaw, Hango, Lychee, 
Pinus, Rambutan 

Rice, Haize**  
Soybean 

Basa l t i c  s o i l s  
<3~ 
3 t o  8% 
B t o  15g 
>15~ 
Codes: BI t o  4 

Gran i t i c  s o i l s ,  except 
tex tu re  con t ras t  s o i l s  
<2~ 
2 to 5~ 
5 to 8~ 
8 to 10% 
10 to 14~ 

>14% 
Codes: GI to  6 

Other s o i l s  
<2% 
2 to 4g 
4 to 6~ 
6 to B% 

Codes: Ol to  5 

FO 
L~ 
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APPENDIX VII 

LAND SUITABIIJTY CLASSES 

Class definitions 

Five land suitability classes have been defined for use in Queensland, with land 
suitability decreasing progressively from Class 1 to Class 5. Land is classified on the 
basis of a specified land use which allows optimum production with minimal degradation 
to the land resource in the long term. 

Class 1 Suitable land with negligible limitations. This is highly productive land 
requiring only simple management practices to maintain economic 
production. 

Class 2 Suitable land with minor limitations which either reduce production or 
require more than the simple management practices* of class 1 land to 
maintain economic production. 

Class 3 Suitable land with moderate limitations which either further lower 
production or require more than those management practices of class 2 
land to maintain economic production. 

Class 4 Marginal land which is presently considered unsuitable due to severe 
limitations. The precise effects of these limitations on the proposed land 
use are unknown. The use of this land is dependent upon either 
undertaking additional studies to determine its suitability for sustained 
production or reducing the effects of the limitations(s) to achieve 
production. 

Class 5 Unsuitable land with extreme limitations that preclude its use. 

Land is considered less suitable as the severity of limitations for a land use 
increase, reflecting either (a) reduced potential for production, and/or (b) increased 
inputs to achieve an acceptable level of production and/or (c) increased inputs required 
to prevent land degradation. The first three classes are considered suitable for the 
specified land use as the benefits from using the land for that land use in the long term 
should outweigh the inputs required to initiate and maintain production. Decreasing 
land suitability within a region often reflects the need for increased inputs rather than 
decreased potential production. Class 4 is considered presently unsuitable and is used 
for marginal land where it is doubtful that the inputs required to achieve and maintain 
production outweigh the benefits in the long term. It is also used for land where 
reducing the effect of a limitation may allow it to be upgraded to a higher suitability 
class, but additional studies are needed to determine the feasibility of this. 

Where more than simple management practices are required, this may involve 
changes in land preparation, irrigation management, the addition of soil 
ameliorants and the use of additional measures to prevent land degradation. 
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Class 5 is considered unsuitable, having limitations that in aggregate are so severe 
that the benefits would not justify the inputs required to initiate and maintain production 
in the long term. It would require a major change in economics, technology or 
management expertise before the land could be considered suitable for that land use. 
Some class 5 lands however, such as escarpments, will always remain unsuitable for 
agriculture. 
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APPENDIX X 

LAND USE SPECIFICATIONS OF AGRICULTURAL CROPS 

Avocado 

The avocado industry is irrigated and mechanised in combination with manual 
harvesting. Farms individually owned. 

Climatic adaptation: Generally not suited to study area. Requires mean maximum 
summer temperatures < 25~ severe disease problems associated 
with extended periods of rain and high humidity, requires protection 
from strong winds. 

Soil requirements and management practices: 

Irrigation essential during drier periods of year when flowering and fruit 
development occur. 

Fertiliser rates: 

one year old trees: 0.1 kg 13:2:14 mixture, 25 g potassium-magnesium sulphate, 
20 g borax, 0.1 kg zinc sulphate, 0.25 kg super, 25 g potassium sulphate/tree/year 

four plus year old trees: 0.5 kg 13:2:14 mixture increasing 0.5 kg/year to 
maximum 6 kg, 0.1 kg potassium sulphate, 0.1 kg potassium-magnesium sulphate, 
40 g borax, 0.5 kg zinc sulphate/tree/year, 2 t dolomite/ha 

Sensitive to salinity. Avoid saline areas. 

Sensitive to waterlogging. Requires moderately well drained to rapidly drained 
soils. Basic management includes hilling and surface drains. 

Sensitive to flooding. Requires flood free land. 

Tolerates small areas ( < 2.5 ha) originating from broken land and soil complexity. 

Machinery use up to 20% slope. Unstable on steeper slopes when soil or grass 
wet. 

Very tolerant to rock fragments. Minimal soil disturbance. 

Permanent grass cover reduces erosion to minimal levels. 

Varieties: Mainly Fuerte, Sharwil, Hass, Sheperd. 

Yields: 5 year old trees 
10 year old trees 
15 year old trees 

4 to 10 cartons/tree 
20 to 30 cartons/tree 
40 to 60 cartons/tree 
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Bananas 

The banana industry is irrigated and mechanised in combination with manual harvesting. 
Farms individually owned. 

Climatic adaptation: Requires high temperatures (mean maximum temperatures > 25~ 
for optimum growth. Sensitive to frost. 

Soil requirements and management practices: 

Irrigation essential to offset water deficit period in latter half of year, during 
critical stages and to maximise yields. 

