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What is this manual about? 

Soil sodicity has a marked detrimental effect on sugarcane growth and yield . This 
manual deals with the diagnosis and management of sodicity and related problems 

in the soils and irrigation waters of the Australian sugar industry. 
This manual is part of a toolkit designed for use by extension officers , agribusiness con
sultants and growers in the Australian sugar industry. The other components of the 
toolkit are a diagnostic Field Kit and a computer program Gypsy, used for gypsum rate 
calculations. 
Throughout the manual, words and abbreviations that may be unfamiliar are defined in 
the Glossary section. 
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Why are sodic and 
saline soils an issue? 

EFFECTS OF SODICITY 
AND SALINITY ON 

SUGARCANE GROWTH 

Typical effects of sodicity on crop pro
duction include reduced plant popula

tions and poorer growth of these popula
tions. Growth restrictions are due to 
waterlogging, poor infiltration and avail
ability of water and limited rooting depth. 

Spald ing (1983) investig ated the relat ion
ship between yield, commer cial cane 
sugar (CCS), and soil sodic ity and salinit y 
in a rain-fed block in the Mackay district. 
Growth was variable across the block and 
15 plots were chosen to cover the range of 
yields. Yield was best correlated with the 
exchangeable sodium percent age (ESP) of 
the 0.25-0.5 m depth layer. The relation
ship was linear, decreasing from a yield of 
100 t/ha at ESP O to O t/ha at ESP 66 (a 
decrease of 1.5 t/ha for each 1% ESP). 

Nelson and Ham (2000) carried out a sim 
ilar study at 16 irrigated sites in the 
Burdekin district. The combined effects of 
soil sodicity and salinity accounted for 
79.5% of the variation in yield across all 
sites. Although there were differences 
between sites, there was no consistent 
effect of variety or cro p class. Over all 
sites, yie ld decreased by 2.1 t/ha fo r each 
1% increase in ESP in the 0.25-0.5 rn 
depth layer (Figure 1). The more pro
nounced effect of sodicity in the Burdekin 
was attributed to higher potential yield at 
low levels of sodicity in the Burdekin. 

Sodicity and ameliorative treatments have 
small and variable effects on CCS. In gen
eral. the effects on yield far outweigh any 
effects on CCS. Different varieties may 
vary in their tolerance of sodicity and 
ratoon crops usually suffer more than 
plant cane, but in general, yield is reduced 
by sodicity. 

Sodic layers deeper than 0.6 m are gener
ally not considered to restrict growth, but 
they may reduce drainage throu gh t he 
profile (Ham et al., 1995). 

It has been conservative ly estimated that 
soil sodicity reduces the annual industry 
cane production by 500,000 tonnes (Harn et 
al., 1995). 

Crop symptoms of sodicity are not 
unique, so soils must be analysed in order 
to diagnose the problem. Irrigation water 
also plays an important role, and it too -
should be analysed. 

How does sodicity affect growth? 

Sodic soils have low structural stability 
when wet, which results in undesirable 
properties for crop growth. Cultivation at 
the correct water content may produce a 
friable structure in the cultivated zone . 
However, as soon as the soil wets up, t he 
soil structure becomes unstable; large 
pores col lapse and small pores become 
clogged. 

FIGURE 1: Sugarcane yield is directly related to soil sodicity. 
The graph show s data from 16 sites in the Burdekin (Nelson 
and Ham, 2000) and one site at Mackay (Spalding, 1983). 

Permeability to water rapidly reduces as 
pores collapse, so the wetting front is 
arrested before moving very deep. 
Irrigation water may only move 100 mm 
or so into the soil. Permeability to air also 
decreases, causing the soil to become 
anaerob ic. The ability of wet sodic soil to 
withstand mechanical stresses is very low, 
resulting in soupy and boggy behaviour. 
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• Burdekin, 1997 Because permeability is so low on sodic 
soils, water either runs off, or if the soil sur
face is flat, the water stands for long peri
ods of time, causing waterlogging symp 
toms in the crop (Figure 4). 

50 · As the soil dries, the particles pack togeth 
er, form ing a dense and hard mass with 
few pores, cracks or aggrega tes. It 
becomes very difficult for roots to pene
trate. The moisture range at which effec
tive cultivation is possib le is very narrow; 
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when dry the soil breaks up into large 
hard clods or pulverises to bulldust. Even 
when the soil is moist, the availability of 
the water to plants is low, due to a lack of 
root proliferation and because there are 
few pores of the size that hold water in the 
plant available range (Figure 2). 

Most of the water is held in pores too 
small for roots to be able to extract it. The 
result is long periods of water stress for 
the crop (Figure 6). 

Under rainfall or irrigation, runoff is high 
and infiltration is low, even under low 
application rates (Figure 3). In furrow irri
gated rows, water does not soak up into 
the hill. Sugarcane may show symptoms 
of water stress as soon as a few days after 
irrigation or rainfall. 

Also, crops in these blocks are slow to 
ratoon. The cane typically shows poor 
growth and lack of stool except at the bot
tom end of cane fields where water lies in 
the rows. The problem may not appear 
while the cane is still being cultivated as cul
tivation roughens the soil and opens cracks 
and air-spaces that slow the flow of water 
and enable adequate water penetration . 

The soil behaviour described above may 
not necessarily be obvious at the surface, 
as sodic soils frequently are not very sodic 
in surface layers. However, the soil 
behaves similarly at depth, r~stricting 
water entry and root penetration. 

Poor water penetration and low plant 
available water contents may also be due 
to factors other than sodicity, such as salt 
concentrations in the soil and water being 
excessively low or high. 

OTHER EFFECTS 
OF SODICITY 

Nutr ition and disease 

Although the main effects of sodicity on 
plant growth are due to poor structural sta
bility, there are some nutrition problems 
that are related to sodicity . As sodic soils are 
low in organic matter, have low microbial 
activity and are frequently waterlogged, 
they have a low capacity to supply nitrogen. 
However, normal application rates supply 
more than enough nitrogen, because of the 
low yield potential on sodic soils. 

Zinc deficiency has been associated with 
sodic and alkpline soils in other crops, but 
does not appear to be an issue for sugar 
cane. Iron deficiency can occur in soils 
with high pH, but it is normally temporary 

FIGURE 2: In sodic soils, the volume of large and medium 
size pores is less than in nonsodic soils. As a result, sodic 
soils are often too wet or too dry for effective cultivation 
and root growth and functioning. 

Increasing water content ... 
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FIGURE 3: Sodicity and infiltration rate (from Kazman et al, 
1983). 
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FIGURE 4: Sodic soils can exacerbate waterlogging if the 
ground has little or no slope. 
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and causes negligible yield loss. In sod ic 
soi ls with low CEC, calci um deficiency may 
be evide nt, particular ly if they are also 
acid. Calcium deficiency is corrected 
where lime or gypsum are added as ame 
liorants. 

The sodium itself in sod ic soils is not toxic 
to the crop. Toxicities due to boron, 
molybdenum, selenium and bicarbonate 
have been noted in other crops, but do not 
appear to be a problem in sugarcane. 

Roots that are stre ssed have been shown 
to be more susceptib le to disease and this 
may also be the case fo r sugarcane grow 
ing in sodic soils. For example, chlorotic 
streak may cause substan t ia l damage in 
w aterlogged areas and areas w it h tail
wat er recycli ng. Field obse rvations in the 
Burdekin have suggested that chlorotic 
streak, waterlogging and tai lwater recy
cling may ofte n be associated with sodic 
soils (R Schultz , personal communication ). 

Cultivation and trafficability 

Cultivation is most effective and efficient 
when soil water con tent is around or just 
below the plastic limit. If the soil is much 
wetter when cultivate d it smears and if it 
is much drier , it tends to break up into 
large clods o r pulverise. 

The water conte nt range for optimum cul
t ivation is very narrow in sodic so il s, so 
the time period for effective cultivation is 
shor ter than it is for nonsodic soils 
(Figur e 2). 

Most soils are prone to compaction when 
driven on whi le wet . Sodic soi ls are par
ticu larly prone to compactio n due to their 
low structura l stability. They tend to be 
boggy when wet, making cult ivation and 
harvesting ope rations difficult. 

AGURE 5: Sodic soils often break up into large clods when 
cultivated due to their high strength w hen dry. 

FIGURE 6: Sugarcane on sodic soils may 
show sympt oms of water stress only a 
few days after irrigation or rainfall 

Sugar quality 

Apart from the agronom ic prob lems asso
ciated with sod icity, soils with high clay 
content and high ESP can cause problems 
with juice clarification in the mill. Soi l 
inputs to the mill can be higher in sodic 
soils because they tend to be wetter and 
boggy at harvest. 

In areas where the soils or irrigation water 
are saline, ash contents in juice are high , 
causing difficulties in obtaining high qual 
ity sugar. 

Environmental impacts 

The clay that disperses in sodic soils is 
highly prone to moveme nt in runoff. 
Under natural vegetation, the soil is usu
al ly prot ected by plants and litter and ero
sion losses are low. Runoff may be turbid 
or cloudy for limit ed lengt hs of ti me dur
ing high rainf all-ru noff events. 

How ever, wh en sod ic soils are cultivated, 
erosion of clay particles is increased sub
stantially. Under irrigation, tailwater runoff 
also tends to be turbid. The dispersive 
nature of sodic clay means that it tends to 
remain suspended in creeks and wetlands , 
reducing light penetration and the produc
tivity of submerged aquatic plants. 

So the whole ecology of wetlands is upset 
by th e introduction of turbid water from 
cultivated sodic soils upstream. Clay in 
runoff water can also increase the amount 
of nutrients and pesticides moving off the 
paddock and into waterways, because 
pesti cides and nutrients such as nitrogen 
and ph osp horus are largely bou nd to 
clays. 

Low yields of sugarcane on sodic soils mean 
that areas cleared and infrastructu re needed 
for a given level of production are much 
higher than for more productive soils. .A. 

CRC SuGAR TECH1'< 1C AL P UBLICATION 

7. 



S ODIC S OIL S M ANUAL 

8. 



Why do sodic soils 
behave as they do? 

WHAT ARE SODICITY 
AND SALINITY? 

Exchangeable and soluble cations 

Clay, because of its small particle size 
(<0.002 mm in diameter) and large 

surface area. is the most reactive compo 
nent of so il. Most types of clay carry a 
negative charge th at is balance d by 
exchangeab le catio ns (cations are posi
tive ly charged ato ms o r mo lecules }. Som e 
types of clay, such as kaol inite , have rela
t ive ly low amounts of negative charge, 
whi le the shr ink ing- swel lin g clays, such 
as montmori llonite, have very hig h nega
tive charge. Organic matte r also carries 
substantial negative charge. 

The amount of negative charge, and 
therefore the amount of exchangeable 
cations that a soil can hold , is termed the 
cation exchange capacity (CEC}. CEC is 
expressed as cmol(+) / kg soil (centimoles 
of charge per kg of soil), which is equiva
lent to meq/ 100 g soil (milliequivalents 
per 100 g soil}. The higher the contents of 
clay and organic matte r in soi l, the higher 
the CEC. It ranges fr om about 1 

FIGURE 6: When sodic soils become wet , the clay (particles 
less than 0.002 mm in diameter) disperses. Placing a soil 
aggregate in distilled water is a good test for soil sodicity, 
as the dispersed clay move s away from the aggregate . 

cmo l(+)/kg so il 1n sands co 40 cmol (-..)/kg 
soil in heavy clays . 

The dominant exchangeable cation in 
most neutral to alkaline soils is ca '·. Other 
cations that can be present in significant 
amounts are Mg 2', K· and Na•. Many 
Austra lian subsoils have as much or more 
exchangeable Mg 2' than Ca1

+. In so ils with 
pH < 5.5, A l3 ' and H' are imp orta nt 
exchangeab le cations. Above th is pH alu
min ium occurs in differen t fo rm s that are 
non -excha ngeable. 

Exchangeable cat ions are held close to the 
soi l particles by electrosta t ic attr acti on. 
The higher the charge they have, the more 
tightly they are held. For example, A l3- is 
held more tightly than Ca1\ which is held 
more tightly than Na· . 

In addition to containing cations attached 
to the soil particles (exchangeable cations ), 
soils also contain cations, along with 
anions , in solution. The cations and anions 
in solution are soluble salts . There is con
stant exchange between the exchangeable 
cations and those in solution , so they are 
said to be in equilibrium with each other. 
So if there is a high concentration of sodi 
um salts in so lution, sod ium wi ll also com
prise a high proportion of th e exchange
able cat ions attached to soil parti cles. 
Adding or remov ing solub le salts w ill 
change the compos ition of sol uble and 
exchangeable cations in the soil. 

Defin ition of salinity, sodicity and sodic soil 

Salinity is the concentration of soluble 
salts in th e soil. Salts are predominantly 
chlorides , sulfates and bicarbonates of 
sodium, calcium, magnesium and potassi
um . In Australian saline soils the most 
comm on typ e of salt is sodium chloride. 
Saline soils may have any type of texture , 
but they are normally found in low parts 
of the landscape where salts have accu
mu lated. Saline soils are not common in 
wet climates, because the salts are 
leached out of the profile. 

Sodicity is defi ned as t he proporti on of the 
cat ion exchange capac ity of the soil that is 
taken up by sod ium, expressed as t he 
exchangeable sodium percenta ge (ESP). 
Thus if a so il has a cation excha nge capac
ity of 12 cmol( +)/kg (or meq/100g), and an 
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exchangeable sodium content of 3 
cmol(+) /kg, then it has an ESP of 25%. 
Soils with an ESP > 6 within the A or B 
hor izons are defined as sodic soi ls and 
those with ESP> 15 are classed as high ly 
sodic soils. However, there is no particu lar 
cutoff value at which soil behaviour dete
riorates. The way in which soil behaves at 
certain values of ESP depends on other 
soil properties and on how it is managed. 

The term sodic has replaced the term 
soda, which referred to alkaline sodic soils. 

Salinity and sodicity in soil profiles 

Sadie soils usually have a duplex profile, 
with a lig ht textured topsoi l and an abrup t 
change to a dense clay subsoil (Figure 7). 
However, soils that have clay texture or 
lighter texture throughout the profile may 
also be sodic. In most soils sodicity is 
greatest in the subsoil, between about 0.3 
and 1.0 m depth. 

Salinity and sodicity often occu r toget her. 
Because the dominant type of salt in 
nature is sodium chloride, and because 
exchan geable cations are in equilibrium 
with soluble cations, saline soils are nor
mally also sodic. Soil salinity indicates 
how leached a soi l is - the mor e leached 
the soil, the lower the salt conc entra tion . 
So in wetter cl imates, or following irriga 
tion with good quality water, soils become 
less saline, but they may remain sodic. In 
drier climates, sodic soils tend to be 
saline, especially at depth. 

Sadie soils are frequent ly also alkaline -
in other times and places the terms sod ic 
and alkaline have been used interchange
ably. The most common pH profile is a 
slightly acid to neutral topsoil over an 
alkaline sodi c subsoi l. Profiles that are 
alkaline throughout are common in the 
Burdekin and sodic soils that are acid ic 
throughout the profi le are common in the 
Bundaberg district. Sadie soils also often 
have relatively high concentrations of 
magnesium, or high Mg:Ca ratios. 

Irr igation water can also be classed as 
saline when it has a high salt concentra
tion, or sodic when it conta ins a high pro
portion of sodium salts. 

HOW SODICITY AFFECTS 
SOIL PHYSICAL PROPERTIES 

The physical problems of crusting, poor 
penetration of water and roots, difficulties 
in effective cultivation and erosion in sodic 
soils, are all related to clay dispersion. 

FIGURE 7: Two sodic duplex (Sodosol) 
profiles from the Burdekin {reproduced 
with permission from Donnollan, 19911. 

Clay dispersion and soil structure 

Exchangeable sodium ions are not very 
strongly bound to the clay and in a non 
salin e sodic soil they tend to form a dif 
fuse layer around the clay partic les (dif 
fuse double layer). 

When the clay particles are free to move 
in water, they repel each other because of 
their thick envelope of exchangeable 
cations. This repulsion causes clay disp er
sion. In a saline sodic soil, the ions in solu 
tion are packed mor e close ly together, and 
the cations balancing the negative charge 
on the clay are found closer to the sur -
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FIGURE 8: The effects of sodicity at the scale of two clay particles, which are flat and I 
shown in cross section. Each particle is only about 0.01- 2 µm in diameter . 

a) 

C;, • ca·-

ca·· Ca · 

ca·· 

Ca 
ca·· • 

ca· Ca·-

b) 

c) 

faces of the clay particles. The clay parti 
cles can move closer together without 
repelling each other. As they come closer 
together, attractive forces become 
stronger. If they move within 0.002 µm of 
each other, the net force between the par 
ticl es becomes attractive rather than 
repulsive, and the particles flocculate. 
However, if the salt concentration is 
reduced by leaching, the clay particles dis
perse (Figure 8). 

In nonsodic soi ls, Ca2
• or Al3

' are usually the 
dominant exchangeable cations . Both of 
these cations have a high charge, so unl ike 
Na., they are bound closely to the clay sur
faces. In addition, each Ca2

• ion has twice as 

a) The dotted fine separates the 
exchangeable cations, which bal
ance the charge on the clay parti
cles, and the soluble cations, whose 
charge is balanced by anions in 
solution. When the dominant 
exchangeable cation is calcium, the 
layer of exchangeable cations ('dou 
ble layer' or 'diffu se double layer') is 
thin , because the calcium ions are 
bound close to the surface of the 
particles . The two clay particles nor 
mally repel each other, because 
each is surrounded by a positively 
charged fayer of cations . However, 
in a non -sodic soil, because the dif 
fuse double layers are thin, the par
ticles can come quite close together. 
If they come within 0.002 µm of each 
other, short range attractive forces, 
simi lar to gravity, take over, and the 
particles stic k together or flocculate. 
b) In a sodic soil , there are more 
exchangeable cations in the diffuse 
double fayer than in a soil dominat
ed by calcium or magnesium , 
because the sodium ions have only 
one charge per ion. Also, because 
the sodium ions are fess highly 
charged, they are not bound closely 
to the clay particles. Therefore, the 
diffuse double layer is thicker than 
in nonsodic soils, and clay particles 
cannot approach close enough for 
attractive forces to dominate. The 
clay is dispersed. 
c) In saline sodic soils, The high con
centration of ions forces the sodium 
ions clos e to the surface, so the dif
fuse double layer is compressed, the 
clay particles can come close togeth 
er, and flocculation occurs. While 
the soil remains saline, the clay 
remains flocculated. However, as 
soon as the salt is leached out, the 
clay particles revert back to the situ
ation in b), and dispersion occurs. 

much positive charge as each Na· ion, so 
only half as many are required to balance 
the negative charge on the clay particles . 
When Al 3

• or Ca2
• are the dominant 

exchangeable cations the diffuse doub le 
layer is thin and the clay particles flocculate. 

If clay disperses upon wetting, soil struc
ture is very unstable, and larger aggregates 
collapse (Figure 9). In highly sodic soils, the 
wetting action alone is enough to cause 
structural collapse. In less sodic soils, struc
ture is more stab le, but will sti ll collapse if 
soils are disturbed by raindrop impact, cul
tivation or compaction. Therefo re, stable 
soil structure is not possible in soils con
taining dispersive clay. 
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Interaction of sodicity with other soil 
properties 

Sodicity and salinity are two of the main 
factors influencing clay dispersion (Figure 
10). However, other soil factors such as 
clay content and clay type , organic matter 
content, pH and other exchangeable 
cations also play a role. Good manage
ment, particularly minimising disturbance 
of the soil via cultivation and maximising 
protection of the soil surface from rain
drop impact reduce clay dispersion at the 
surface. While flocculated clay is the basis 
of good soil structure, even if there is no 
clay dispersion, soil structure and struc
tural stability are not necessar ily optimal. 

The soil properties mentioned above -
particle size distribution or texture, the 
type of clay, the content of organic matter, 
pH and management all influence the 
structure of soils and interact with sodicity. 

Texture and clay type 

The adverse effects of sod1c1ty are worst 
in soils with medium texture. In sandy 
soils , ESP may be high, but the small 
amount of clay present is not enough to 
cause sodicity -related problems. So in 
soils with very low CEC, the ESP value is 
not particularly meaningful. 

At the other extreme, soils with very high 
clay content tend to shrink and swell. 
Shrinking and swelling causes cracks and 
pores to develop, allowing entry of root s 
and water. Soils with loam to light clay 
texture tend have the poorest structu re for 
any given ESP, because they contain 
enough clay to cause the problems dis
cussed above, but not enough to cause 
shrinking -swelling behaviour. 

Soils with similar proportions of sand, silt 
and clay are prone to setting hard, even 
when not particularly sodic, because the 
particles pack closely together. This is 
especially the case in soils with high con
tents of fine sand or silt (Figure 11). 

Many Australian soils have hard-setting top
soils due to high contents of fine sand, and 
poorly -structured subsoils from sodicity. 

The type of clay also has an important 
influence on the behaviour of sodic soils. 
Soils with a high content of kaolinite clay 
have low CEC and tend to be fairly stable 
even if sodic. Kaolinite partic les are rela
tively large and do not shrink and swe ll 
when wetted and dried. Kaolinitic soi ls are 
often acidic, further decreasing the ten
dency of clay to disperse. At pH values 

FJGURE 9: At th e scale of several clay particles, flocculation I 
causes nonsodic clays to form small packets , or 
microaggregates. Pores form betw een these packets of clay 
part icles. When th e soil dries, the se pores lead to cracks 
formin g and a friable structur e. In soils containing dispersed 
clay, the structu re is very unstable in water, and no large 
pores exist. Wh en th e soil dries, all the dispersed clay 
partic les come tog eth er, and th e soil sets hard. 
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I FIGURE 10: Clay disp ersio n depends on the interaction 
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FIGURE 11: Factors other than sodicity influence soil structure, 
the most important being soil texture and clay type . 
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FIGURE 12: The interaction between sodicity and organic 
matter content is shown by the comparison of water stable 
aggregation in a soil with different organic matter content 
due to management (from Barzegar et al., 1997). 
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FIGURE 13 : Sadie soils with high pH tend to have worse 
physical problems than sodic soils with low pH. 
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high clay dispersion 

below 5.5, the amount of exchangeable 
Al 3• becomes high enough to prevent dis
persion. Soils with a high content of mont
morillonite clays have high CEC and also 
tend to be reasonably stable when sodic . 
Montmorillonite clay particles tend to be 
very small and shrink and swell when wet
ted and dried. 

Soils containing mixed clays and illite 
clays tend to disperse the most readily 
when sodic . 

Organic matter 

Sodic soils tend to have low contents of 
organic matter due to poor plant produc
tivity, light surface textures and losses 
through erosion. However, where organic 
matter levels have been built up by 
organic matter additions, or growth of 
vigorous pastures, the plant available 
water holding capacity and structural sta
bility of sodic soils is improved (Figure 
12). Organic matter from plants and 
microorganisms acts as glue, binding soil 
aggregates together. However, organic 
matter is easily lost by decomposition , 
especially following cultivation, so it must 
be replenished continually. 

pH 

Some of the negative charge or CEC in 
soil is influenced by pH. The higher the 
pH, the higher the negative charge. In 
sodic soils this increased charge increases 
the tendency of clay particles to disperse. 
pH also influences dispersion through its 
effect on the solubility of various materi
als. At high pH, bicarbonate (HC0 3·) ions 
react with Ca2· , causing it to precipitate 
out as CaC0 3, in which form it is no longer 
exchangeable. On the other hand, at low 
pH, Al3' comes into solution and forms a 
significant proportion of the exchange 
able cations, resulting in flocculation. 

Other exchangeable cations 

The influence of the cations A l3·, Ca2
• and 

Na· on clay dispersion has been discussed 
above. However, Mg 2- is present in signif
icant amounts in many soils, particularly 
sodic soils and especially in the subsoil. 
Mg2' is intermediate between Ca2

• and Na· 
in its ability to cause clay dispersion . 
Sodic soi ls with Mg 2

• as the dominant 
cation tend to disperse more readily than 
those that have Ca2• as the dominant 
cation. An exchangeable magnesium per
centage greater than 20 is generally con
sidered to cause physical problems. • 
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Diagnosis of sodicity and 
related problems 

LABORATORY ANALYSIS AND 
INTERPRETATION OF TESTS 

Decisions on how to manage sodic soils 
depend on accurate diagnosis of the 

problems. For example, gypsum response 
depends on how sodic and saline the soil 
is. Poor cane growth, poor water penetra
tion, profile characteris tics and a knowl 
edge of the area may lead us to suspect 
sod icity . However, other factors such as 
salinity, compaction, nutrition and disease 
may also be involved. For planning sam
pling and for interpretation of soil tests, 
Soil Analysis - an Interpretation Manual 
(Peverill et al., 1999) is a usefu l reference. 
Other useful materials are produced by 
fertiliser companies and for the sugar 
industry (Calcine, 1995). 

Representative sampling is essential for 
meaningful analyses. Poor areas should 
be delineated. Then 10 or so samples 
should be taken from within the area and 
combined for analysis. Where sodicity is 
suspected, samples should be taken from 
the 0-250 and 250-500 mm depth layers. 
Sampling down to 750 mm is worthwhile. 
Samp les shou ld also be taken from adja
cent good areas to allow comparison. 

Sodicity and related problems are best 
diagnosed by the measurement of 
exchangeable sod ium percentage (ESP), 
cation exchange capacity (CEC), electr ical 
cond uctivity (EC), pH and texture in the 

FIGURE 14: Laboratory tests are used to diagnose sodicity 
and related problems. 

laboratory. Where sod1c1ty is suspected , 
several soil tests are usually warranted. 

Several laboratories do these analyses , 
including Incitec, Pivot and Mossman Mill. 

Catio n exchange capacity , exchangeable 
cations and ESP 

Cation exchange capacity (CEC) and 
exchangeable cations are measured by 
washing the cations out of the soil using a 
salt solution and measuring their concen
tration in t he extract. An ammonium 
(NH 4+) salt so lution is usually used, 
because ammonium is not present in 
large amounts in soil. 

In most neutra l to alkaline soils, Ca2
• and 

Mg2' are the major cations, with smaller 
amounts of K· and Na". In acid soils (pH< 6), 
Al3- and H' can also be present in signifi
cant amounts. Therefore, acid soils are 
usually also extracted with KCI, and the 
Al3· plus H' , or 'exchangeable acidity', in 
the extract is measured. 

The amounts of cations removed in the 
extracts are added together to determine 
the CEC. When determined in this way, the 
CEC is sometimes called the effective CEC 
or ECEC. 

There are other ways of measuring 
exchangeab le cations and CEC, but com
mercial laboratories use the approach 
described above. 

ESP is calculated by dividing the amount 
of exchangeable sodium by the CEC and 
multiplying by 100. 

The most commonly -used commercial 
method uses a fairly concentrated solu 
tion of ammonium acetate (pH 7) as the 
washing solution and treats all soils the 
same. As saline soils contain significant 
amounts of soluble sodium salts , the 
amount of exchangeable sodium is over 
estimated by this method. If the soil has 
been analysed for chloride, the quoted 
CEC and ESP can be corrected by assum
ing that all the chloride is associated with 
soluble sodium (see equation below) . 

Corrected ESP = 100 x b - (a / 355) 
C - (a / 355) 

where: 
a = chloride content in mg/kg (or ppm) 
b = exchangeab le sodium content in 

cmol(+}/kg (or meq %) 

c = CEC in cmol(+}/kg (or meq %) 
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For exampl e, a soil has a chlo ride content of 
275 mg/kg, an exchangeable sodium con tent 
of 2.9 cmol (+)/kg, and a CEC of 9.8 cm ol(+)/kg. 

The uncorre cted ESP is 2.9 x 100 / 9.8 = 29.6. 

The corrected ESP = 100 x 2.9 - (215 / 355) 
9.8 - (215 / 355) 

So in this case the co rrected ESP = 25.0 

Because exchangeable cations are in equi 
librium with dissolved cations, soil sodici
ty may also be assessed by measuri ng t he 
concentration of cations in the soil so lu
tion . When measured in this way, sodicity 
is expre ssed as the sod ium adso rptio n 
ratio (SAR) of th e extr act (see Irr igatio n 
Water Quality section for calculation) . 

The SAR of a saturation extract approxi
mately equals the ESP of the soil. When 
measured in more dilute extracts (say 1-to-
5), the SAR valu e is lower than the soil ESP. 

Salinity 

Salinity is measured in the labor atory by 
meas uring t he electrica l cond uct ivity (EC) 
of satu ration ext racts or 1-to -5 extracts (5 
ml water for every 1 g soil). 

Conve rsion betw een the se two measure
ments depends on so il properti es, and is 
discuss ed in the Salinity Management 
Handb oo k (1997). Some approxi mat e con
versio n factors are shown in Table 1. 

pH 

Soi l pH is assessed by measuri ng th e pH 
of a soi l extract. The extract is usually a 
1-to -5 extract using wate r or dilu te CaCl2 

solut ion. A CaCl2 so lution is use d to 
approx im ate t he natural salt concentra 
tion in the soil, as salt concentration 
influen ces pH. Th e pH mea sure d in CaCl2 
is usually 0.5- 1 un its low er than that 
measured in a water extract. 

Texture 

Texture, or particle size distribution , can 
be measured in the laboratory by sus
pend ing th e soil in wate r, allowing it to 
settle, and measuring the amount of parti 
cles (by density or by drying and weigh
ing) in th e suspensi on as it sett les. 

Clay sett les very slow ly. Sand sett les very 
quickly and is normally measured by siev
ing the suspen sion. Due to time and 
expen se of the laborato ry metho d, texture 
is normally determined by the field or 
hand method. 

Clay minerals 

Measurement of the type of clay minerals 
present is not a ro utine labo rato ry test 

TABLE 1: Approximate conversion factors between electrical 
conductivity of a 1:5 soil:water extract (EC,:5 ) and a 
saturation extract (EC8 ). 

Texture Clay content To convert EC1:5 to 
(%) EC

8 
multiply by 

Sand, loamy sand, 
clayey sahd <10 

Sandy loam, 
fine sandy loam, 
light sandy clay loam 10-20 

Loam, fine sandy loam, 
silt lo9m, sandy clay loam 20-30 

Clay loam, silty clay loam, 
fine sandy clay loam, 
sandy clay, silty clay 30-45 

Medium clay 45-55 

Heavy clay >55 -
because of its exp ense. How ever , an indi 
cation of the predominant ty pe of clay 
mine rals in a so il may be obt ained from 
the ratio of CEC to clay content. CEC (in 
cmo l(+}/kg so il ) is divi ded by clay cont ent 
(in % ) to obtain the soil CEC/clay ratio 
(CCR, mo l(+)/kg clay). Th e relati onship 
between CCR and clay minera log y is as 
follow s (Shaw et al., 1998}. 

< 0.20 

0.20- 0.35 

0.35-0 .55 

0.55-0.75 

> 0.75 

kaolin ite 

illit e and kaolinite 

mixed clay mineralogies 

m ixed, wit h a high prop omo r 
of montm ori lloni te 

dominantly mont morilloni te 

Organic matte r 

Organic matter content is best measured 
and expr essed in terms of or ganic carbon 
cont ent. Multip lying orga nic carb on con
tent by a facto r between 1.72 and 2 gives 
the app roxi mat e organ ic matte r conte nt. 

Most comme rcial laborat ories use chemi
cal oxidation procedures to measure 
orga nic carb on content. These pro cedu res 
mea sure mo st of th e or ga nic carbon . 
Com bustion procedure s measur e all of the 
carbon . There are meth ods that attempt to 
measure the mor e active fra ction of soi l 
orga nic matter, but they are used for 
research rather than routine analysis. 

Water retention and hydraulic properties 

Analy ses of soil physic al prope rt ies, such 
as t he w ater retent ion curv e and hydra ulic 
conductivi ty, may be carri ed out in the lab 
orato ry. However, they are speci alised and 
expe nsive measureme nts that are not nor 
m ally carri ed out on a routin e basis. 
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Interpretation 

Soil test values for ESP should be inter 
preted in conjunction with the values for 
texture, CEC, pH and salinity - as dis
cussed above. 

DIAGNOSIS IN THE FIELD 
While accurate and essential, laboratory 
analyses have two disadvantages. Firstly , 
because of their cost, the number of sam
ples analysed from different areas and 
depths is seldom adequate. Secondly, 
turn -around time means that immediate 
results are not possible. Therefore, quick 
field tests are a useful management tool. 
A Field Kit has been produced for infield 
diagnosis of sod icity and related prob
lems in the Australian sugar industry 
(Nelson, 2000). 

The fo llowing are some symptoms that 
may indicate sodicity and salinity, but 
soils may be sodic or saline without 
exhibiting many of these characteristics. 

Indicators of Sodicity 

Original vegetation and weeds 

• There are no species that specifically 
indicate sodic soils. In coastal areas, the 
following species tend to occur on sodic 
soils: gum -topped box (Euca lyptus 
moluccana), red ironbark (£. fibrosa), 
narrow -leafed ironbark (E. crebra), iron
bark (E. siderophloia), poplar gum (E. 

platyphy/Ja), messmate (£. exserta), 
ghost gum (Corymbia papuana), lemon
scented gum (C. citriodora), smooth
barked apple (Angophora leiocarpa), 
prickly -leaved paperbark (Melaleuca 
nodosa), false sandalwood (Eremophila 
mitchelli1), broad-leaved banksia 
(Banksia robur), swamp oak (Casuarina 
glauca). In other areas, species associat
ed with sodic soils include beefwood 
(Grevillea striata) in the Burdekin and 
grader grass (Themeda quadrivalvis) in 
the Mareeba-Dimbulah Irrigation Area. 

Crop properties and irrigation problems 

• Variations in the height of cane across a 
block, or yield variations noted at harvest . 

• Symptoms of water stress not long after 
irrigat ion. 