Fertiliser rates: 500 kg N/ha/year) 
300 kg P/ha/year) 
800 kg K/ha/year) 

5 to 8 split dressings 

1.5 t granomag/ha (depends on soil pH). 

Sensitive to salinity. Avoid saline areas. 

Plant moderately tolerant to waterlogging but mechanical operations moderately 
sensitive. Basic management includes bedding, surface drains and levelling. 

Moderately tolerant to flooding. 

Contiguous areas >5 ha required. 

Moderately tolerant of soil physical conditions. Cultivation and other soil 
disturbance mainly during land preparation and planting phase of four year cycle. 

Machinery use up to 15% slope. Unstable on steeper slopes. 

Moderately tolerant of rock fragments. Cultivation and other soil disturbance 
mainly during land preparation and planting phase of four year cycle. Basic 
management includes stone picking. 

Conventional soil conservation measures, minimum tillage and surface 
management practices required on erosion prone land. 

Varieties: Mons Marie, Williams. 

Yields: 2130 to 5000 cartons/ha. 

Citrus 

The citrus industry is irrigated and mechanised in combination with manual harvesting. 
Farms individually owned. 
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Climatic adaptation: Generally suited to study area. Produce good quality fruit but poor 
colour. Require protection from strong winds. 

S0il requirements and management practices: 

Irrigation essential during periods of year when flowering and fruit development 
OCCURS. 

Fertiliser rates: 

Young trees: 100 g N, 10 g P, 50 g K/tree/year 
Mature trees (older than eight years): 200 kg N, 20 kg P, 100 to 200 kg 
K/ha/year, 2 to 5 t dolomite/ha used to raise pH where Mg deficiency occurs. 

Moderately sensitive to salinity. Avoid saline areas. 

Sensitive to waterlogging. Requires moderately well drained to rapidly drained 
soils. Basic management includes bedding and surface drains. 

Sensitive to flooding. Requires flood free land. 

Tolerates small areas (< 2.5 ha) originating from broken land or soil complexity. 

Machinery use up to 20% slope. Unstable on steeper slopes when soil or grass 
wet .  

Very tolerant to rock fragments. Minimal soil disturbance. 

Permanent grass cover reduces erosion to minimal levels. 

Varieties: A wide range of varieties are available. 

Yields: Depends on variety and age. 

Cucurbits 

The cucurbit industry is mainly irrigated and mechanised in combination with manual 
harvesting. Under intense cultivation. Farms are individually owned. 

Climatic adaption: Dry season crops only. Disease control very important. 

Soil requirements and management practices: 

Irrigation required during drier periods. Shallow rooted crops. 

Fertiliser rates depend on crop and soil fertility. 

Moderately sensitive to salinity but shallow rooting allows reclamation with the 
use of underground pipes for small areas, surface drains and possibly gypsum 
applications. Avoid saline areas. 
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Sensitive to waterlogging but tolerate a wide range of soils in dry season. 
Bedding and drains usually part of basic management for more intensive crops. 

Flooding not a problem in dry season. 

Watermelons and pumpkins prefer moderately large (> 5 ha) contiguous areas. 
Other more intensive crops tolerate small areas ( > 1.5 ha) originating from 
broken land or soil complexity. 

Require fairly fine seed bed. Seedling emergence and establishment problems 
on hardsetting massive or coarse aggregate soils. Desirable that soil can be 
cultivated over wide moisture range to give flexibility to timing of operations. 

Machinery use up to 15% slope. Unstable on steeper slopes. 

Sensitive to rock fragments due to regular cultivation. 

Soil conservation measures and surface management practices required on erosion 
prone land. Cover crops required on fallow land during wet season. 

Varieties: A range of varieties are available fo/crops such as watermelons, pumpkins, 
rockmelons, zucchinis, cucumbers. 

Improved pastures 

The beef industry on the Wet Tropical Coast is based on improved and native pastures. 
Improved pastures are rainfed and established mechanically usually with minimal 
cultivation. Properties are freehold and leasehold. 

Climatic adaptation: Species selection enables adaptation to a wide range of conditions. 
The species mentioned here are suited to the Wet Tropical Coast 
areas which receive light to no frosts. 

Soil requirements and management practices: 

Although most species are shallow rooted and susceptible to moisture stress, 
pasture production and recoverability depends on management practices and 
stocking rates. 

Fertiliser rates depend on natural soil fertility which can be determined by soil 
type and native vegetation (see pasture management categories Appendix XI). 

Species vary in their sensitivity to salinity. Basic management includes drains and 
use of tolerant species. Clearing of intake and seepage areas should be avoided. 

Species vary in their sensitivity to waterlogging (see pasture management 
categories Appendix XI). 
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Flooding is generally not a problem. Improved pastures are used to stabilise 
areas prone to erosive flooding. 

Management is very tolerant of small but contiguous areas resulting from broken 
topography. 

Seedling emergence and establishment problems may result with small seeded 
species on hardsetting massive or coarse aggregate soils. 

Machinery use up to 30% slope. 

Very tolerant of rock fragments. 

Unstable on steeper slopes. 

Soil disturbance minimal. 

Permanent grass cover reduces erosion to minimal levels. 

Pasture species: See pasture management categories (Appendix XI). 

Lychee 

The lychee industry is irrigated and mechanised in combination with manual harvesting. 
Farms individually owned. 

Climatic adaptation: Generally suited to lower rainfall areas (< 2500 mm). Tolerates 
light frosts. Variety selection important. 

Soil requlrements and management requirements: 

Irrigation essential during fruit development. Moisture stress prior to flowering 
beneficial to induce flowering. 

Fertiliser rates. At four month intervals. 

first year: 0.2 kg 10:2:17 mixture/tree 
4 year old trees: 0.6 kg 10:2:17 mixture/tree 
older trees: 1.5 to 4 kg 10:2:17 mixtflre/tree (depends on size) 

1 t dNomite/ha/year 

Sensitive to salinity. Avoid saline areas. 

Moderately tolerant of waterlogging. Tolerates a wide range of soils as long as 
the soil dries out prior to flowering. 

Moderately tolerant to flooding. 

Tolerates small areas (< 2.5 ha) originating from broken land or soil complexity. 

Machinery use up to 20% slope. Unstable on steeper slopes when soil or grass 
wet. 
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Very tolerant of rock fragments. Minimal soil disturbance. 

Permanent grass cover reduces erosion to minimal levels. 

Varieties: 

Yields: 

Tai So, Kwai May Pink (B3) 

5 to 6 year old trees 
10 to 12 year old trees 
20 year old trees 

1750 kg/ha 
4900 kg/ha 
14000 kg/ha 

Maize 

The maize industry is rainfed and fully mechanised. Under intense cultivation. Farms 
individually owned. 

Climatic adaptation: Mainly dry season crop. Sensitive to frosts. Poor pollination when 
temperatures > 38~ High temperatures unlikely in dry season up 
to November. 

Soil requirements and management practices: 

Dry season crops rely on soil moisture. 

Fertiliser rates. 80 kg N/ha, 35 kg P/ha. 

Moderately sensitive to salinity. Avoid saline areas. 

Requires moderately good drainage. Tolerates a wide range of soils in dry 
season. 

Moderately sensitive to flooding but not a problem in dry season. 

Requires large contiguous areas ( >10 ha) where machinery can be used 
effectively and soil conservation measures implemented. Broadacre crop. 

Requires moderately fine seedbed. Seedling emergence and development 
problems on hardsetting massive or coarse aggregate soils. Desirable that soil can 
be cultivated over a wide moisture range to give some flexibility to timing of 
operations. 

Machinery unstable on steeper slopes > 15%. 

Moderately sensitive to rock fragments due to regular cultivation. 

Conventional soil conservation measures, minimum tillage 
management practices required on erosion prone land. 

and surface 

Varieties: Pioneer 6875, QK958, QK657, Sloan. 
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Mango 

The mango industry is irrigated and mechanised in combination with manual harvesting. 
Farms individually owned. 

Climatic adaptation: Severe disease problems in areas receiving >2500 mm. Frost 
sensitive. 

Soil requirements and management practices: 

Irrigation essential during fruit development, especially on light textured soils. 
Moisture stress prior to flowering beneficial to induce flowering. Light textured 
soils preferred for easier soil moisture control. 

Fertiliser rates: 

1 to 4 old trees 0.1 kg urea, 0.5 kg 10:2:17 mixture/tree/year. 15 year old trees 
4 kg urea, 10 kg 10:2:17 mixture/tree/year. 

0.13 to 1 kg dolomite/tree every 3 years. 

Moderately sensitive to moderately tolerant to salinity. The deep rooting tree 
makes reclamation difficult. 

Moderately sensitive to waterlogging. Deep rooting. Basic management includes 
bedding, surface drains and levelling. 

Moderately tolerant to flooding. 

Tolerates small areas ( < 2.5 ha) originating from broken land or soil complexity. 

Machinery use up to 20% slope. Unstable on steeper slopes when grass or soil 
wet. 

Very tolerant to rock fragments. Minimal soil disturbance. 

Permanent grass cover reduces erosion to minimal levels. 

Mainly Kensington Pride. Varieties: 

Yields: Tree age Yield/tree (kg) 
0 to 4 0 to 5 
8 to 9 5 to 100 
10 to 14 20 to 200 
15 to 19 50 to 500 
>25 50+ 
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Papaw 

The papaw industry is irrigated and mechanised in combination with manual harvesting. 
Farms individually owned. 

Climatic adaptation: Generally suited to study area. Sensitive to frosts and strong winds, i 

Soil requirements and management practices: 

Irrigation essential during drier periods. 

Fertiliser rates to applied as monthly split dressings. 

Preplant: 52 kg N, 168 kg P, 48 kg K, 40 kg borax, 2 t dolomite/ha/year. 

Non-bearing plants: 164 kg N, 30 kg P, 144 kg K, 40 kg borax, 2 t 
dolomite/ha/year. 

Bearing plants: 256 kg N, 30 kg P, 244 kg K, 60 kg borax, 2 t dolomite/ha/year. 

Sensitive to salinity. Avoid saline areas. 