• Poor penetration of irrigation water. 

Location and soi l properties 

• Soil map unit described as sodic (espe
cially in BRIA and MDIA, where soils are 
mapped at a scale of 1 :25,000). 

• Soi l profile with hard -setting fine sandy 
loam topsoil, bleached at its base, with 
an abrupt change to a dense clay sub
soil , which may have a domed surface. 

, Coarse (> 20 mm ) structure, prismatic or 
columnar structure in the subsoil. 

• Surfac e crusting . 

• Dense, hard subsoil (could be any 
colour ). 

• Soapy feel when wetting and working up 
for texture. 

•pH> 8.5. 

• Cloudy water in puddles. 

• Sha llow rooting depth. 

• Subsoil exposed or brought closer to the 
surface during levelling. 

• Lime nodules in subsoi l. 

Indicators of Salinity 

• Original vegetation and weeds , especial 
ly couch grass (Cynodon sp) and broad 
leaf weeds such as button weed (Epaltes 
austra/is ) and Vel/eia spathulata. 

• Crop properties - symptoms of water 
stress when soil is wet , tip and leaf mar 
gin burn. 

• Soil propertie s - fluffy surface , occa
sional ly whitish salt crusts on top of 
mounds of aggregates. 

Field soil tests 

The Field Guide (Nelson, 2000) describes 
methods for measuring the texture, pH 
(fie ld method or soi l extract), salin ity (by 
EM38 or soil extract EC), dispersibility 
(Emerson dispersion test) and ESP of soil 
in the field. 

ESP is estimated from salinity, pH, disper
sion index , or a combination of EC, pH 
and sodium concentration, measured in a 
soil extract. The salinity , sodicity and dis
persion hazard of irrigation water may 
also be measured . 

The EM38 meter is an electromagnetic 
induction meter , which can be used to 
measure soil salinity in the root-zone. In 
the vertical mode it measures salinity of 
the soil down to approximately 1.5 m, and 
in the horizonta l mode it measures salini 
ty down to approximately 0.75 m. It may 
not pick up high concentrations of salt at 
very sha llow depths. Use of the EM38 in 
the horizontal mode when held at approx 
imate ly 50 cm above ground (knee height) 
improves resolution of shallow depth 
salinity. A 
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Where do sodic and 
saline soils occur? 

CLASS IFICATION 
AN D MA PPING 

In order co map and manage soils , they 
need to be described and classified in 

some way. The definition and class ifica
tion of Australian sodic soils has evolved 
over time (Isbell, 1995), so a ple thora of 
names exists. Historical ly, t he ma in class i
ficat io n schemes w ere the Great Soil 
Gro up scheme an d th e Factu al Key 
scheme. The cu rrent and most com pre
he nsive scheme is the A ustr alia n Soil 
Classif icat ion . Names fo r sod ic so ils in 

FIGURE 15: Typical soil sodicity symptoms - very poor 
cane growth , waterlogging and grass weed infestation . 

these classification schemes are shown 1n 
Table 2. Many local names are also used . 

The Great Soil Group classification 
scheme , which evolved during the 1930s to 
the 1960s (Stephens, 1953, 1962; Stace et 
al., 1968), was the first important scheme , 
and is still referred to. Of the Great Soil 
Groups used in the suga r industry, the 
Solonetz, So lodised So lonetz, Solodic and 
Solot hs were described as being sodic, and 
t he Red Brow n Eart hs and Grey, Brow n and 
Red Clays were described as somet imes 
being sodic (see Glossary for defi n itions). 
While the Great Soil Group scheme was 
widely used, groups were not clear ly 
defined, making it difficult to assign many 
soils to one of the groups. 

The Factual Key (Northcote , 1971) was 
designed for classification of soils in the 
field . The main groupings , called Principal 
Profile Forms , were Uniform , Gradational 
and Duplex , based on the texture profile 
(see Glossary for definitions ). These 
groups were further divided on character 
istics such as pH, co lour and structure. For 
examp le, a soil with distinct textur e con 
trast between a hard-setting A hor izon 
and yellow clay B horizon, w ith a b leached 
A2 hor izon and an alka line react ion tr end 
(p rofile becoming al kali ne with depth). 
wo uld be classif ied as a Oy2.43. Sod icit y 
was not used in the def inition s, but was 
more -or -less implied throug h th e descr ip
tion of texture and structure. 

The Australian Soil Classification (Isbe ll, 
1995, 1996; Isbel I et al., 1997) supersedes 
the previous two schemes. It classifies 

TABLE 2: Some general names used for sodic soils occurring in sugarcane-growing districts 
in various Australian soil classification schemes. See G/ossaryfor definitions of names. 

Classification Scheme 

Great Soil Groups 
(Stephens , 1952, 1953'; 
Stace et al., 1968) 

Factual Key 
(Northcote, 19711 

Sodicsoils 

Solonetz 
Solodised Solone tz 
Solodic 
Solo th (or Soled) 

Australian Soil Classification Sodoso l (Textu re cont rast soil, 
(Isbel l, 1996) w ith to p of subso il hav ing 

ESP > 6 and pH > 5.5) 

Mayb e sodic 

Red-Brown Earth , 
Grey, Brown and Red Clays 

All Principa l Profil e Forms of 
m ineral soils , (ie Uni for m, 
Gradationa l and Duplex , 
especial_:Y Duplex) ==-

Chromoso l, Dermosol, 
Hydrosol , Kandosol, Kuros ol, 
Vertoso l (termed Sodic if ESP > 6) 
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soils into 13 orders and then further 
divides them according to important and 
defined characteristics. Sodicity is used at 
all levels of the classification. One of the 
orders, the Sodosols, is defined as sodic, 
ha ,·ing a text ure contrast, and an upper B 
hori zon with ESP > 6 and pH > 5.5. Of the 
other orders, seven (Kurosols, Hydrosols, 
Chromosols, Dermosols, Kandosols, 
Calcaroso ls and Vertosols, see Glossary 
for definitions) are classed as sodic if the 
A or B horizon has an ESP > 6. All of these 
orders, with the exception of Calcarosols, 
occur in the sugar industry. 

Whi le soi ls have been classified using the 
schemes described above, loca l names for 
so il types or soi l series are used in each 
district . These local names are described 
in the relevant soil maps and reports. The 
descriptions usually give an indication of 
sodicity, especially now that the 
Australian Soil Classification has become 
standard. 

The CRC for Sustainable Sugar Production 
current ly has a project underway to pro 
vid e soi ls info rmatio n for the sugar indus
try via the wor ld wide web. Meanwhile, 
maps produced by the Queensland 
Department of Natural Resources (scales 
of 1:25,000 to 1:100,000) and reports are 
available for most cane-growing areas. 
Relevant maps are mentioned in the fol
lowing sections. 

A list of soil surveys for sugarcane dis
tricts of Queensla nd is included in the 
Background Information section of this 
manua l. 

The maps on pages 54-6 1 show the gen
eral distribution of sodic soils in sugar
cane districts of Queensland. 

ORIGIN AND OCCURRENCE 
THROUGHOUT THE INDUSTRY 
The occurrence and behaviour of sod ic 
so ils in Queensland has been d iscussed by 
Shaw et al. (1995). Sadie and sal ine soi ls 
occur in all sugarcane-growing districts. 
However , occurrences on the wet tropical 
coast between Mossman and Tully are 
confined to small saline areas at the base 
of the Cassowary Range at Mossman and 
marine sediments near the coast. 

Large areas of sodic soi ls occur in areas 
with ann ual average rainfalls of 1500 mm 
or less. They tend to be mor e commo n in 
areas developed mo re recently for suga r
cane, because the more productive soils 
were brought into cultivation ear lier. 

Sodic soils formed where the concentra
tion of sodium was high in the parent 
materials. The sodium may have been 
present as salt, or may have been released 
during the weathering of minerals. With 
time and leaching, part icu larly in wetter 
climate s, the salt is leached out leaving 
t he so il sod ic but not saline. Eventually 
the exchangeab le sod ium is also leached 
out, leaving the soi ls nonsodic and acidic. 
Sodic clay also tends to move downwards 
in the profile, depleting the topsoil of clay 
and concentrating in the subsoil or further 
downslope in the landscape. 

Sodicity can be quite variable within 
blocks, and particula rly bad areas may 
occur as sma ll patches . New areas being 
developed in the Mackay, Proserpine, 
Burdek in and Atherton Tablel and districts 
contain large areas of naturally sodic 
soils. 

Often land levelling can exacerbate the 
problem , if highly sodic soil is brought 
closer to the surface. In some places, soi ls 
are becoming sod ic under the influence of 
saline irri gat ion water and rising ground
water. The problem may on ly become 
apparent if a switch is made from saline to 
good quality irrigation water. 

Sodic soils in the sugar industry are gen
erally similar to those found elsewhere in 
Australia . They tend to have duplex pro
files with alkaline, sodic subsoils , often 
with high exchangeabl e magnesium per
centage and moderately high sal inity. 
Howev er, sodic soi ls tha t are acidic 
throughout the profi le are common out
side the Burdekin district. 

FIGURE 16: Sodicity can be quite variable within blocks, and 
parti cularly bad areas may occur as small patches. 
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Atherton Tableland 

Soils of the Mareeba- Dimbula h Irrigation 
Area (MDIA) are mapped at a scale of 
1:50,000 and in some areas 1:25,000. 

The Upper Tableland area is dominated by 
soils of volcanic origin, none of which is 
sodic. However , soils in the MDIA are far 
more variable, having developed from a 
wider range of parent materials of vol
canic, igneous and meta morphic origin 
(Enderlin et al., 2000). 

Of the range of so ils occurring in the 
MDIA, those formed on mater ials of meta
morp hic orig in are the most like ly to be 
sodic. The reason for th eir sod icity lies 
wi th the mar ine origin of the metam or
phosed ma ter ial th at now forms th e 
McLeod Hil ls and Walsh Bluff Ranges. 
Erosion of these mou ntain ranges led to 
al luvium and colluviu m high in sodium 
and magnesium salts bei ng deposited 
downslope. Since sodic soi ls in the MDIA 
landscape formed from deposited sedi
ments, they occur mainly in the lower 
parts of the landscape on the tail end of 
erosion fans, drainage depressions on 
level alluvial plains and back-plains and 
floodplains of major and minor streams. 

In many locations it is possibl e to identify 
a sodic soi l deposited on top of another 
nonsodic soi l der ived from entire ly d iffer
ent parent materia l. Representative map 
uni t examp les are Penman , Penman 
Sandy, Arr iga, Arr iga Sandy, Leadi ngham 
and Poplar (Ender lin et al., 2000). Sodi c 
soi ls also develop in situ on th e low er to 
midd le slopes of the metamorphic ranges. 
These soi ls are generally shallow and over
lie weathe red muds tone . Represen tative 

FIGURE 17: Locations of soil types in the Herbert district . 
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map un it examples are Don len, Mull igan 
and Masterton (Enderlin et al., 2000). 

Five map units, Arriga, Arriga Sandy, 
Donlen, Leadingham and Penman, have 
been classified as sodic (Enderlin et al., 
2000). In the MDIA, the soils represented 
by these map units make up 15% of the 
arable land (Class 1-4), and up to 40% of 
the 7500 ha under sugarcane. 

Many , but not all, of these sodic soils are 
moderate ly to strongly alka line at depth . 
For example, the Arriga and Mulligan 
soils may be modera tely acid ic at depth 
but still reasonably sodic. On t he oth er 
hand, the Poplar so il is moderately alka
line at depth, but only slightly sod ic. 
How ever, w here there is a str ong alkaline 
reactio n t rend, this is an un mistakable 
sign of high sodicity. 

Sod icity can vary enormous ly w ithin short 
distances. It is fair ly common for sodic soils 
of the MDIA to have high conten ts of 
exchangeable magnesium, in some 
instances up to 90% of the cation exchange 
capacity. 

In the MDIA , natural vegetation is not a 
reliable indicator of sodic soils. Trees such 
as poplar gum (Eucalyptus p/atyphylla), 
box (Eucalyptus sp), bloodwood 
( Eucalyptus sp), beefwood ( Grevil/ea stria
ta) and tea tree ( Melaleuca sp) occur 
across all landscapes. One usefu l vegeta
tive ind icator of sodicity observe d in the 
M DIA is grader grass ( Theme da quadri
valvis). Th is g rass appears to prolifera te to 
th e detr iment of all oth er grass species 
where moderate to hig h sodicity level s 
occur. However, it is also common ly asso
ciated w ith disturbed areas that are not 
necessarily sodic. 

Herbert 

All of the Herbert district is covered by 
DNR soil maps at a scale of 1:100,000. 
Parts of the district are covered by the 
1:5000 CSR soil map, which has an 
emphasis on the topsoil. 

In the Herbert , soils with sodic subsoils 
are mainly confined to the drie r parts of 
the district, at its western and southern 
extremes. However, strongly sodic soi ls 
do occur in the higher rainfal l Seymou r 
and Abergowrie areas. The main land· 
scapes in w hich the y occur are the creek 
all uv ial plains and olde r river all uvia l 
pla ins (Wil son and Baker, 1990). 

On the creek all uv ia l plains, sodic soils 
have finer textures and ma inly occu r well 
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away from the sandy prior stream s 
(Figure 17). Both Yuru ga and Byabra soil s 
te nd to have alkaline sodi c subsoi ls, par 
ti cularly tow ards the south -w est and 
south . Drai nage is gen era lly poor and the 
vegetati on is dominated by broad leaf tea 
tree (Melaleuca viridiflora ) or poplar gum 
(Eucalyptus platyphylla) communities oft en 
w it h scattered ghost gu ms (Corym bia 
papuana ). 

Yuruga is a major soil occurring thro ugh
out the creek alluvial plains but main ly in 
the area from Stone River to Yuruga. It has 
a dark fine sandy surface and a conspicu
ously bl eached A2 ho rizon with an abr upt 
change to a mott led yellow -brown or grey 
medium to heavy clay subso il. The clay 
become s pale r and more alkal ine at depth. 
Lime nodules may occur at depth. The 
Yuruga soil grades into Byabra soil and is 
associ ated w ith Lanne rcost, which is the 
acid equivalent. Byabra is a minor so il, 
similar to Yuruga. Salt ing has occurre d in 
a sma ll area near Yur uga. 

Increa sing areas of thes e soils have been 
converted from cattle grazing to sugar
cane production in th e last five to 10 
years. Pressure to develop more of these 
areas is now evi dent as avai lab le land 
becomes scarce. 

On the river alluvial plains , the main soils 
that can have sodic properties are 
Toobanna, Hamleigh, Mo longa and Brae 
(Figu re 17). Tooba nna is one of the majo r 
cane-pro ducing so ils. It occur s throug h-

! FIGURE 18: Using a soil-coring rig to I 
take soil samples throughout a profile . 

TABLE 3: Criteri a used in the BRIA to assess the sodicity 
limitation for sugarcane based on field pH and predicted 
ESP for Sodosols and Vertosols (Day et al., 19.95). 

Field pH at 0.3 m depth Predicted ESP 

Vertosols Sodosols 

< 8.0 < 6.5 <6 

8.0- 9.5 6.5-8.0 6-14 

8.0- 8.5 15-25 

> 8.5 > 25 

out the o lder river alluvial pla ins. Its sur 
face is dark fine sandy to clay loam with a 
conspicuously bleached A2 hor izon with 
a mainly abru pt to clear cha nge to a mot 
t led yellow -brown or brown med ium to 
heavy clay. 

The do minance of fine sand in th e rela
tively thick A horizon and the accumula 
tion of mang aniferous nodules in the 
lower A and upper B horizon s are charac 
teristic of th is soil. Variab ility in pH occu rs 
tow ards the south -west, especially in the 
Stone River area. A dom inance of coarse 
sand in t he profi le may occur, usually 
towards the end of prior stream s. The veg 
etation is mainly narrow leaf tea -tree 
(Melaleuc a dea /bata) woo dland to open 
fo rest o r grassland . 

Hamleig h and Molo nga are maj or so ils 
occurring toget her low in th e landscape 
on the older river alluvial plain s. Hamleigh 
is a dark grey clay with a dark, hard -set
ting, mass ive o r weak ly-str uct ured A 1 
horizon. A sporad ically bleached A2 hori
zon usually occu rs and overlies a mott led, 
grey, strong blocky, med ium to heavy 
clay. The pH of the subsoil can vary great 
ly from 5 to 9, but is usually medium acid 
to neutral. The soil has weak to moderate 
cracki ng and occasionall y has gilga i 
development. Mo longa is sim ilar except 
that the A horizon has medi um to st rong 
fine blocky stru cture. Vegetatio n is mainly 
grasslands, including bl ady grass 
(fmperata cylindrical or ope n fore st of nar 
row leaf tea-tree . 

Brae is a m inor so il occurrin g in swam ps 
in the cent re of clay dep ressions , mai nly 
towards t he coast. It is a humic gl ey with 
dark humic loam surface and a clear to 
abrupt change to a mottle d dark medium 
to heavy clay subso il tha t becomes paler 
and mo re mottled at dept h. Brae occurs in 
assoc iation with Ham leigh or Molonga 
soi l types. The vegetation is ma inl y paper 
bark tea-tr ee (Mela/euca qui nq uenervia) 
open forest to woodland. 

Yield reduction 

(%) 

Negligible 

10-25 

25-50 

> 50 
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Burdekin 

Soils of the Burdekin River Irrigation Area 
(BRIA) have been studied intensively, and 
are mapped at a scale of 1 :25,000. Soils of 
the Delta are currently being mapped. 

Soils of the Burdekin Delta are generally 
fertile and permeable and include alluvial 
sands , loams and clays. Most of the soils 
are not sodic. However, sodic and saline 
soils do occur, particularly in low-lying 
areas with marine influences, and under 
irrigation with salin e sodic waters. 

The BRIA is predominant ly alluvial plains 
of the Burdekin and Haughton Rivers and 
local creeks. Sodic ity is the most restric 
t ive limitation to g rowth in the area (Day 
et al., 1995). A st rong re latio nshi p 
between pH and ESP in the area (Baker et 
al., 1993) has been the basis for predicting 
ESP and the sodicity limitation for various 
crops, inc luding sugarcane (Table 3). Soils 
of the BRIA have been classified into four 
broad management categories: cracking 
clays (43% of the area), sodic duplex soils 
(35%), nonsodic duplex soils (12%) and 
gradational and uniform noncracking soils 
(10%) (Donnollan, 1991). Of the surveyed 
area. 72% is comprised of soils with a 
sodic B horizon (ESP > 6). Sodic soils fall 
into three orders, Vertosols, Chromosols 
and Sodosols (Day et al., 1995). 

Vertosols occupy about 34% of the sur
veyed area in the BRIA. Most have very 
low slopes and gilgai. Almost all of these 
Vertoso ls are sodic by a depth of 0.6 m 
and strongl y sodic (ESP > 15) by 0.9 m. 
Salinity is low at the surface and moder
ate by 0.9 m depth. These prope rt ies 
restrict the plant availab le water holding 
capacity to< 100-130 mm and plant root-

FIGURE 19: As the cane industry expa nds, more marginal I 
lands, which are often high in sodicity and/or salinity , are 
being used for cane production . 

ing depth to 0.6- 0.9 m. Some bleached 
Chromosols have sodic subso ils, but ESP 
generally does not exceed 6 until a depth 
of 1 m. 

Sodosols occupy approximately 36% of 
the surveyed area in the BRIA. They are 
usually located on slightly elevated, slop
ing land , just upslope of the Vertosols. 

Sodosols of the BRIA have been subdivid
ed into three groups, based on ESP levels 
at a depth of 0.3 m. The groups are sub
natric (ESP 6- 14). mesonatr ic (ESP 15- 25) 
and hypernatric (ESP > 25) at 0.3 m . This 
depth was chosen because most Sodosols 
of the BRIA have A horizons less than 0.25 
m thick, with a stro ng texture contrast 
between the A and B horizons. ESP, pH 
and electrical conductiv ity (EC) rise rapid
ly with depth in these soils, with most 

Sodoso ls having an ESP > 25 by 0.6 m 
depth. These characteristics of the 
Sodosols limit plant -available water capaci
ty to 70-95 mm and plant rooting depth to 
0.4-0.6 m. 

The presence of beefwood ( Grevillea stri
ata) and false sandalwood (Eremophila 
mitchel/i1), are commonly associated with 
strongly sodic soils in the Burdekin. 

Proserpine and Mackay 

In the Mackay district, Land suitability 
map kits contain soil maps at a scale of 
1:50,000. The 1:100,000 soil map of the 
Plane Creek-Sarina distr ict is currently 
being impr oved. In the Proserpine area, 
mapping, which is being carried out at a 
scale of 1 :50,000, is still underway . 

Of the 152,000 ha al ready mapped in the 
Proserpine area, 77,900 ha were identified 
as sodic soi ls. Approximately 32% of the 
tota l cane growing area in the Proserpine 
area is on sodic soils. This figure is likely 
to be similar for the Mackay cane growing 
area. Sodic soils in the Mackay
Proserpine region fall into three broad 
groups: sodic duplex soils on hillslopes, 
sodic duplex soils on Quaternary alluvium 
or recent floodplains and sodic duplex 
soils on relict floodplains or Cainozoic 
al luvium. 

Sadie dup lex soi ls on hillslopes are 
formed on vo lcanic rocks such as rhyolite 
or acid granites high in sodium feldspar or 
sandstones and mudsto nes of marine ori 
gin. The sodic dup lex soils formed on acid 
vo lcanic rock tend to have grey to yellow 
subsoils and can be acid (Conder and 
Whiptail soil profile classes) or alkaline 
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{Thoopara soil profile class}. These soils 
tend to be shallow to moderately deep. 

The Conder soil is classified as a mottled 
mesonatric to hypernatic Sodosol and the 
Whiptail and Thoopara soi ls are mottled 
subnatric Sodosols. The soi ls formed on 
acid volcanic rock tend to be dominated 
by magnesium and sodium cations caus
ing the subsoil to be dispersive and so is 
susceptible to erosion . Where the slope is 
not excessive , some areas of Whiptail and 
Thoopara are used to grow sugarcane. 
The vegetation community found on 
these soils is a Eucalypt open woodland 
dominated by Eucalyptus crebra with a 
Melaluca viridiflora understorey. 

Soils formed on acid micro -granites and 
granites also produce acid sodic duplex 
soi ls. The Dunwold soil profile class is a 
duplex soil with a yellow subsoil with an 
acid pH. These soils are classified as mot
tled subnatric Sodosols , though the ESP 
may increase to 20-30 lower in the profile. 
Only sma ll areas of Dunwold are used for 
sugarcane production in the region. The 
vegetation of Dunwold is simi lar to that of 
soi ls formed on acid vo lcanic rock. 

The Carmi lla beds in the region also con
tain beds of marine deposited sandstones 
and mudstones. The soils formed on the 
sandstones can be acid or alkaline. The 
Pindi and Palmyra soil types are acid sodic 
duplex soils (mottled subnatric to mes
onatric Sodosols). 

The Jumper soi l profile class is a gravelly, 
alka line sodic dup lex soil with a ye llowish 
brown subsoil. Where the slope is in gen
eral less than 6%, these soils are used for 
sugarcane production. Small outcrops of 
marine mudstone occur in the Mackay
Proserpine region. The soils formed on 
this material tend to be acid. Further 
analysis of these soils is required to deter
mine whether they contain residual pyrite. 

The Proserpine area has soil fo rm ed on 
Tertiary marine sediments. The soi ls 
formed from these sediments are mottled 
subnatric Sodosols with a strong ly acid 
pH trend . The subsoil is a yellowish grey, 
which descends into the white decompos 
ing shale material. The lower profile has 
prominent red mottling. When the decom 
posing material is tested for pyrite using 
hydrogen peroxide the pH may drop 
below 3.0. Only very small areas are used 
for sugarcane production . 

Sadie duplex soils on Quaternary al luvi
um or recent floodplains occur where 
sodic sediments have been laid down 

FIGURE 20: Crusts of dispersed clay can form on sodic soils, 
especially where the surface has been pudd led. 

from the surroun ding hi lls. The main alka
line sodic duplex soi l types used to gro w 
sugarcane include Sunnyside, Eton, Narpi 
and Foxda le. These four soils are mainly 
mottled subnatric Sodosols with the ESP 
increasing gradually down the profile. 

The main acid to neutral sodic duplex soil 
used to grow cane is Sandiford, which is a 
mottled subnat ric Sodosol with a grey 
medium clay subsoi l. Some of the clay 
soi ls formed on Quaternary alluvium are 
mi ldly sod ic within the upper subso il 
(Benholme soil type). Benholme is hard
setting cracking clay formed on flood 
plains when the catchment is dominated 
by acid volcanic rocks. The subsoil of 
Benholme is dominated by magnesium 
and sodium cations. 

The soi ls formed on Cainozoic al luvium 
are older and more weathered than those 
on Quaternary alluvium . They typically 
have lower Ca:Mg ratios than the 
Quaternary alluvium (in some cases < 0.1 ). 
Some of the soils are underlain by silica 
pans that harden like sandstone 
{Koola chu, Slater and Ten Mile soil types). 
These pans may be centimetres thick to 
many metres thick . Typically these soils 
have ESP values between 10 and 35 with 
in the top 10 cm of the subsoil. Both acid 
and alkaline sodic duplex soils occur. 

The most common acid sodic duplex soils 
are Koolachu and Slater. The Koolachu 
soil has a loamy sand topsoil over a grey, 
sandy light to medium heavy clay. The 
most common Cainozoic alkaline sodic 
duplex soi ls are Tailing, Ten Mile and Billy 
Creek. Approximately 14% of the cane 
growing area in Proserp ine {in 1996) was 
on t hese soi ls. Considerable areas of 
Cainozoic alluvium, both north and south 
of Proserpine have been proposed as pos
sible areas for sugarcane expansion . 
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Bundaberg 

Soils of the Bundaberg , Childers and 
Maryborough areas are mapp ed at a 
scale of 1 :50,000. 

Sodic soils occupy large areas in the 
Bundab erg- Chi lders - Maryborough area 
(Wilson, 1997). In the Bundabe rg- Childer s 
area, stron gly sodic soi ls (ESP > 15 in 
major part of the B horizon) occupy 58% 
of the total area. However, due to their 
physical and chemical properties, sodic 
soils are used less extensively for crop 
ping than other soils. Sodic soils occur in 
al l landscape posit ions on al l types of par 
ent material. How ever, stro ngly sod ic soils 
predomin ately occur in lower slope posi 
tions on hill slopes and older parts of th e 
al luvia l plains . 

Most of the loca l landscap es have sub 
strates containing sodium feldspars , 
which weather down to clays containing 
sodium (eg marine and freshw ater sedi · 
mentary rocks, rhyol ites, ande sites, gran 
ites , granodi orites). The alluvium derived 
from th ese substrates also has simil ar 
properties . The movement of sod ium in 
soil water tends to contribute to higher 
sodicity in low er landsca pe positions. 

The deep weathering (laterised , kaolised , 
duricrusted} of the local landscapes also 
contributes to the accumulation of sodium 
in lower parts of the deeply -weathered 
profile and lower landscape positions. On 
fresher or moderate ly-weat hered geolo -

FIGURE 21: Locations of soil types in the Bundaberg district. 

Soils on deeply weathered fine grained sedimentary rocks 

T 
geology Deeply weathered Tertiary (T) and Cretaceous (C) rnudstones and siltstone;; 

Soils on recent (Quaternary ) alluvium 
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Other geology 

gies , sodic soils generally occur in all land
scape positions. 

Most sugarcane in the region is grown on 
landscapes formed from deeply -weath
ered fine-grained sedimentary rocks. In 
th e upper parts of th ese landscap es, soils 
are predominantly permea ble, nonsodic 
so il s such as structu red gradational 
Dermosols (Figure 21 ). Sadie so ils occupy 
lower positions in the landscape. 

On the agriculturally important alluvial 
plains {Figure 21), the chemical and phys
ical properties of soils relate to their 
source of soi l-forming minerals and age. 
The so ils around local creeks directly 
refl ect the surroundin g geology. The soils 
of the major rivers (Burn ett, Kala n, Mary ) 
reflect the geology in their catchments. 
For this reason, younger so ils on cha nnel 
benc hes and younger terraces are gener
ally fertile, lack horizon development and 
are nonsodic. The older alluvial plains 
show a high degree of profile dev elop 
ment due to weather ing of clay forming 
minera ls and/or deposition history. These 
older so ils are alway s sod ic (ESP 6- 15) to 
stro ngly sodic (ESP > 15). 

Most of the strongly sod ic so ils have a tex 
ture contr ast profil e and strong ly bleached 
A2 horizon . The subsoils tend to have high 
salinity, 40- 50% clay and an intermediate 
clay activity ratio (0.6-0.8 cmol( +)/kg clay ), 
corresponding to a mixture of montmoril
lonite -illite - kaol inite clays. 

Some of the sodic soils are alkaline , but 
there are also larg e areas of acid sodic 
soils on the deeply w eathe red landscapes. 
These so ils often have pH values < 5 and 
high exch angea ble acidity and alumini 
um, which may override the structural 
instabil ity due to sodium. Mineralogy is 
often kaolinitic with low cation exchange 
capacity (and hence low content s of 
exchan geable sodium} togeth er with 
ceme nting age nts (ox ides of iron, alumin i
um and sil icon ), so th e d ispersiv e effects 
of sodicity are poorly expressed. In most 
of the acid sodic soils, magnes ium is the 
dom inant cation and exchangeable calci
um content s are very low. 

Vegetation on sodic soils tends to include 
Rusty gum (Angophora costa/a), Spotte d 
gu m (Corymbia citriodora), Narrow leaf 
ironbark (Eucalyptu s crebra}, Grey iron 
bark (E. drep anophylla), Broad leaf iro n
bark {£. fibrosa) , Gum topped box (E. 
mo!uccana), Forest red gum (E. tereticor
nis) and tea-trees {Melaleuca nodo sa, M. 
viridiflora). A 
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Hovv should sodic and 
saline soils be managed? 

PRINCIPLES 

Management strategies for sodic soils 
fall into three ma in categories: 

1) Avoid cropping sodic soils. 

2) Reducing sodicity and preventing it 
from getting worse (Figure 22). 

3) Managing the soil despite it being sodic. 

In reality, most management options 
involve a combination of two or three of 
these principles. An essential part of man 
agement is to get all the other factors, 
principally irrigation, nutrition and 
pest-disease management right. 
However, it is important to note that fac
tors such as nutrition or varieties cannot 
compensate for sodicity-related restric
tions to growth. 

Soils can be made nonsodic by adding a 
soluble source of calcium such as gyp
sum, and leaching it through. The calcium 
replaces the sodium and the leaching 
water moves the sodium down below the 
root zone. Gypsum can be applied to the 
surface of the soil, dissolved in irrigation 
water, or placed at depth in ripper lines. 
Unfortunately, complete desodification is 
normally not economic and sodic soils 
need to be managed carefully, even if gyp
sum has been applied. Sodium that has 
leached below the rootzone may also 

move back up again as water is drawn up 
by evaporation and crop uptake or if the 
groundwater rises. 

Sadie soils have poor structural stability. 
Management should aim at limiting struc
tural damage and encouraging improve
ments in structural stability. Structural 
damage caused by disturbance or com
paction can be limited by minimising cul 
tivation and traffic. Structural stability can 
be improved by maximising inputs of 
organic matter. Inputs of organic matter 
are maximised when crop biomass is 
maximised (by optimising nutrition, 
weed - disease control, irrigation etc) and 
by retaining trash. 

FARM PLANNING , BLOCK 
DESIGN AND LEVELLING 

The most effective practice for managing 
sodic soils is to avoid bringing them into 
production. Soil maps are a valuable 
resource for farm planning as they indi
cate soil sodicity. Sodic soils are expen
sive to develop and provide lower returns 
than nonsodic soils. 

FIGURE 22: Management of sodic soils usually aims at 
replacing exchangeable sodium with calcium and leaching 
the sodium below the root zone . 

When levelling, it is important not to cut 
too close to, or to expose layers (scalping) 
as this will exacerbate the effects of sodic
ity on growth. Sadie layers should be bur
ried as deep as possible. Soil maps, or 
analysis du ring levelling, allows sodicity 
of various layers to be determined. A non
sodic layer of at least 300 mm depth is 
preferable. It is possible to apply gypsum 
to the subsoil following levelling and 
before the topsoil is replaced. 

Sodic soil 

Calcium 
Water 

t 

Na 

Non-sodic soil 

Where possible, non-sodic soil should be 
used for top -dressing paddocks and sodic 
soil should be placed in noncropped areas 
such as headlands and roads. Nonsodic 
soil may sometimes be present below 
sodic layers and can be excavated from 
recycling pits. Sadie soil makes good 
headlands and roads when compacted 
and gently cambered. It does not make 
good irrigation channels. 

An adequate source of good quality irri
gation is necessa ry for amelioration of 
sodic soils. In furrow-irrigated blocks , 
arranging the block so that sodic soils are 
near the top allows them to be irrigated 
more frequently . 
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TABLE 4: Cane yield (t /ha ) of 011 7 on a 
sodic soil at Gaynor (Burdekin ), levelled 
t o djfferent slope s. 

Crop class 0.07% slope 0.49 % slope 

Plant 106 93 
1st ratoon 64 50 
2nd ratoon 65 52 
3rd ratoon 34 21 

In areas w here ground wat er is close to 
t he surface, adequate provision must be 
made for drains to maintain the water 
table at more than 1 m below the soil sur
face. The drainage wa te r must be dis 
posed of in an environmentally accept 
able manner. 

Water intake is reduced in blocks tha t 
have too great a slope. Where water pen
etration is poor, the slope should not 
exceed 0.125% or 1:800. Table 4 shows 
that reducing slope from 0.49% to 0.07% 
increas ed cane yield by 24% over a crop 
cycle in a block with no trash blanke t 
(Ham et al., 1997). 