Sensitive to waterlogging. Requires moderately well drained to rapidly drained 
soils. Basic management includes bedding, surface drains and levelling. 

Sensitive to flooding. Requires flood free land. 

Tolerates small areas ( < 2.5 ha) originating from broken land or soil complexity. 

Machinery use up to 20% slope. Unstable on steeper slopes when grass or soil 
wet. 

Very tolerant to rock fragments. Minimal soil disturbance. 

Permanent grass cover reduces erosion to minimal levels. 

Varieties: No specific varieties. 

Yield: 35 to 50 t/ha, depends on plant spacing. 

Peanut 

The peanut industry on the Wet Tropical Coast is irrigated and fully mechanised. 
Under intense cultivation. Farms individually owned. 

Climatic Adal~tation: Disease control very important. Dry season crop only. 
Rotation necessary to reduce disease incidence. 



136 

Soil requirements and management practices: 

Shallow rooted crop. Irrigation essential to supplement soil moisture deficit 
during dry season. 

Fertiliser rates: 200 to 400 kg super/ha 
0 to 80 kg K/ha (depending o~, soil fertility) 
Lime as required. 

Sensitive to salinity. Avoid saline areas. 

Sensitive to waterlogging. Requires well drained soils. 
Flooding not a problem during dry season. 

Large contiguous areas ( > 10 ha) required for effective machinery use and 
implementation of soil conservation measures. 

Hardsetting massive and/or stiff clay soils restrict peg development. Desirable 
that soil can be cultivated over wide moisture range to give flexibility to timing 
of operations. A relatively deep (> 0.5 m) friable soil important for removal of 
soil from peanuts during harvest. 

Machinery unstable on steeper slopes > 15%. 

Very sensitive to rock fragments. Interfere with cultivation, planting and harvest. 

Conventional soil conservation measures required on erosion prone land. 

Varieties: Virginia Bunch, Red Spanish. 

Yields: 1.5 to 2.5 t/ha. 

Pineapple 

The pineapple industry is irrigated and mechanised in combination with manual 
harvesting. Fruit goes to local fresh fruit market. Farms individually owned. 

Climatic adaptation: Suited to study area. Sensitive to frosts. 

Soil requirements and managements practices: 

B Drought tolerant and can be grown on a range of light textured soils. Irrigation 
desirable during dry periods. 

Fertiliser rates are for nutrient deficient soils for plant and first ratoon crops. 

1200 kg N, 100 kg P, 1200 kg K, 350 kg Ca, 300 kg Mg, 15 kg Fe, 7 kg Zn, 7 kg 
Cu, 1 to 3 kg B/ha/year. 



137 

Sensitive to salinity. Avoid saline areas. 

Sensitive to waterlogging. Shallow rooted and will tolerate imperfectly drained 
soils provided bedding is practised and soil can be drained effectively with drains 
or underground pipes for small areas. 

Sensitive io flooding. Requires fl0odfr.ee land. 

Tolerates small areas ( < 2.5 ha) originating from broken land or soil complexity. 

Machinery use up to 15% slope. Unstable on steeper slopes. 

Moderately tolerant to rock fragments. Affects land preparation and planting 
operations every three to four years. 
Conventional soil conservation measures, minimum tillage and surface 
management practices required on erosion prone land. 

Varieties: Queensland Cayene, common rough, MacGregor, Alexandra. 

Yields: Smooth leaf varieties; plant crop 55 t/ha 
ratoon crop 45 t/ha 

Rough leaf varieties; plant crop 35 to 40 t/ha 
ratoon crop 45 to 50 t/ha 

Pinus caribaea 

The forestry industry is based 
predominantly on crown land. 
(approximate) crop cycle. 

on exotic pines which are rainfed and growing 
The industry is fully mechanised with a 30 year 

Climatic adaptation: Suited to study area receiving > 1600 mm annual rainfall. Strong 
winds combined with waterlogging can cause windthrow. Requires 
frost free conditions. 

Soil requirements and management practices: 

Deep rooted but approximately 90% of roots in top 0.25 m. Adapted to light 
textured soils but trees particularly susceptible to water stress during 
establishment. 

Can utilise 10wnutrient soils. P fertiliser normally applied and occasionally N, 
Cu, Zn, B, S applied to more nutrient deficient and highly leached soils. 
Sensitive to soils with pH  > 7. 

Very sensitive to salinity. Avoid saline areas. 

Moderately intolerant to waterlogging. Grows best on well drained soilsl Soils 
with > 0.35 m of topsoil to an impervious layer with potential drainage problems 
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are high mounded (profile cross section 0.8 m 2) on a contour of 1 in 100. 
Mounding conducted to supply sufficient soil depth and to raise roots above 
watertable. 

Moderately tolerant to flooding. Damage mainly in first few years of 
establishment. 

Moderately sensitive to small areas resulting from broken land or soil complexity. 
Minimum area 5 ha with minimum width 100 m .  

Machinery use up to 20% slope. Unstable on steeper slopes. 

Moderately tolerant to rock fragments. Cultivated and mechanically planted only 
at beginning of 30 year crop cycle. Herbicides and hand planting employed on 
small, very rocky areas. 

Erosion is of concern only in first 2 to 3 years of establishment prior to 
establishment of permanent grass cover. Clearing, raking, ploughing, mounding 
and planting carried out on the contour on erosion prone land. 

Varieties: Pinus caribaea var. hondurensis (Honduras Caribbean pine) 

Rambutan 

The rambutan industry is irrigated and mechanised in combination with manual 
harvesting. Farms individually owned. 

Climatic adaption: Sensitive to low temperatures and frosts. Requires mean maximum 
summer temperatures >25~ and mean mininmm winter 
temperatures > 14~ Some varieties can withstand 3 to 4~ for 
short periods. Wind breaks essential. 

Soil requirements and management practices: 

Irrigation essential during fruit development. Flowering initiated by moisture 
stress for four weeks. 

Fertiliser rates: 

First 4 years: 200 kg N, 35 kg P, 100 kg K/ha/year 
Bearing trees: 200 kg N, 25 kg P, 130 kg K/ha/year applied quarter at fl~ait set, 
half after harvest, quarter 9 weeks after harvest. 

Sensitive to salinity. Avoid saline areas. 

Moderately tolerant to waterlogging. Tolerates a wide range of soils," beneficial 
....... if soils dry out prior to flowering. 

Moderately tolerant to flooding, _ ~ - 
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Tolerates Small areas (; <2:5  )0}igin/iiing f r o m  broken lard o/~:S~ii}c6mNexity. 

Machinery use up to 20% slope. Unstable on steeper slopes when Soil Or grass 

Very tolerant to rock fragments. Minimal soil disturbance. 

Permanent grass cover reduces ~erosi0n to ~ m a i  lev ~ i..~r:, ~, ! 

Varieties: Peng Thing,Bee (R3~:(variety evaluated,at Kamarunga). ~ : . : ,  

Yields: 5 year, old trees ! 20 kg/ t ree  : ,(Malaysian figures. 
10 y.ear old trees 110 kg/tree Australian figuresnot 
17 year old trees 220 kg/tree yet established) 

Rice 

-The rice industry on the Wet Tropical Coast is rainfed, fully mechanised. Under intense 
cultivation. Farms individually owned. . . ,  

Climatic adaptation: Wet season crop. Planted December to January, harvested May to 
June. Strong winds cause lodging. Weed and pest control generally.::d 
more expensive than Mareeba to Dimbula area due to wetter 
climatic conditions. ~ . . . . .  ,T  

Soil requirements and management practices: 

Shallow rooted crop but severe soil moisture restrictions unlikely during wet 
season provided there is adequate moisture at planting. 

Fertiliser rates: 

90 to 135 kg N, 25 kg P/ha. K and trace elementsas required. 

Moderately sensitive to salinity. Management includes underground pipes (for 
small areas) and drains. Gypsum applications may be beneficial on some soils. 

Plants tolerate waterlogging but machinery operations such as planting and 
harvesting may be restricted, during wet season. Basic managements,includes 
surface drains andlevell ing. . ,  . . . . . . . . . . . .  ~ . . . .  

Moderately tolerant to floo~iing: but lodging causes .harvesting problems. 

Large contiguous area ( > 10 ha) ~ required for effective machineryuse and 
implementation o f  soil conservation measures. , 

Moderately fine seed bed required. Seedling emerience and establishment 
problems on hardsetting massive or coarse aggregate soils., Desirable that soil can 
be cultivated over wide moisture range to give-flexibility ib timing Of bperations. 
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Machinery unstable on steeper slopes > 15%. 

Moderately sensitive to rock fragments due to regular cultivation. 

Conventional soil conservation measures, minimum tillage and 
�9 , : ~ , -  management_ practices required on erosion prone land. , ....... ~ ~, 

Varieties: Bluebonnet 50. : ; : '  

Yields: Approxamately 3 t/ha. ~ ~ :: : 
. . . . . .  " i 

surface 

Sor~nm . . . .  

Grain and forage sorghum is rainfed and fully mechanised. Under intensive cultivation. 
Farms individually owned. 

Climatic adaptation: Mainly dry season crop. Sensitive to frosts. Poor pollination when 
temperatures > 38~ High temperatures unlikely in dry season up 
to November. 

Soi! requirements and management practices: 

Dry season crops rely on soil moisture. 

Fertiliser rates. Mainly N and P. S, K, Zn as required. 

MOderately tolerant to salinity. 

Requires moderately good drainage. Tolerates a wide range of soils in dry 
se~tson. 

Moderately sensitive tO flooding but n o r a  problem in dry season. 

Requires large contiguous areas ( > 10 h a ) w h e r e  machinery can be used 
effectively and soil conservation measures implemented. Broadacre crop. 

Requires moderately fine seedbed. Seedling emergence and establishment 
problems.on hardsetting massNe or coarse aggregate soils..Desirable that soil can 
be cultivated over a wide moisture range to give some flexibility to timing of 
operations. 

Machinery unstable on steeper slopes >15%. : '"  i_~ .... :~: 

Moderately sensitive to rock fragments due to regular cultivation. 

Conventional soil conservation measures, minimum tillage and surface 
management practices required on erosion prone land. 