IRRIGATION 
Irrigation technique and water quality can 
be managed to improve water penetration 
and crop growt h on sodic so ils . Where the 
w ater penetration prob lem is not severe, it 
may be overcom e by changing the irriga
tion technique. However, more severe 
problem s will require either a change in 
the quality of the irrigation water or appli
catio n of a suitable soil ameliorant. 

Irrigat ion techniqu e 

Irrigation methods that app ly water fre 
quently in small amounts allow water to 

TABLE 5: Effect of irrigation meth od on cane and sugar yield 
on a shallow sodic soil in the Burdekin (Ham et al., 1997). 

Treatment Cane yield (t/ha) Sugar yield (t/ha ) 

Trickle 116 19.0 

Furrow (surge) 113 18.9 

Furrow (pea-cup)* 106 17.8 

Basin 104 17.4 

Furrow 103 17.5 

lsd (p = 0.05) 16 2.5 

* Allowed to trickle down the furrow for 2-3 days after the normal irrigation 

penetrate sodic soils and allow the crop to 
obtain sufficient water from the less sodic 
topsoil. 

For examp le, on a shallow sodic so il in the 
Burd ekin, cane tend ed to yield better 
under trickle than under furro w irrigation , 
although results were not significantly dif 
ferent (Table 5). 

Under furrow irrigation, wate r penetra 
tion can be greatly im proved by forming 
smal l hills and making a broad flat inter 
space. Care should be take n that irri ga
tion water do es not simply follow the 
tractor whe el mark. 

Using small irrigation outlets and larger 
watering sets will also imp rove soakage, 
as do low slopes, discu ssed above . If 
sodic soi ls are situated near the top of the 
block, it is possible to do short irrigations 
to the top following the main irrigation. 

Tailwater retention has sever al benefits 
for managing sodi c so ils. Overall water 
use eff iciency is greater, salt concentra 
tions tend to increase, leading to bett er 
penetration, and the movemen t of turb id 
water offsite is reduced. 

FIGURE 23: The sodic soil on the left is forming a crust, whi ch reduces infiltr at ion. The 
same soil on t he right, t reated with gypsum, is not crusting and is more permeab le 
(photo reproduced w ith perm ission from NSW Agriculture Ag fact AC 10, 1996) . 

-- -------- - - S OD I C So IL S M AN I.IA l --- - --- --- -- -

28. 



FIGURE 24: Dispersion hazard of irrigation water. • Salinity hazard (measured by electrical 
conductivity (EC]); 
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Irrigation water quality 

The importance of irrigation water quality 
cannot be overemphasised. The success 
or failure of many irrigation projects has 
depended on the quality and subsequent 
management of irrigation water. Water 
quality of bores and other sources can 
vary over time , so samples should be 
analysed periodically, say once a year. 
This section explains how waters of differ 
ent quality should be managed. More 
detailed information is available in the 
Salinity Management Handbook (1997) 
produced by the Queensland Department 
of Natural Resources. 

Irrigation waters contain many types of 
salts. Some are harmful to crop growth 
while others have beneficial effects. For 
example, sodium and bicarbonate salts in 
the water can affect soil structure adverse
ly while calcium salts can improve soil 
structure. Over time, soils w ill take on the 
chemical properties of the irrigation water 
used on them . Thus without proper leach 
ing, saline soils will result from the use of 
saline water. Water with a high sodicity 
hazard will produce sodic soils. 

To decide whether an irrigation water is 
suitable for long term use, a prediction 
must be made on what the state of the soil 
will be when it eventually comes into 
equilibrium with the irrigation water. 
Water quality and the amount of leaching 
are the two most important factors to con
sider in making this prediction. 

There are three main hazards that irriga 
tion water can pose to soil behaviour 
(Figure 24): 

• Sodicity hazard (measured by sodium 
adsorption ratio [SARI and residual alkali 
(RAJ); and , 

• Dispersion hazard (com bination of EC, 
SAR and RA). 

Irrigation waters are classed into one of 
seven classes based on the dominant haz
ard or combination of hazards. Each class 
has different management recommenda
tions. But first each hazard will be 
described below. 

Salinity hazard 

Salinity hazard is the risk of accumulating 
salts in the soil prof ile. The salinity, or salt 
concentration, of irrigation water is meas
ured using electrical conductivity (EC). 
The greater the concentration of salts, the 
higher the electrical conductivity. The 
salinity hazard of irrigation water, based 
on EC, is shown in Figure 24). 

The standard EC unit is decisiemens per 
metre (dS/m). However , conductivity 
meters commonly read in mi llisi emens 
per centimetre (mS/c m) or microsiemens 
per centimetre (µS/cm). The scales on the 
meters are often incorrectly labelled as 
mS or µS instead of mS/cm or µS/cm. 

Salin ity may also be expressed as mg/L, 
ppm, or previously as grains per gallon. 
Units for measuring salinity and electrical 
conductivity, and conversions between 
them are shown in the Units and 
Conversions section. 

All irrigation waters add salt to the soil. 
For example 800 mm of water with an EC 
of 1 dS/m will add about 5 tonnes of salt 
per hectare. Without adequate leaching, 
this salt will accumulate in the soil profile. 
Internal drainage, which is governed 
largely by texture or clay content, clay 
mineralogy and sodicity, is necessary for 
adequate leaching. Ideally , each applica
tion of water should leach away the salt 
left by the previous irrigation. To achieve 
this, water in excess of the crop's needs 
must be applied . This excess is known as 
the leaching requirement. The higher the 
EC of the water, the greater the leaching 
requirement. The amount of water applied 
for leaching will also affect the quality of 
the resultant drainage water. The less 
water available for leaching, the more 
saline the drainage water becomes. The 
approximate leaching requirements for 
different irrigation and drainage water 
qua liti es are shown in Table 6. In most sit
uations, rainfall can be relied on to pro
vide adequate leaching . 
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TABLE 6: Long -tetm irrigation leaching requirements. These values are intended as an 
indication only, as they also depend on soil properties, climate and crop growth . 

EC of irrigation water 
(dS/ m) 

Salt added 
(t / ha per metre 

of water applied ) 

Leaching requirement as % of irrigation water 
to produce drainage water with an EC of: 

0.1 0.6 

0.2 1.2 

0.4 2.5 

0.8 5.0 

1.6 10.0 

3.2 20 .0 

The deep drainage that is necessar y to 
prevent salt accumu lat ion in the soi l wi ll 
cause gro un dw ater levels to rise. If the 
grou ndw ater is not too sali ne, it may be 
used fo r irrigation and th is ma y slow o r 
preven t its rise . If groundwater rises to 
within 2 m of the so il surface, cane growth 
will be adversely affected. Subsurface 
drainage, and disposal of the dra inage 
water is then necessary. Subsurface 
drainage is discussed below. 

Sodicity hazard 

Sodicity hazard is the risk that the irrigation 
water will make the soil more sodic . It is 
measured by the sod ium adsorption ratio 
(SAR) of the wat er. The SAR is a measure 
of the amount of sodium salt as a propo r
t ion of all the salts in the water, and is cal
cu lated accord ing to the fol low ing for mula. 

TABLE 7: Summary of water quality types. 

5 dS/ m 10 dS/ m 15 dS/ m 

2 

4 

8 

16 

32 

64 

1 

2 

4 

8 

16 

32 

SAR = Na 

"((Ca + Mg)/2) 

0.7 

1 

3 

5 

11 

2 1 

Where Na, Ca and Mg are the concentra 
tions of sodium, calcium and magnes ium 
in mmol(+) /L (or meq/L). 

Routine ir rigat ion with water having a 
gi ven SAR will resu lt in the soil attaining 
an ESP approximately equal to the SAR of 
the water. For examp le, if ir rigation water 
has an SAR of 10, the soil will eventually 
attain an ESP of approximately 10 in sur
face horizons. Sodicity hazard is increased 
by the presence of residual alkali (or free 
alkali ). 

Residual alkali (RA) is a measure of th e 
am ount of bicarbonate and carbonat e 
ion s that are not associa ted wit h ca lc ium 
or magnesi um in the water. In the so il , the 

Type 

Type 1 

Quality "Corrective measures 

EC = 0 - 0.6 dS/m 
RA= O - 0.2 mmol/L 

Type 2 
EC = 0 - 0.6 dS/m 
RA = 0.2 - 2.4 mmol /L 

Type 3 
EC= 0.6- 1.5 dS/m 
RA = 0 - 0.6 mmol /L 

Type4 
EC = 0.6 - 1.5 dS/m 
RA= 0.6 - 2.4 mmol/L 

Type 5 
EC= 1.5 - 2.2 dS/m 
RA = 0 - 2.4 mmol/L 

Type 6 
EC = 2.2 - 3.2 dS/m 
RA = 0 - 2.4 mm ol/ L 

Type 7 

EC > 3.2 dS/m, or 
> 2.4 mmol /L 

Poo r on l ight soils May be mixed with gypsum or alternatively 
treat soil with gypsum or lime 

Poor on light soil s As above 

Good 

Good- fair 

Fair-poor 

Very poor 

Unsuitable 

Nil 

Light soils may need gypsum or lime 

Ensure irr igation is heavy enoug h to prevent 
salt accumu lation in the soil. Deep rip. 

· · Use on sandy soils only. 
W~t soil to a depth of at least one met re. 

DO NOT USE 

SOD I C SO I LS M ANUA L 
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I FIGURE 25: Irrigation waters are classified into seven types 
based on their electrical conductivity and residual alkali content. 

bicarbonate ions cause calciu m to precip
itate out, making it nonexch angeable and 
so increasing the ESP of the soil. Residual 
alka li concentration is calcula ted acco rd
ing to the equation below. 

Residual alkali = [HC0 3· + CO{] - [Cal· + Mgl•J 

Where concentrations are in mmol (+)/l. 
C0 3' is generally only present if pH > 9. 

Sod icity hazard is also influenced by EC: 
the higher the EC, the quicker the soil ESP 
will reach equilibrium with the SAR of the 
water (Figure 24). 

Dispersion hazard 

The risk of soil dispersion depends on the 
EC and SAR of the water, as shown in 
Figure 24. The risk is greatest w ith low 
salinity waters. Dispe rsion risk also varies 
accord ing to so il type, espec ially clay con 
tent and type, as d iscussed in the sect ion 
on why sodic soils behave as th ey do. 

Water quality types 

Irrigation waters have been classified 
into seven types based on their electrical 
conductivity and residual alkali content 
(Table 7). 

Type 1: Low salinity waters 

When some light-textured soils {eg sandy 
or silty loams) are irrigated with low salin 
ity water the soil particles disperse and 
form a slurry, which prevents adequate 
water penetration. 

Type 2: Low salinity wate rs with disper 
sion hazard 

The presence of residual alkali in this ty pe 
of water aggrava tes the penetrat ion prob
lem on light -tex tured soil s. Type 1 and 2 
waters are sim ilar in th eir eff ect on water 
penetration and require the same remedi
al measures. 

Type 3: Average salinity wa ters 

Average salinity waters can be used on all 
soil types. They do not cause water pene
tration problems or result in excessive 
build up of soluble salts if leaching occurs. 

Type 4: Average salinity waters with dis
persion hazard 

A moderate amount of soluble salts in the 
water encourages soil particles to bind 
together when wet and allows adequate 
water penetration . However, when the 
residual alkali content exceeds 0.6 meq/ l 
soil partic les may disperse when wet, 
especially if large amounts of calciu m 
have been removed from the soil. Poor 
water penetrat ion can then result. 

Type 5: High salinity waters 

Use of high salinity waters on so ils w ith 
poor internal drainage wil l result in a bui ld 
up of salts in the root zone. This problem 
occurs mostly with heavy soils or soils 
having a clay subsoil. With clay soils , 
water with an electrical conductivity 
greater than 1.5 dS/m should not be used. 
On lighter soils, saltier waters may be 
used. 

With high salinity waters , irrigation man 
agement is important . Slow, heavy irriga
tions aimed at leaching salt from the crop 
root zone must be carried out. Light irriga
tions will result in a rapid bu ild-up of salt. 
Deep ripp ing the soil may improve leach
ing to below the root zone. 

Type 6: Very high salinity waters 

Very high salinity waters can be used only 
on free ly-draining sandy so ils w itho ut 
causing a serious buildup of salt. Water 
with a conduc t ivity greater than 3.0 dS/m 
should be used only in extreme circum
stances. 

Where Type 6 waters are used, heavy and 
more frequent irrigations are necessary to 
leach excess salts from the root zone. 
Where a buildup of salts is evident, the 
soil should not be allowed to completely 
dry out. Drying concentrates salt in the 
soil solution. During irrigation with these 
waters, soils shou ld be wet to a depth of 
at least 1 m. 

Type 7: Waters unsuitable for irrigation 

Electrica l conduct ivity greate r than 3.2 
dS/m or SAR greater than 26, o r residual 
alkali greater than 2.4 m mol/L. Such w ater 
is not suitab le for rout ine ir rigat ion of sug
arcane due to the extreme levels of salt, 
sodicity or residual alkali. 
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Oth e r aspec ts of irriga tion wat er quality 

Other important aspects of water quality 
inc lude the concentration of toxic ions, 
potential clogging or corrosive materi als, 
and elements required for crop nutrition. 

Toxic and other ions 

Excessive amounts of chlorine , sodium , 
boron, lithium and other elements may be 
toxic to some crops . However, the sodium 
in sodic and saline irrigation waters is not 
in itself toxic to sugarcane. Hig h magne
sium is a problem in some irrigat ion 
water, especially in the Bundaberg district 
(Skilton et al., 2000). Magnesiu m affects 
soi l st ructure in a simi lar way to sodium , 
although not as drast ically. High mag ne
sium contents can also affect calcium 
nutrition. 

Potential clogging or corrosive material s 

The presence of iron, clay or calcium car
bonate can cause blockages and shorten 
the effective life of trick le or spray irriga 
tion systems. Iron is a particular problem 
in trickle systems. When the irrigation 
water becomes oxidised or is subjected to 
pH changes in the system, the iron precip
itates out and causes blockages. Acidic 
waters, especially those with a high pro
portion of chloride ions, can be very cor
rosive to irrigat ion equipment, particularly 
turbine pumps. 

Irrigation water as a source of fertiliser 

Al l irrigat ion waters contain some potassi
um, sulfur and traces of zinc. Under f ull 
irrigation, suffic ient quant it ies of these 
elements may be app lied to meet the 
needs of t he crop. With full ir rigation th e 
amount of potassium and sulfur supp lied 
by irrigation water shou ld be taken into 
account when decid ing on a fertiliser pro
gram. The typical amounts involved are 
discussed in the Irrigation of Sugarcane 
manual (Holden, 1998). 

Improving wate r qualit y 

Disso/venator 

The quality of Type 1 and Type 2 waters 
may be improved by adding a salt such as 

TABLE 8: Percentage of water passed 
through dissolvenator in order to raise 
EC to 0.7 dS/ m . 

EC of untreat ed 
water (dS/ m) 

0.16 
0.23 
0.31 
0.39 
0.47 

% of water passed 
through disso/venator 

29 
25 
21 
17 
12 

FIGURE 26: All irrigat ion wate rs contain some salt. 

gyps um (Ham, 1981}. The add ition of dis 
so lved gypsum to low salinity waters 
changes these waters to Type 3 irrigation 
wat er, suitab le for all soil types. Gypsum 
will also improv e Type 4 waters by remov 
ing the residual alkali. Increasing the salin
ity of a Type 4 water may change it to a 
Type 5 (high salinity water). 

A d issolvenator is used to dissolve gyp 
sum in a portion of the water, which is 
diverted from the main outlet. Once the 
gypsum has been dissolved th is water is 
mixed with the remaining irrigation water. 
The percentage of wate r to be diverted 
through the dissolvenator depends on its 
salin ity and can be calcula ted using the 
equat ion below o r read from Table 8. 

% of water passed through dissolvenator 

= 100 x (EC0 - EC1)/2 .1 

Where: 

EC0 = Desired EC of the mix (dS/ m) 
EC1 = Irrigation water EC (dS/m) 

For example , if the EC of the irrigation warer 
is 0.22 dS/m and the desired EC is 0. 70 dS/m , 
then: 

% of water passed through dissolvenator 
= 100 X (0.7 - 0.22)/2.1 

= 100 X 0.48/ 2.1 

= 23 

Effects of dissolvenator -applled gypsum on 
cane growth are discussed in the 
Ameliorants section. A general dissolven a
tor design is given in the appendi x (page 62). 

Conjunctiv e use of different water sources 

W here severa l sources of w ate r of differ
ing qua lity are available, mixing them 
may improv e qua lity, or allow use of 
water from a source that w ou ld be unsuit
able on its own. 
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For example, mixing salty bore water with 
low salinity channel water may improve 
soakage and help keep the saline ground
water table well below the surface. 

Recycled tailwater may also improve the 
quality of low salinity channel water . 
Water from the different sources may be 
mixed or applied alternately. When mix 
ing , turbulence must be introduced or suf 
ficient length of pipe must be allowed to 
bring about satisfactory mixing. To deter
mine the feasibility of conjunctive use, the 
ratio required to attain a giv en leve l ot 
salinity can be calcula ted. 

1) The rat io of the mix (R:l, w here R is the 
proportio n of the ma in supply) is ca lculat
ed as fo llow s: 

R = (EC5 - EC0 J 

(EC0 - ECM) 

2) Using the flow rate of the main supply, 
the flow rate of the supplementary supply 
can be calculated: 

Os= OM (ECo - ECM) 
(EC5 - EC0 ) 

3 ) The concentration of any solutes , such as 
residual alkali, in the mix may be calculated: 

C0 = (CM x RI + C5 

R+1 
Wh ere: 

CM = concentrati on of solute in main 
supply (any units ) 

Cs = concentration of solute in supple 
mentary supply (same units as CM) 

C0 = concentr ation of solute in mix 
(same units as CM) 

FIGURE 27 Mole drain s can form part of a subsurface ' 
dra inage network , but in sodi c soils they clog up rapidly. 

ECM = EC of main supply (dS/ m) 

ECs = EC of supplementary supply {dS/ mJ 

EC0 = desired EC of mix (dS/ m) 

R = ratio of the mix (R:1, wher e R is the 
proportion of the main supply 

OM = flow rate of main supply (volume 
per time in any units, eg l / sec) 

Os = flow rate required from supp lem e-
tary supply (same units as OM) 

For example, if the main source of irrigaiion 
water has an EC of 0. 18 dS/m, a supplemen
tary supply has an EC of 2.8 dS/m, and the 
desired EC is 0. 7 dS/m, then the ratio of 
main supply to supplementary supply (R) is: 

R =( 2.8 - 0.7) = 4.0 

( 0.7 - 0.18) 

If chtJ flow rate of the main supply ,s 6 L;s, 
then the flow rate required of the suppl e
mentary supply {0 5) is: 

0 5 = 6 (0.7 - 0.18) = 1.5 l/s 
(2.8 - 0.7) 

If the matn stipply has a residual alkali COII · 

tent of 0. 1 mmol/L and the supplementary 
supply has a residual alkali content of 2.3 
mmol/L , then the concen tration of residual 
alkali in the mix 

(0 . 1 X 4.0) ..-2.3 

4.0 + 1 

= 0.5 4 mmol/L 

In order to calculate the SAR of Hie mix, the 
concentrat ions of sodium and calcium plus 
magnes ium in the m ix can be calcu lated 
using the third equat ion above, and then 
the SAR of the mix calculated accordi ng to 
the equation in the Sodicity Hazard section. 

DRAINAGE 
In situations where groundwater is close 
to the surface, movement of water 
upwards into the crop and atmosphere 
during dry periods leaves salts to accu
mulate in the rootzone . If the amount of 
effective rainfall plus irrigation water is 
less than the amount of evapotranspira
tion , then salts will accumulate in the soil. 
Therefore , even if the groundwater is not 
particularly saline, its presence can lead to 
salinisation and sodification of th e soil. 
Water logging due to shal low watertables 
also decreases crop yields . 

The issue of surface and subsurf ace 
drainage is dealt with in the BSES boo klet 
Irrigation of Sugarcane (Holden, 1998} and 
the QDNR Salinity Management Handbook 
(1997}. 
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[TABLE 9: Typica l amounts of carbon and nut ri ents returned in green cane trash in the 
Herbert (Wood , 1986). 

Dry weight (t/ ha} Total C (t/ ha) N (kg/ ha) K (kg/ ha) Ca (kg / ha) 

47 

Mg (kg / ha) 

22 16.8 5.4 99 86 

Backhoe pits or bore holes should be dug 
to determine groundwater levels and the 
source of the water. Soil surface and 
groundwater levels are then used to 
design a drainage system. The heavier 
textured the soils, the closer together the 
drains should be. 

An EM38 survey can be carri ed out to 
det erm ine the extent of salinity in the root 
zone. An EM31 survey wi ll determine the 
extent of salinity deeper in the profi le. The 
soil to be drained shou ld be tested for its 
acid sulfate potential. 

The fate of the drainage water should also 
be considered. as it may have a negative 
impact on downstream wetlands. It 
should be kept in mind that drains are not 
stable in sodic soil, so drainage must be 
accompanied by amelioration. 

Mole drains rapidly clog up in sodic soils , 
and if used, they should be oriented along 
the rows so that they can be redone with
in the crop cycle. 

Subsurface drainage is only effective 
when and where the soil is saturated. 

Trash management 

Wh ere green cane harvesting is practised, 
use of a trash blanket improves water pen
etration. Trash slows the flow of water 
down the furrow and allows more time for 
the water to infiltrate into the soil. 
Increased irrigation times up to 25 per 
cent have been observed. As the trash 
breaks down, soil structure at the soil sur
face is improved and this aids water infil
tration. However this effect may be of lim
ited value if soil dispersion still occurs 
below the surface. 

Trash blanketing can benefit management 
of sodic soils for several reasons: 

Mulch effect 

By reducing evaporation from the soil sur 
face in young ratoon crops, the amount of 
water available for plant uptake is 
increased. On an alluvi al soil at Ayr, 60- 70 
mm mor e wat er was conserved under a 
trash blanket th an under a burnt syste m in 
the period up till canopy closure. Reduced 
evaporation loss also means that more 
water is available for leaching. 

Wacer holding capacity and soil structural 
stability 

Trash blankets hold water, increasing the 
overall water holding capacity of the soil. 
Most of the water held in trash is readily 
available to plants. As trash becomes 
incorporated into the so il as organic mat
ter by microfauna or cu ltivation, the read
ily availabl e water -holding capac ity of the 
soi l increases. As microorganisms decom
pose trash, they produce organ ic mate ri
als that help prevent c lay from dispersing, 
thereby improving soi l structu ral stability 
at the surface. 

Calcium and nutrient supply 

The return of nitrogen, phosphorus, su lfu r 
and calcium to the soil is substantially 
greater with trash retention than with 
burning. Under a burnt system the nitro
gen, phosphorus and sulfur are volatilised 
and much of the calcium is lost in ash. As 
trash decomposes, the nitrogen, phospho
rus, sulfur and calcium become available. 
Typical amounts that are returned in a 
trash blanket are shown in Table 9. 

Acidification 

Carbon dioxide and organic acids pro 
duced during decomposition of trash help 
to reduce the pH of sodic soi ls that are 
alka line at the soil surface. 

Reducing the pH of these soils reduces clay 
dispersion and helps calcium in applied or 
naturally occurring lime to dissolve and 

FJGURE 28: Where green cane harvest ing is pract ised, use of 
a t rash blanket improves water penetrat ion. 
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TABLE 10: Cane yields (t / ha) at Gaynor (Burdekin) with and 
without gypsum addition . 

No gypsum Gypsum applied 
{11.25 t/ ha) 

096 0133 0117 096 OT-33 0117 

Plant 104 107 106 135 148 148 

1st ratoon 61 79 64 80 88. 83 

2nd ratoon 62 82 65 67 90 83 

3rd ratoon 28 39 34 49 58_ 44 

TABLE 11: Soil salinity and sodicity 55 months after gypsum 
addition (11.25 t / ha) at Gaynor (Burdekin) . 

EC1:5 (dS/ m) Chloride (mg/ kg) E$P 
t,epth cont. +gyp. cont. +gyp. cont. +gyp. 

n.0- 0.1 m 0.03 0.08 20 10 9. 3 

Q.2-0.3 m 0.45 0.20 210 30 22· 14 

1.1-1 .2 m 0.69 0.43 1100 150 33' 33 

Cont. = control, +gyp . • plus gypsum 

replace sodiu m. Carbon dioxide and organ 
ic acids are very weak acids and will not 
cause the pH to drop too low . Leaching is 
necessary for pH to drop. 

AMELIORANTS 
The most effective and widely-used ame
liorants for sodic soils are those providing 
a soluble source of calcium. Gyps um and 
lime are the principal agricultural sources 
of calcium. The calcium replaces the 
exchangeable sodium, which is leached 
down the profile. Ame lioration requires 
the app lication of sufficien t water to leach 
the sodium below the root zone. Because 
sod ic so ils have low permeabi lity, this may 
take some time. The so lubility of sodium 
salts increases with tempe rature, so leach
ing is most effective in the summer. 

In order for amelioration to be cost effec 
tive, accurate d iagno sis is essent ia l. Poor 
areas should be marked out, th en sam
pled and analysed separately from good 
areas, so that ameliorant is only applied 
where needed. 

Some incorporation may be desirable to 
prevent loss from the surface. However , 
there must be enough ameliorant close to 
the surface to prevent seal formation . The 
ca lcium will eventually move down 
th rough t he profile if sufficient am el iorant 
and water has been applied. 

Lime or gypsum? 

The main difference between lime 
(CaC0 3) and gypsum (CaS0 4.2H20) is 
their solub ility. W hen dissolved in water, 
gyps um attains a maximum EC of approx 
imate ly 2 dS/m, whereas lime attains a 

maximum EC of approximately 0.01-0.40 
dS/m. The solubility of gypsum is not 
influenced by soil pH, whereas that of lime 
is. Lime is insoluble at pH > 8.5, and 
becomes more soluble as pH decreases 
below this value. So while gypsum is an 
effective source of calcium in all soils , 
lime is unlikely to have any benefit on 
sodic soils with pH greater than 7. 

Sadie soils with an acid to neutral topsoil 
and alka line subsoil, which are quite com 
mon, may respond favourably to lime 
app lications. However, as lime is not very 
so lub le, it will not move into the subsoil; 
gyp sum is required for this purpose . 

Gypsum 

What gypsum is and how it works 

Gypsum raises the EC and supplies calci 
um , which rep laces the exchangeable 
sodium. By these two mechani sms , it 
reduces clay dispersion. 

Gypsum is available in two main forms : 

1) Byproduct or chemical gypsum, which is 
a byproduct of the production of pho spho
rus fertiliser manufacture (also called phos
pho-gypsum) and other indus t ries; and, 

2) Natural gypsum, which is mined from 
dune deposits adjacent to evaporite basins. 

Phosphogypsum tends to be uniform in 
qua lity, have very fine particle size, and 
dissolve readily. Natu ral gyps um is more 
variable in qua lit y and partic le size. 
Larger particle sizes dissolve slowly. The 
qua lity of gypsum is def ined by its con 
tent of ca lcium and su lfur. Pure gypsum 
has a calc ium content of 23.3% and sulfur 
content of 18.6%. 

Gypsum itse lf has no signif icant effect on 
soi l pH. However, in combination with 
leach ing, it can reduce the pH of alkaline 
sodic soils. Gypsum can be a useful 
source of sulfur where it is deficient. Every 
t/ha of gypsum supplies adequate sulfur 
for five years of sugarcane cropping. 
Gypsum is the preferred ameliorant for 
most sodic soils because of its price and 
solubility. Gypsum is not soluble enough 
to cause salinity proble ms, except where 
it is added to soi ls that already contain a 
significant amount of salt. 

In orde r to work , suff icient water must be 
avai lab le to leach th e gypsum throug h the 
rootzone. As it moves downwa rd, Ca2

+ 

rep laces exchangeab le Na•. 

Ideal ly, the disp laced Na· (mov ing as NaCl 
or Na2S0 4) is leached below the rootzone. 
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TABLE 12: Cane yield (t/ha ) on a sodic soil ,n the Burdekin . 

Control Rip. Diss . Diss. Diss . Sur. Sur. Sur. lsd 
+ rip. + rip . + rip (5%) 

+mole + mole 

Plant 50 50 42 46 47 45 48 50 ns 
1st ratoon 92 96 115 113 111 109 110 113 11 

2nd ratoon 89 93 102 101 103 99 100 105 8 

3rd ratoon 80 83 83 92 94 85 85 87 ns 

Rip. = ripping, diss. = gypsum rhrough dissolvenator (2 t/ha annually) , mole = mole drains , sur. = gypsum 
applied to the surface (10 t/ha), ns = no significant difference- between treatments 

TABLE 13: Sugarcane yield (t/ha) in dissolvenator trial at Arriga Park, Atherton 
Tableland (0. Burgess, personal communication). 

Treatment 3rd ratoon 4th ratoon 5th ratoon Average 

Dissolvenator 
Dissolvenator + gypsum (5 t/ha) 

Gypsum (5 t/haJ + lime (2.5 t/ha) 
Gypsum (10 t/ha) 
Lime (5 t/ha) 

Control 
lsd (p = 0.05) 

119 
100 

95 
91 
85 
86 
ns 

However, due to the impermeable nature 
of sodic subsoils, this process may take 
some time. If the sodium is not leached 
sufficiently deep enough, it may move 
back up into the rootzone as water mov es 
up due to plant uptake and evaporatio n. 

Gypsum rates and responses 

Several tria ls have shown the effects of 
gyps um on sugarcane yield on sodic soils. 

An unrepli cated tria l on a sod ic soil in the 
Burd ekin show ed good responses to gyp 
sum (Table 10, Ham et al, 1997). Table 11 
shows the reduction in so il sodicity under 
the treatments . Infiltration and the 
amount of plant-available so il water were 
also improved. 

A subsequent replicated trial on a sodic 
duplex soil (Dowie series) and cracking 
clay (Barratta series) showed significant 
responses to gypsum in the ratoons {Table 
12, Ham et al, 1997). The plant crop had 
suffered from prolonged wet weather in 
all treatments. Gypsum applied through a 
dissolvenator at 2 t/ha annually gave a 
similar response to gypsum applied to the 
surface at 10 t/ ha over a crop cyc le of plant 
plus three ratoons. Over the whole crop 
cyc le the costs were sim ilar, but the cost 
of gypsum app lied through the disso lve
nator wa s spread over the whole crop 
cycle (Ham et al, 1997). 

A trial in the Mareeba-D imbu lah Irrigation 
Area (MDIA ) showed cons iderably better 

1997 1998 1999 f 

102 a 105 107.5 a 

96 ab 100 97.9 b 

85 be 89 89.8 C 

87 be 91 89.7 C 

83 C 83 83.6 d 

83 C 89 86.1 cd 

12 ns 4.7 -
results with dissolvenator rather than sur
face-applied gypsum {Table 13). 

The yield response was sufficient to 
recover the capital cost of the dissolvena
tor in two crops over the 50 ha block. The 
soil had an ESP of 18.4 at 0-25 cm depth 
and an exchangeable magnesium per
centage of 92.4% at 25-5 0 cm depth. 

FIGURE 29: The economic benefit of applying gypsum to 
sodic soil depends on many factors, including the cation 
exchange capacity (CEC) and exchangeable sodium 
percentage (ESP) of the soil. 

4000 

-;- 3000 , . 
.I: 
.;. 2000 +- ~-- .... 

~ 1000 +- --- Y ~6-..: 
+ 
Cl. 0 
lii 
~ ... 

! :: t......,;......,;'"""'""------
z -4000 +----...-------....---

-5000 J ,. 
Gypsum applicat ion (t/ha ) 

1-tr- CECS ,10, ESPS,10 

---.- cecs .10; ESP15 ,30 

~ CEC 15,20; ESPS,10 

-+- CEC 15,20; ESP 15,30 

(First value is for the ~25 
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In this example, the net benefit of adding gypsum to a soi l with 
low or high CEC and low or high ESP has been calculated 
using the computer program 'Gyps y '. The calculation 
assumed a nonsalin e so il with adequate leaching by rainfall or 
good irrigation water, a gypsum price of $85/t, cane price of 
$36/ t, district being Mareeba or the Burdekin, 7% discount rate 
and no loss of gypsum in tailwater runoff. Each soil has a 
differen t op timum gypsum app li cation rate for the best return. 
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TABLE 14: The influence of gypsum and lime on cane yields 
(t/ ha) on an acid sodic soil at Proserpine. 

Plant 
1st ratoon 

Untreated Gypsum Lime Lime 
(10 t/ ha) (2.5 t/ ha) (7.5 t/ haJ 

89 108 109 109 
91 98 96 95 

Surface application of gypsum provided 
no additional benefit to the dissolvenator 
treatment. Soil pH was 6.3- 6.6 in the top 
50 cm, but lime did not improve yield over 
the control. 

Gypsum app lication rates of 5- 10 t/ha are 
norma lly recommended for sod ic soils. 
An example of the econom ics of gypsum 
app lications to so ils of va rio us CEC and 
ESP is shown in Figu re 29. The computer 
program Gypsy (Nelso n et al, 2000} can be 
used to estimate the most econom ic rates 
of gypsum to apply. 

When rates greater than approximately 10 
t/ha are indicated, it is suggested that 
annual rates of 5-10 t/h a be considered, 
until the predicted rate is reached. On 
saline sodic soils, lower rates, such as 2-4 
t/ha, should be added and salinity moni 
tored. Additional gypsum can be added 
later. 

When sealing of the surface soil is appar
ent, placement of the gypsum on the sur
face is a sound strategy. More commonly, 
it is better to incorporate su rface -applied 
gypsum well into th e soil, especial ly if 
high rates are invo lved. 