Varieties: Mainly hybrid E57, others SM8, Solo H, new tropic, DK55, Triumph. 





142 . 

The sugar-cane industry in the Ingham area, is rainfed, ... fully mechanised~ :tra~tionally 
under intense cultivation, and burnt cane. Recent -trends' inciude green: Cane harvesting, 
trash retemjon:and minimum tillage, r: : :,,. .... :-,,.~: . ~,- ~ ..,, :~,,: ~.~.~::..: , - - : : , ~ : . : > : ~ .  

Climatic adaptation: Suited to Study area. 7.::: .,:,~::! ~7,~ ~.~,' ~. . . . . .  

Soil requirements and management  practices: 

Irrigation beneficial in low rainfall areas:-or., oft, dry soils d u t ~ g  .water deficit 
period. Bulk of growth during wet seasom ...... - , .  -.,~: 

Fertiliser rates as per BSES recommendat ions :  High,  rates o f  nitrogenous 
fertiliser have acidified soils. A l u m i n u m  tolerant. 

"2 % ; " 

Moderately sensitive to salinity. Basic management  includes underground pipes 
(for small areas), crossdrains and possibly gypsum application. 

Moderately tolerant of water logging.  Variety selection enables use of a wide 
�9 , ...... r a n g e o f  soils,-Basic management  includes,bedding, s u r f a c e  drains andpossibly 

l e v e l l i n g . ,  e . .  

M o d e r a i e l y  tolerant to flooding. D a m a g e  depends on cane  variety and flood 

�9 , : .  Co~tigu:ous; areas >, 5 ha preferred, 

Desirable that soil can be cultivated over wide moisture range to give flexibility 
to timing of operations. ~ . ~:: . . . .  : : : : : , :  : , . ~ ~- ~. : .  ~ : 

Machinery: use u p  to 15% slope. Unstable on steeper slopes. ~ -  
~ i i  ~ - ~ ": : " " . . > ' ~  i .  ~ '  :.~,; i : ~  " i ~ . ~ i ' ~ :  .:  . f  : 

Moderately sensitive to rock fragments due to low harvest heights and regular 
cultivation. Basic managemem, inr raiNng cutting.height at ha~es t  and rock 
picking during fallow. Minimum tillage reduces  rock fragments brought to 
surface. : ...... . 

Conventional soil conservation measures, minimum tillage and surface 
management practices required on erosion prone land. , ~,:~> 

Varieties:: : As ;per BSES. approved va~eties.:.  ~ �9 ~:.~.~.~ ~: i o:- ~ .~-,~ :~ ~.~:~. < 

Yields: Average yields per harvested area are 76.8 t /ha  for Victoria Mill, 71.5 t /ha  
for Mackrl :~e  Mill,:;. :~: !:.:~ <:,: ,.i,-~c~ <i::~v ,:,~. :~: ....... 7~ :~, i :  ::,::: ::,z: : 
Average ccs is 13.5 units. 

..: u . ; ~ t ' , :  7::i 7 : i ' ~ ' Z : ' 2 1 . . ' ~ F : z .  " .,::_s5 {' 7~':7'.~ z ) ! ] ; . ' .  

The sweet corn industry is irrigated and mechanised in combination W|th manual 
harvesting. Under  intense cultivation. Farms are individually owned. 
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Climatic adaptat ion:  Poor  pol l inat ion when  tempera tures  > 38~ Sensitive to ~ t s ' N : ~ u ~  

So r e q m f e m e n t s ' N n d m a n a g e m e n t ,  act~eeN-::,: ~::~.:;:-tc,:r[ ,;,', : i  .,,--~:, ,~,,; 5n~:~-~;,~ 

Irr igation essential during moisture sensitive stages at.-,e~tibhshment,~d~.:-ftorr~:, ~ 
tasselling to harvest. .~:::~~: ,.,D,~, ~.,~: L:~,~.~kl  : ~o i ,~c~q~ . ;b~  :;i~,~T~ii: , 

Ferti l iser rates:- 

Side dressing: 200 kg 11:2:15 mixt~ate ~ ~",~ ::":;:'-~:: :(~;',:'~. ~.' ,..i;,~!] ~., ~,..~ 

Mo~ie / a t~ ly '~ng i t i~  !tb satiNty:'::'Avi3ia S:'aline Jit6as,,-~,:~. ~,. : ..... ::~ -,.~:, ~,- :, ~ 
i ~ , , " ; s  r ' :IU~';_L[~"t.!! . .  ~ ; . -  . . : ! , a .  " ~ 3 ~ L !  

Requires  modera te ly  good drainage but  will tolerate  a wide range of soils during 
dry ~ seasbn!"  ~.- ;~''v': ' " . . . .  - ..... ~ ........ '- ~ ' ~ 

Mo,derately sensitive to flooding. Not  a p rob lem in dry season. 

Requires  l~ir~eZ:cdiitigu0us :;areas~:'( ~ 10 :aaay-where r r r a~ ine ry ,  d, an?,~e ~ used 
effectively. ' ~ :::':~ ~ ........ 