Although no tr ial data is current ly ava il 
ab le, app licat ion of gypsum to sodic sub 
soils during leve lling is like ly to be war
ranted. However, it would norma lly st ill be 
necessary to apply additional gypsum to 
the surface after levelling is complete. 

Deep ripping, in conjunct ion with gypsum 
application, may help the leaching of cal
cium and sodium through the profile. 

Is it possible to add too much gypsum? 

Apart from being poor economics, there 
may be several negative impacts from 
adding too much gypsum. In soils with low 
CEC, the cation exchange capacity may 
become overloaded with calcium at the 
expense of magnesium and potassuim, so 
resulting in deficiencies of thes e elements. 
Kingston (1999) also documen ted elevated 
levels of salinity in a low CEC soi l over two 
years fo llowing app licat ion of 10 t/ha of 
gypsum. In saline sodic soils, gypsum 
adds to the salt load of the soi l, which may 
have a detrimental effect on crop growth. 

This effect is normally temporary, if suffi
cient irrigation water is supplied to leach 
the salts through the profile. 

Where large amounts of gypsum are 
added, the accumulation of contaminants 
needs to be considered. Contaminants are 
unlikely to affect sugarcane growth, but 
may reduce cropping flexibility in the long 
term, eg cadmium and peanuts. 

Lime 

Lime is generally defined as a calcium-con
taining product that increases the pH of 
soi l. Its main purpose is to increase pH and 
supply calcium in acid soi ls. It can also be 
effect ive in improv ing the structure of 
poorly-structured soils, pa rtic ular ly for 
improving water penetration in soi ls with 
low EC. In acid sodic soi l, the calcium in 
lime rep laces sodium and reduces sodicity. 

Anecdotal evidence also suggests that 
lime may be an effective ameliorant in 
neutral saline sodic soils. 

It may be more effective than gypsum in 
saline sodic soils because: 

a} Its solubility is increased by the pres
ence of sodium salts; and, 

b) It is not soluble enough to add signifi 
cantly to the salt load of the soil as gyp 
sum does. 

A strip trial on an acid sodic soil (pH 5.5, 
ESP 33 at 0.25 - 0.5 m} at Proserpine 
showed that 2.5 t lime/ha was as effective 
as 10 t/ha of gypsum (Table 14, Ham et al., 
1997}. 

The term lime normally refers to eart h 
lime or agricu ltura l lime, whose pr incipal 
ingredient is calcium carbonate (CaC0 3). 

However, the term lime may also refer to 
burnt lime, whose principa l ingredient is 
calcium oxide (CaO}; slaked lime or 
hydrated lime, whose principal ingredient 
is calcium hydroxide (Ca(OH)2); dolomite 
(CaMgC0 3); or pulverised lime (usually 
mostly CaC0 3). 

The quality of lime products is usually 
described in terms of their neutralising 
value and particle size specifications. 
Neutralising value quantifies the ability of 
the product to neutralise acid and is 
expressed as a percent of the neutralising 
value of pure calcium carbonate . 

Earth lime or calcium carbonate 

Calcium carbonate is the cheapest and 
most commonly used lime product. It is 
not very soluble, except at low pH or 
where CO2 concentrations are high. 
Smaller particles dissolve more easily 
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than larger particles . Above pH 8.5 it does 
not dissolve at all. In dry climates, soils 
may naturally contain calcium carbonate. 

Nonsodic soils containing calcium car
bonate have pH values around 8.2, where
as sodic or magnesic soils containing cal
cium carbonate have pH values between 
8.5 and 10. Sodic soils that naturally con 
tain more than a few percent of calcium 
carbonate can be reclaimed by acidifica
tion, discussed below. In the sugar indus 
try, some sodic soils contain calcium car
bonate, but it usually occurs below the 
rootzone, and as such it is not useful for 
reclamation. 

Burnt lime or calcium oxide 

Calcium oxide is more solub le than calci 
um carbonate and as such it can be a use
ful source of calcuim. It has a very high pH 
when it dissolves in water , but when added 
to soil, the pH usually comes back down to 
near the original pH. Due to its high pH it 
can burn setts; it should be incorporated . 

Calculating the lim e requirement based 
on soil calcium content 

Lime is normally added to correct calcium 
deficiency and the amount required can 
be calculated . A calcium content of < 0.55 
cmol(+) /kg is considered deficient and 
0.55-1.25 cmol(+) /kg is considered mar
ginal. Field trials with fine lime on a range 
of soils have indicated that the amount of 
calcium applied approximately equals the 
increase in exchangeable calc ium in th e 
soil one year after amendment app licat ion 
(Kingston and Aitken, 1996). 

This relationship can be used to predict: 

(1) The soil's calcium status, using an ini 
tial soil test value and a given application 
of lime; and , 

(2) The amount of li me required to achieve 
a target soil calcium status. 

Example for (1) above: 

On the basis of a soil test showing a calcium 
status (0-25cm depth) of 0.7 cmol(+J/kg a 
grower applies 5 t lime/ha. The lime contains 
38% calcium . Assuming a bulk density of 1.3 
t/m3 and that the lime is incorpo rated into 
the 0-25 cm depth, the calcium status of the 
soil after liming is calculated as follows: 

Calcium added= 5000 x 38 I 100 = 1900 kg/ha 

Assuming that 80% or 0.8 of this calcium 
goes onto the exchange capacity (aflowing 
for the fact that ag lime is not as soluble as 
the fine line used in the experiments) then : 

Increase in exchangeable calcium = 

1900 x 0.8 = 2.34 cmol(+)/kg 

20 X 1.3 X 25 

(The factor of 20 is a conscanc thar accounts 
for the different units used.) 

Soil calcium status after lime application = 

2.34 + 0.7 = 3.0 cmol(-+-)/kg 

Example for (2) above: 

The same grower with a soil rest of 0.6 
cmol(+J/kg decides that a soil calcium status 
of 2.0 cmol(+)/kg would be enough to get 
through the crop cvcfe. 

How much lime should be applied? The lime 
available has 38% calcium. Assume a soil 
bulk density of 1.3 t/m 3

, that the lime is incor
porated into the 0-25cm depth, and that 80% 
of the applied calcium goes onto the 
exchange capacity . 

Increase in exchangeable calcium = 

1.4 cmol(+)/kg 

Calcium required = 

1.4 X 20 X 25 X 1.3/0.8 kg/ha 

: 1138 kg/ha 

Lime required = 

1138 x 100/38 - 2995 kg/ha = 3 l/ha 

In acid sodic soils , the increased content 
of exchangeable calcium is largely at the 
expense of exchangeable sodium. 
Therefore , in the example above, if the 
soi l had an exchangeable sodium conten t 
of 0.6 cmo l(+)/kg, then increasing the cal
ci um status of the soi l by 2.3 cmol{+)/kg 
(example 1, with 5 t/ha lime} or 1.4 
cmol(+)/kg (example 2, with 3 t/ha of lime}, 
wou ld both reduce exchangeable sodium 
content and ESP to zero . 

Is it possible to add too mu ch lime? 

In soils with low pH buffering capacity, too 
much lime may increase pH by more than 
desirable , leading to nutrient deficiencies. 
Research shows rate of degradation of 
chlorpyrifos is enhanced at soil pH > 6.2. 
As this chemical is the mainstay of strate
gies to manage cane grub populations, it 
is important that soils should not be limed 
to pH > 6- 6.2 where calcium is required 
and chlorpyrifos is likely to be applied . 
Lime and gypsum cou ld be used in such 
cases to manage both calcium and pH. 

Gypsum and lime quality 

The qua lity of gypsum and lime can vary 
widely. The rules for what products may 
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TABLE 15; Mean elemental composition of sugar mill byproducts , expressed on a dry 
weight basis (Barry et al ., 1998}. 

Mean % composition on dry w eigh t basis (and range ) 

N p K Ca Mg s 
Filter mud 1.5 0.9 0.4 2.3 0.6 0.27 

(0.8-2,2) (0.5-1.4) (0.1-0.9 } (1.4-3.3} (0.4 -1.11 (0.12-0.4 ) 

0.15 0.17 0,9 0.9 0.7 0.07 till ash 
(0.1 -0.5 ) (0.04-0.3) (0.07-2.3 ) (0.2-1.9) (0.1-1.1) (0.01-0.3) 

TABLE 16: Approximate amounts of nutrients supplied by typical applications of mill 
byproduct s (Calcino, 1995r. 

Filter mud Mud/ash Ash Molasses liquid dunder Biodunder 
after reboiling 

(150 t/haJ (150 t/ha) (150 t/ha) 

N 465 360 60 
p 360 300 120 
K 120 195 390 
Ca 645 600 435 
Mg 135 165 225 
s 80 50 na 

be sold as gypsum or lime - and how 
they must be labelled - are governed by 
the Queensland Government Agricultural 
Standards Regulation (1997). In the legis
lation, gypsum and lime are classified as 
fertilisers. Each batch must have a label 
specify ing quality attached to the invoice 
or de livery docket. 

The label must contain the fo llowing infor 
mation: The name and address of the 
manufacturer or seller; th e name, form 
and content of each ma in element; and 
the fineness (< 2 mm for gypsum and 
< 0.25 mm for lime ). Maximum limits have 
been set for cadm iu m, mercury and lead 
contents. 

Gypsum must be labe lled as one of three 
grades; third grade if the sulfur content is 
10-12.5%, second grade if the sulfur con
tent is 12.5-15%, and first grade if the sul 
fur content is> 15%. 

The sulfur content of pure gypsum is 
18.6%. Byproduct gypsum must have 
> 14% sulfur and a free water content of 
< 20%. 

Gypsum may contain contaminants, 
which tend to reflect the source. Poor 
qua lity mined gypsums may con tain a 
varie ty of contam inants, inc luding cadm i
um, arsenic, copper and othe r heavy met 
als. The main byproduct gy psum used 
until recently orig inated from Incitec 
phosphate fertiliser ma nufact ure and is 
high in cadmium. 

(10 t/haJ (5 m3/ha) (3 m3/ha) 

69 16 24 
5 1 2 

397 112 90 
88 17 24 
47 9 18 
na 13 9 

However, the Duchess phosphate fertiliser 
plant gypsum, which is likely to become a 
major source of byproduct gypsum in the 
near future, has low cadmium content. 
Byproduct gypsums from metal indu str ies 
have high concen trations of many heavy 
metals. 

Grow ers should be aware of contami 
na nts in the gyps um being appl ied. 
Ame liorants high in contami nants should 
be used w ith caution, as th e contam inants 
may bu ild up in the soil and limit crop ping 
opt ions in the future. 

FIGURE 30: The quality of gypsum and 
lime can vary wi dely. 
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TABLE 17: Effect of treatments on bulk density of soil in the 0-10 cm layer, just prior 
to harvest of first and second ratoon crops (Kingston, 1999). 

Treatment 

Trash incorp. + nutrients 

Trash incorp. + gypsum 

Ash 

Filter mud/ash 

GCTB 

Control (trash burnt) 

lsd (• p = 0.05, "' p = 0.1 O) 

--- ----- -- j 

Bulk density (t/m') 

First ratoon Second ratoon 

1.55 ac 1.54 ab 

1.61 a 1.65 a 

1.41 b 1.47 b 

1.42 b 1.50 b 

1.61 a 1.66 a 

1.52 C 1.58 ab 

o.os~ 0.12 ., 

Means followed by the same letter are not signif,canfl y different 

Lime must be labelled with the neutra lis
ing value. The neutra lising va lue is the 
ability of the product to neutralise acid 
compared to pure ca lcium carbonate. 
There is no minimum neutralising value 
for limes. 

Materials such as hydrated lime (calcium 
hydroxide) or burnt lime (calcium oxide) 
may have neutralising values greater 
than 100%. When using lime as a sodic 
soil ameliorant, the calcium content is 
more important than the neutralising 
value. The water content of gypsum and 
lime can also vary substantially and 
should be considered. 

Mill byproducts 

Mill byproducts have been reported to 
improve production on sodic soils. Their 
qua lity varies wide ly, so the composition 
of each source should be analysed. 

M ill mud increases topsoil depth, has a 
high content of readily decomposab le 
organic matter, and contains significa nt 
amounts of calcium (Tables 15 and 16}. 
Repeated applications can lead to exces
sive phosphorus levels in soil. 

Ash does not contain decomposable 
organic matter , but at the high rates at 
which it is applied , its physical properties 
markedly improve topsoil structure. The 
main effect is a decrease in bulk density 
(Table 17). On a severely sodic soil in 
Mackay, ash reduced ESP in the topsoil. 
mainly due to the increased concentrat ions 
of potassium (Ham et al, 1997, Table 18). 

Molasses and dunder may also be effective 
ame liorants for sodic soils because of their 
high contents of readi ly decomp osable 
organic matter (Sur iadi et al, 2000; Weber 
and van Rooyen, 1971). Howeve r, ove r
application of either will lead to higher ash 
in sugar related to excessive K uptake. 

Acidification of alkaline sodic soils 

In alkal ine sod ic soi ls (pH > 8.5), ca1.· pre
cipitates out as CaC0 3, and is not avail 
able for exchange with Na·. Some sodic 
soils in drier climates contain la rge 
amounts of CaC0 3 in the root zone. Soils 
with more than a few percent CaC0 3 con
tain more than sufficient calcium for recla 
mation . The most efficient means of 
reclaiming these soils is to bring their pH 
down to < 8.5, so that the CaC0 3 starts to 
dissolve, and then leach them. 

The most common means of acidification 
is to add sulfuric acid, or elemental sulfur, 
which is converted to sulfuric acid by soil 
microorganisms. However, most sodic 
so ils in Queens land do not contain suffi
cient CaC0 3 in the rootzone for this 
met hod of reclamation to be effective. 

Acidificat ion from the use of nitrogen fer
tilisers and buildup of organic matter can 
help to reduce the pH of alkaline sod ic soils, 

I FIGURE 31: Mill mud increases topsoil depth, has a high 
content of organic matter and contains significant amounts 
of calcium. 
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TABLE 18: Exchangeable cations 26 months after addition of gypsum and ash to a 
severely sodic soil in Mackay (Ham et al., 1997). 

Control Gypsum Gypsum+ ash Ash 
(20 t/ha) (20 + 150 t/ha) (150 t/haJ 

0-250 mm depth 
pH 5.87 5.64 5.65 6.34 
EC1 :5 (dS/m) 0.02 0.11 0.18 0.09 
Ca (cmol(+)/kg) 1.39 3.55 4.24 1.83 

Mg (cmol{+)/kg) 0.14 0.12 0.17 0.22 
K (cmo l(+)/kg) 0.14 0.11 0.2 0.31 

Na (cmol(+)/kg) 0.24 0.11 0.2 0.23 

ESP 13" 3 4 8 

250-500 mm depth 
pH 6.45 6,25 5.88 6.37 
EC1:5 (dS/m ) 0.09' 0.25 0.26 0.13 

Ca (cmol(+)/kg) 1.54 3.1 2.59 1.52 

Mg (cmol(+)/kg) 0.34 0.45 0.44 0.36 

K (cmol(+)/kg) 0.05 0.05 0.05 0.05 
Na (cmo l(+)/kg) 2.45 2.06 2.18 2.62 

ESP 56 

and so reduce clay dispersion and improve 
soil structure. Anaerobic conditions accel
erate this process. 

Other ameliorants 

Calcium chloride is a very soluble source 
of calcium. Because of its solubility it can 
provide rapid amelioration. However, it is 
very expe nsiv e, and needs to be managed 
carefully because of the salinity problems 
that can result from its high solubility. 

Polymers such as polyacrylamides have 
been used effect ive ly to stabilise surface 
soils against dispersio n and erosion, or to 
clarify turbid irrigation water. 

VARIETIES AND NUTRITION 
All varieties suffer in sodic soils, but more 
vigorous varieties such as 0124 , 0127 , 
0133 or 0171 are generally the best per
formers. Normal nutrient management 
should be carried out in sodic soils , 
matching nutrient applications to soil test 
values, and in the case of nitrogen, to pro
jected yield . 

CULTIVATION 
Minimum tillage and trash retention help 
to ma int ain soil structural stabi lity and 
prevent compac tion . Cultivation tem
porarily improves the structure of sodic 
soils, but t he effe ct is very short lived as 
the struc ture is so unstable when the soil 
becomes wet. 

The costs and negative effects of cu ltiva 
t ion, ie accelerated break down of organic 
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matter and compaction, probably out 
weigh the benefits in sodic soils , so culti
vation should only be carried out when 
and where necessary. 

Under furrow irrigation , cultivation increas
es the roughness of the soil surface, slow
ing flow and improving penetration. 
However, the effect is short-lived as the soil 
slumps and seals. Likewise, while deep rip
ping may have a short term benefit by 
opening up the soi l, the effect disappears 
rapidly when the so il becomes wet. A trial 
on a sodic soi l in the Burdekin showed no 
significant effect of deep rippi ng (Table 
12). However, farmer experienc e favours 
deep ripping in conjunction with gypsum 
app lication. 