Re~l~lires ~-m'0d~rat ely fine, :~seedbed~, ~,:,. Seedl in ,:., ~ m e r .  g g eneei ~ ,anti~,Jdevel0. pment  
problems on hardset t ing massive or coarse aggregate soils. Des'$ral~I~tl~t:s6il can 
be cultivated over a wide moisture  rang~ to :g ive~soNe fteNNlity:.~O~iming of 
operations.  

Mach ine ry  unstable on steeper  slopes >15%.  " , ~ . " : ' : " ' . : " '  ' ~:~-~:~:: ' ~  

Conventional,  e ~ f l  ', ~-6rm~rvatiot~:" mea{ures,~ , :mi~mum:  t i l lage:and,: , . ;gurface 
managemen t  practices required on eros ion prone  land. 

. ' , . ,  .:i ~ ;i i "; L~ f'; . . . . . . . .  ' i (  .-~.~ ...... r , . ~ k } ; . ,  . . . . . . .  # ;  ~ t . . ; k .  t , ~ .  

Varieties -~' ' ::~ Styl~e Packr G0 t t t en -Fancy ,=N~t95 i '  .M, i d  a~:~.~. ~ )~: ' ~~'~ 

Yields: 800 to 1200 car tons /ha ,  approximately 30 cobs/car ton.  ::.:; ~.:, 

',-~ : . , ! . / ,  ( :Z~ ' . i i ~  r"  E, ~. ":L'T: . ~ : ~ . / ~ E S ~ : ;  "~' ; ] . 2 ' , " ]~ : j .~O ' .  : ~ ; >  ~i,~]~; , ' ; t ,  . . . .  "~.~ 

Sweet pota to  ,~;:~ .::i,;Tq ,,~; :{~::~: ::;7 ~,~ ;T i L, ,: :,; ..................... 

The  sweet pota to  industry is irrigated, ful~;~Naani~edt~-~'Unizldf--!,~t~mive cultivation, ".z 
Farms individually owned. 

Climatic adaptat ion:  Dry season crop only to limit pests ~ and dlseasesi~. ~,'~ 

Soil requirements  and managemen t  practices: 

Shallow rooted  crop. Irr igat ion essential  to supplement  soil moisturocdef-iei~~ 
during d ~  season�9 
rf-~ d ~ i , ~ , '  ~ , t ; i , ~ i - : i ~ i ? , ~ i ~ .  , ?~i b~,"  ~_,,),-,~. 4 ,  . ~ , . ~ . ~  ~-rT.. D V ; :  ! . . , ~ ? ~  ~ t ! i  ~ ;  : r  ~ 3 ~ . ~  . . . .  ~ u ~  ~,.,~'~ 
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: ; ' P ~ 3  ;~  i ~ ,  : , ~  " , 7  " ; : "  " . . . . .  ~ ", , ; :  I ~ * ; . ,  ~ ~'~ - " ; ~  ~ . . . . . . .  , < " ,  " . ~ ,  " ~ r !  ; < - �9 

37"~"td 500" kg N'.F:K: ~ t u r e  ( d~pends  ati "soil ferfi t i ty); 'doI0rri i te"apphed prior  
,o ~_ tO,p!,a~-~ing. 

saii~ty s~iine ~r~e-as. ~:';: :; ": ..... :' "~: -:)~,..'.;.,~~2:5::~7:.:SensltlVe t0~ . A v o i d  > ::.,:::5:~ ~::2,-:~: r:i ;;:,:::,~:~-If>c :- 

Sensitive to water logging.  Requi res  well dra ined soils. 

Flooding not a p roblem during dry season. 

Tolerates  small  areas ( > 1.5 ha) or iginat ing f rom broken  land or soil complexity. 

Hardse t t ing  massive a n d / o r  stiff clay soils restrict"tuber~deve~0pmeiit: :" Desi rable  
that  soil can be .cultivated over wide mois ture  range to give flexibili W t o  t iming 
of operauons.  A relativeIy deep (> 0.5 m) frmble soft ~mpoff~int fOr r emova l  o 

..... soil  f rom tubers during harvest.  

:. ; : ' : : ~ , c h ~ f l n s t a b [ e  o n  s teeper  s lope~ > i 5 % : ;  : .... : ' ' ........... "' :i 

- Ver  9 serMtive" to rock fragmerltL: Interferes  With cult ivation,  planti:ng a n a  harvest.  

.., ...... C9nve~tion, a! soil conservat ion measures  required on erosion prone  l a n d .  

. . . . .  ; *'~ . . . : . - ~  ~ : :  : ~ : , : "  . 7 ~ ) , : , ~ ' t d '  ~ : : : ~ )  iG52 22 ~ , r ; :  

Variet ies:  Mandy  C o - 3 2 3 ; ; B e 6 ~ a h  gold; NC- '3) :eehtennlal .  ::'": : ::.5:{,,;.~::::,.:~ 

The  tea industry is mainly rain:fed and fully mechanised.  All wea ther  road access is 
required to allow regular  harvesting, t ranspor t  of harvested leaf  to processof: :and the 
bringing in o f  l~bo~r and supplies. ~ . 

Climatic  ad/~ptafion: RSqui~es  ~'2001):~m anhfi~il'/a'i~fali"" gen~kiv~ ~6 frdsltgi ::> " ~  

�9 ~_:  : } L ;  ,! ~ > : ~ .~ k +  . :  Soft r eqmrements  and managerfiefit  pfa'cfiees~ : ~: : ' : ;  :" ~: ~, :" : :2 .... : ,  ...... " 

Plant  deep rooted and drought  ~61er~t~t ! ~ u ~ [ r r t g ~ f i o r l - b ~ e ~ i ~ c m I * ' d u r m g  
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APPENOIX Xl 

PASTURE HANAGEHENT CATEGORIES 

Pasture management categor ies  comb%ne recommended f e r t t L i s e r  ra tes  ( I )  with recommer~ded pasture species ( I I )  

I .  Fer tJLtser  ra tes  

GeoLogy/vegetation 

Category . basa l t  metamorphic grant te  2 aLLuvia beach r idge 

1 ra in  fo res t  ra in  f o r e s t  ra in  fo res t  
paLm fo res t  palm fores t  

bastard scrub bastard scrub 

rain forest 
palm fores t  

bastard scrub 

acterophytt  
open f o r e s t ,  
narrow 
Leaf t e a - t r e e ,  
brosd Leaf 
t e a - t r e e  

grass 
scLerophyLL 
w ~ l L a n d  

EstabLishment (kg/ha) 
' ":L 

% :  

Grass and Legume ~, 

25P, 0.514o 3 

25P, 50KCL, O.SHo' 

25P ~.~ 

25P,  5OKCL < 

25P, 10CuSO4, ,.. 
0. 514o }" 

broad Leaf 5OP, IOOKCL, 0 . 5 ~  
tea-tree ::!. 

/ :  

narrow Leaf SOP, 50KCL, ~ , 5 ~  
tea-tree, i:'~ ::i 
t ree less  p la in  iX ~:, 

lit .*~ 

Gras6 ~- ~: 

only ::::. i:!! 

+ 1 8 0 R  ~A ~ 

+ 180R ~: 

+ 180:N 
~. ~ .2 

! .  25 ~ 
+ 180N 

+ lSON 2: 

,J  

scterophyL L 
open fo res t  

Ha~ntenance. P applied every two years. CuSO4, ZnSO4, 14o applied every three years. 

Grani te  and acid volcanic geology have the same f e r t l L J s e r  rates (except for  broad Leaf t e a - t r e e )  

14o - Sodium motybdate. 

50P, IOOKCL,~:IO~SO 4, + l~R  
0 . 5 # 4 o  ~.: ~ 

L~- 

C'. :. L. 

.alnts.~os L (~g/bs)'" -, ::~ : 

Grass antd Legume :~ ~'--Grass~ 

3oP, o : ~  3 ~ :~ ~ ~  ::"+ l .o.~ 

30P, O .~,~4o ~ :'7-" ; '  

3up, 0 . ~  ~ ~<: ~ -  ::-' + ISOil~ 

.... " -" -:'L 

~op..o.'~,o :: .... 

~" L-; s 

,~.~' ..... ~'2 ~..,~ s �9 t ~ (.r~ ~-~ 

" 5- g 

�9 ~'~ 

(P 

C 

r.r 
�9 
�9 
~J 

4~ ~J 



I .  F e r t l t t s e r  ra tes cont inued. 

geo logy /vegeta t ion  Establ ishment (kg/ha] HaJntenance (kg~ha) 

Category basa l t  metamorphic g ran i te  a l l u v i a  beach r tdge Grass and Legume Grass Grass and tsgume 

9 grass 50P, 50KCL, lOCuS04, § 180N 30P, lOCuS04, 0.SHo + 180N 
" scLerophyLt 0.5Ho 

woodland 

1O scterophyLt 
open f o res t  

11 grass 
scterophytL 
woodland 

12 narrow Leaf 
t ea - t r ee  

13 broad Leaf 4 
t ea - t r ee  

50P, 50KCL, lOCuS04, + JBON 30P, lOCuS04, lO~nS04, 
LOZnS04, 0.5Ho 0.5Ho 

scterophyLL 5OP. IOOKCL, lOCuSO4, § I8ON 30P, lOCuSO4, 10ZnSO4, 
open f o r e s t  10ZnS04, 0.5Ho 0.5Ho 

Grass 
only 

§ IBON 

4 180H 

SOP, 50KCL, IOZnS04, § I80N 30P, lOZnSO 4, ~O..5Ho 4 IBON 
O.SHo 

50P, IOOKCL, IOZnS04, § 180H 30P0 LOZnS04, O.SHo 4- 180N 
0.SHo 

4~ 
CO 

] I ,  Pasture spectea reommendatton 

Category So i l  drainage Pasture spec.Jas 

a we l l  drained RtversdaLe or  common guinea, s igna l ,  puero, cen t ro ,  s t reLro ,  catopo 

b Imper fec t l y  drained Ham|L, pangoLa, kszanguL a setar . ]a,  puero , cent ro  

o poor ly  drained Pars grass, Pasoatum I~ticatutum BrachJar la humtdjcota cent ro ,  puero, hetero 

Broad tea f  t ea - t ree  on ac id vo lcanic  geology: Add i0 kg Cu504 (equal to  category 1 [ ) .  
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