Controlled traffic farming has the poten
tia l to improve crop growth on sodic soils , 
and the current move towards high densi 
ty planting may facilitate this change. In 
controlled traffic , wheel traffic is confined 
to permanent zones, which are allowed to 
compact. All machinery must have the 
same, or multiples of the same wheel 
width . Controlled traffic preve nts com
paction in the rootzone and promote s bet
ter trafficabi lity in the wheeled zone. 

In furrow irrigated crops, mound planting 
is an option to reduce waterlogging dam 
age in f lat areas that do not drain readily. 
Howev er, it should be carried out in con
jun ctio n with trash blanketing or cultiva
tion to slow water down in the fu rrow and 
encourage soakage into the hill. 
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MANAGING SALINITY 
This manual concentrat es on sodicity 
rather than salinity, but the two are closely 
related. The QDNR Salinity Management 
Handbook (1997) deals with salinity man
agement. In order to manage soil salinity , 
the landscape must be understood and 
the origin of the salt must be known. The 
salt may originate in the soil itse lf, from 
saline irrigatio n water, or from a shal low 
gro undwa ter tab le. 

Even if the groundwater is not particularly 
saline, movement of water upwards by 
plant uptake and evaporation can concen
trate salt in the rootzo ne. Management 
shou ld aim at a net moveme nt of salt out 
of the rootzone (Figure 32). 

Irrigation must be careful ly managed to 
prevent soil salinisation. Groundwater 
must be kept deep enough that water does 
not move up into the root zone. 
Management of irrigation and dra inage 
are d iscussed in t he BSES book let, 
Irrigation of Sugarcane (Holden, 1998) and 

FIGURE 32: Salt movement. 

Furrow irrigation 

Water movement 
(evaporation) 

t t t Salt concentrates 
~ <;:::J in hill 

_,,....,,,,,,,,,,, Y-.. 

the QDNR Salinity Management Handbook 
(1997). Several computer models (eg 
HYDRUS, SALF, SWIM and SWAGMAN) 
are available for determi ning the move
ment of salts in soil. 

MANAGING WATER 
PENETRATION PROBLEMS 

IN NONSODIC SOILS 
As discussed in a prev ious sect ion, non · 
sodic soils may have poor permeability 
and crusting or hard-setting behaviour . 
This is usually due to various combina 
tions of texture (fine sandy or silty loams 
being the most susceptib le), low organic 
matter content, low electro lyte concent ra
tio n, mixed clay m ineralogy and the so il 
being in a bare state. Gypsum and lime 
applications have been shown to increase 
the EC and improve infiltration in these 
soils (Ham, 1981). 

Trash blanke ti ng and reducin g com 
pact ion also te nd to have benefic ial 
effects. ~ 

Overhead irrigation or rainfall 

Rainfall or irrigation 

~ Water and salt ¥° 
movement 

Salt concentrates Water and salt 

atdepth~ 

Trickle irrigation Influence of a shallow watertable 

Water movement 
(evaporation) 

t t t 
Salt concentrates 

Salt concentrates 
,.,, ..._ .. at edge of wetted ..-.- ace 

Water and salt 
movement 

t t t 

In all cases , rainfall moves salt downwards , and evaporation moves salt 
upwards . A net concentration of salt in the root zone must be avoided . 
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A horizon 

Acid 

Al 

Alkaline 

GLOSSARY AND ABBREVIATIONS 

(See HORIZON.) 

(See pH.) 

(See ALUMIN IUM. ) 

(See pH. ) In the past, sodic soils were often called alkali soils, 
because many of them have high pH. 

Aluminium (Al) An element that is a major component of clay minerals in soil. It also 
exists as a cation (Al3', Al(OH) 2· , A l(OH)2• ) in acidic soil and water and an anion (Al(OH)4 ) in 
strongly alkalin e soils. 

Ameliorant Product that, when added to soil, improves soil properties . 

Anion A negatively charged molecule or element . The most important and 
abundant anions occurring in soil and water are chloride (Cl"), sulfate (S0 4

2 
), carbonate 

(CO/) and bicarbonate (HC0 3 ). Anions present in small amounts, but which are important 
for plant nutrition, include hydroxyl (OH), nitrate (N0 3-) and phosphate (PO/) . 

Anion exchange capacity (AEC) 

The amount of anions that the soil can hold bound to surfaces of partic les. Anions are bound 
by positive charges on the soil particles, so the AEC is also a measure of the amount of pos
itive charge in the soil. AEC is non-existent in most soils, usually only being significant in the 
subsoils of deep red volcanic soils. The amount of positive charge in soil increases w ith 
decreasing pH. AEC is expressed as cmol(-) /kg soil (millimoles of charge per kg of soil ), or 
meq/ 100g (milliequivalents per 100g soil). One milliequivalent equals one millimole of 
charge . AEC can be measured in severa l ways, all of which involve leaching the soil with a 
salt solution, and measuring the anions which are displaced. (See CATION EXCHANGE 
CAPACITY.) 

B 

B horizon 

(See BORON.) 

(See HORIZON.) 

Bicarbonate (HC0 3-) An anion, which exists in alkaline soils and waters. It increases sod
icity hazard of irrigation water because it reduces the concentration of calcium , by precipi
tating it out as calcium carbonate (CaC0 3). 

Boron (Bl A trace eleme nt, which may exist at concentrations toxic to some 
crops in some sodic soils. 

BRIA Burdekin River Irri gation Area 

BSES 

Burnt lime 

Byproduct gypsum 

C 

Ca 

Cadmium (Cd) 

Bureau of Sugar Experiment Stations 

(See LIME.) 

(See GYPSUM.) 

(See CARBON.) 

(See CALCIUM.) 

A trace element, which exis ts as a contaminant in some byproduct 
gypsums. 

Calcium (Ca) An element, which behaves as a cation (Ca2
• ) in soil and water. 

Carbon (Cl An element, wh ich makes up about 50% of the dry weight of all 
organic materials , including living organisms . The process of photosynthesis converts C 
from carbon dioxide into organic forms. (See ORGANIC MATTER.) 

Cation A positively charged molecule or element. The most important and 
abu ndant cations occurring in soil and water are calcium (Ca2-1, magnesium (Mg 2

· ), potassi
um (K·), sodium (Na-) and in acid soils, aluminium (Al3-). The hydrogen (H·) is present in 
small amoun ts in acid soils, but is important because of its reactivity. 

Cation exchange capacity (CEC) 

The amount of cations that the soil can ho ld bound to surfaces of particles . Cations are 
bound by negative charges on the soil particles, so the CEC is also a measure of the amount 
of negat ive charge in the soil. Most of the CEC in soil occurs on clay or organic matter. CEC 
can be measured in several ways, all of which involve leaching the so il with a salt solution, 
and measuring the cations which are displaced. It ranges from about 1 cmo l(+)/kg in sands 
to about 40 cmol(+) /kg in clays. (See MOLE.) 

CCS Commercial cane sugar; the recoverable sugar content of cane. 

Cd (See CADMIUM.) 

------ ---- CRC SUGAR T ECHNICAL PUBLICATION----------

45 . 



CEC 

Centimole (cmol) 

(See CATION EXCHANGE CAPACITY.) 

(See MOLE.) 

Chromosol One of the 13 orders of soils in the Australian Soil Classification 
(Isbell, 1996; Isbell et al., 1997). Chromosols have a strong texture contrast betw een the A 
and B horizons, which are not strongly acid (pH < 5.5) and not sodic in their upper 0.2 m. 
They are term ed sodic if they have an ESP of 6 or greater in the lower part of the B horizon. 

Clay (See TEXTURE.) 

Clay minerals Clay particles in soi l consist mostly of clay minerals, as well as some 
iron ox ides, organic matter and other minera ls. In soils of th e Australian sugar industry there 
are three ,main types of clay minerals, each made up of layers of two types of sheet s: Si-0 
tetrahedral sheets and Al -0 -0H octahedral sheets. The kaolin type of minerals, of which 
kao linite is the most commo n example, consist of a 1:1 layer ing of tetrahedral and octahe
dral sheets. Kaolin s do not expand in th e presence of water and have low cation exchange 
capac ity (around 5 cmo l(+)/kg). Smectites, of which montm or illonite is the most common 
examp le, consist of compou nd layers of tetrahedral-octahedral-tetrahedral sheets (2:1 
clays). These compound layers move away from each other in the presence of wa ter , so 
these clay minerals are called expansible or shrink -swe lling. They have high cation 
exchange capacity (around 100 cmol(+)/kg). Micas, often termed illites, are also 2:1 minerals, 
but the compound layers are bound together by the presence of K·. II lites have intermediate 
cat ion exchange capacity (around 20 cmol(+)/kg). In soils of the wet tropics, clay mineralogy 
is dominated by kaolinite and iron oxides, w hereas in drier areas illite and montmorillonite 
are more common. 

cmol (See MOLE.) 

Conjunctive use of water 

Using several (usually two) different sources of water to irrigate the same block. Thi s is done 
by mixing the two sources or by using them alternately. 

Dermosol One of the thirteen orders of soils in the Australian Soil 
Classification (Isbell, 1996; Isbell et al., 1997). Dermosols lack a clear or abrupt textural B 
horizon, do not have a free iron ox ide conten t greater than 5% Fe, are not calcareous 
throughout and have moderately to strongly st ructured B2 horizons. They are termed Sadie 
if they have an ESP of 6 or greater in th e lower part of the B hori zon. 

Dispersion Under some cond itions , individual clay particles in soil repel each 
other. When the soil is wet, the particles are free to move away from each other, which caus 
es swelling, and movement of clay into pores. On the surface, dispersion can be seen as 
cloudiness or turbidity in the water. When the soil dries , all the individual clay particles come 
together. The por es that remain are too sma ll to readily transmit water or air , and th e so il is 
very hard and dense. The opposite of d isper sion is flo ccu lati on, where clay particles are 
att racted together , eve n in water, to form packets or mi croaggre gates. Because these 
microaggregates are larger than the individual clay particles, the pores between them are 
also larger, and a flocculated soil has a soft, permeable, crumbly structure. In most soils clay 
can be made to disperse by disturbing the soil. In sodic soils, some clay disperses sponta
neously. A simpl e measure of clay dispersibility is described in the Sadie Soils Field Guide 
(Nelson , 2000). 

Diffuse double layer 

Divalent 

(See DOUBLE LAYER.) 

When referring to a catio n or anion, it means the ion has two 
charges (eg Ca2• or SO/ ). 

Double layer The layer of exc hang eab le cations surrounding clay particles. It con
tains just enough cations to balance the negative charge on the clay particles. Cations with 
in this layer freely exchange with cations in so lution, outside of the layer . 

Duplex One of the four Principal Profile Form s of the old Factual Key classi
fication of Australian soi ls (No rthcote , 1971 ). Duplex or texture -contrast profiles are those in 
w hich the texture suddenly becomes fin er (more clayey ) on passing from the A to the B hori
zon. The term is sti ll common ly used in some local classifi cation schemes. Approximate cor
respondence between so il groups of the old classification schemes and the new Australian 
Soil Classification are given by Isbell (1996) and Isbell et al. (1997). 

EC (See ELECTRICAL CONDUCTIVITY.) 

(See ELECTRICAL CONDUCTIVITY.) 

(See ELECTRICAL CONDUCTIVITY.) 
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Electrical conductivity (EC) 

Th e abil ity of a material to conduct electr icity . The EC of wate r or a soil extract can be used 
to est im ate its salt concent ration. Measuring the EC of soi l solution is difficu lt because of the 
very sma ll volumes of water that can be extracted from the soil. Therefore, wate r is normally 
added to the so il for measureme nt. Salt toler ance of most plants has been calibr ated against 
the saturat ion extract EC (ECe). For so ils in Australia, EC is normal ly measured in a 1 :5 
soi l :water ext ract (ie 10 g soi l plus 50 ml wate r), giv ing EC,s The relationship between EC1:5 
and ECe depe nds mainly on text ure, so it is possible to make approximate conve rsions 
between the two uni ts (see Table 1). The prefer red unit fo r EC is dS/m (decisiemens per 
metr e), but µS/cm (micros iemens per centimet re), or mS/cm (mi lli siemens per cent im etre) 
are also commonly used. See Units and Conversions section for conversion factors. 

Equivalent An equiva lent is the old term for a mol e of cha rge. (See MOLE.) 

Equivalent weight The 'equivalent weight' of an elem ent (the number of grams per 
equivalent) is its atomi c weig ht d iv ided by its cha rge. It equals 23 for Na+, 39 for K+, 12 for 
Mg 2• and 20 for Ca2• . 

ESP (See EXCHANG EAB LE SODIUM PERCENTAGE.) 

Exchangeable Exchangeable cat ions or an ions are tho se which can be displaced by 
leaching the soil wit h a salt so luti on. In neutral and alkaline soils, the main exchangeable 
cations are calcium, magnesium, potassium and sodi um. In acid so ils, excha ngeable alu
minium and hydrogen are also important. (See CATION EXCHANGE CAPACITY). 

Exchangeable acidity The amount of exchangeable Al 3
• plus H+ in the soi l. 

Exchangeable sodium percentage (ESP) 

A property of soil. The amo unt of exchangeab le Na· div ided by the cation exc hange capaci 
ty, mul tipl ied by 100. (See SODICITY and SODIC SOIL.) 

Fe (See IRON.) 

Flocculation 

Free alkali 

Friable 

(See DISPERSION.) 

(See RESIDUAL ALKALI.) 

Soi l is friable when is easily breaks down int o agg regat es. (See 
STRUCTURE.) 

Gilgai Sma ll basi ns and rises that form by shr ink ing and swell ing of clayey 
soi ls conta ining montmorillonite. 

Gradational One of the four Princip al Profile Forms of the o ld Factua l Key classi
ficati on of Australian soils (Northcote, 1971). Gradat ional texture profiles are those in which 
textur e gradually become s fin er (more clayey) with depth. The term is st ill com monly used 
in some loca l classificati on schemes. Approximate co rrespondence between soil groups of 
th e old classif ication schemes and the new Austral ian Soil Classification are given by Isbel l 
(1996) and Isbell et al. (1997). 

Grey, Brown and Red Clays 

One of t he 43 great soil groups of the old Great Soil Group classifi cation of Australian soils 
(Stephens, 1953, 1962; Stace et al., 1968). Grey, Brow n and Red Clays are a broad group 
defined by high clay content thr oughout the profile. They may be sod ic, espec ially at depth. 
(See SOLONETZ, SOLODISED SOLONETZ, SOLODIC, SOLOTH and RED-BROWN EARTHS.) 
Approximate co rrespond ence between soil groups of the o ld classification sche mes and the 
new Aust ralian Soil Classification are g iven by Isbel l (1996) and Isbel l et al. (1997). 

Gypsum (CaS0 4.2H20) Gypsum or calciu m sulfate is a salt which dissolves fai rly easily 
(alth ough not as easily as sod ium chloride) . It is therefore a good source of calcium for 
reclaim ing sodic soils or overcoming calcium deficiency, and su lfate for overcom ing sulfur 
defi ciency. It is mined or pro duce d as an indu stria l byproduct, usually t he production of 
phosph ate fe rtilisers. 

Horizon Soi l layer. The A hori zon is the surface layer of mineral so il, usually 
darkened by organ ic matter at the to p or th roughout. It may be divided into sub-layers such 
as A 1 and A2. The term topso il oft en mo re-or-less correspo nds w ith the A horizon. The 8 
ho rizon is a subsoi l layer having co ncentrat ions of clay , ox ides or organic matter and/or 
structure and cons istence un like the A hor izon above or other layers below and/or stronger 
colours than the A horizon above or other layers below. The 82 horizon is the sublayer that 
expre sses the 8 horizon properties most strongly. 

Hydrosol One of th e 13 ord ers of soils in the Australian Soi l Classification 
(Isbell , 1996; Isbell et al., 1997). Hydro sols are seasonal ly or permanently wet soils. They are 
termed Sodosol ic if they fit the definition for Sodosols, and are termed Sodic if they have an 
ESP of 6 or greater in the lower part of th e 8 horizon. 
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Hypernatric 

lllite 

Ion 

Iron (Fe) 

K 

Kaolinite 

(See SODOSOL.) 

(See CLAY MINERALS .) 

(See CATION and ANION.) 

An important element in soils, existing mostly as various forms of 
oxide minerals. 

(See POTASSIUM.) 

(See CLAY MINERALS.) 

Kandosol One of the 13 orders of soils in the Australian Soil Classification 
(Isbell, 1996; Isbell et al., 1997). Kandosols lack a clear or abrupt textural B horizon, are not 
calcareous throughout, and the clay content of the massive or only weakly structured 82 
horizon exceeds 15%. They are termed Sodic if they have an ESP of 6 or greater in the lower 
part of the B horizon. 

Kurosol One of the 13 orders of soils in the Australian Soil Classification 
(Isbell , 1996; Isbell et al., 1997). Kurosols have a clear or abrupt textural B horizon, the upper 
part of which is strongly acid (pH< 5.5). They are described as Natric (or sodic) if the upper 
part of the B horizon has an ESP> 6. 

Lime 

Magnesium (Mg) 

MDIA 

meq 

Mesonatric 

Mg 

Milliequivalent (meq) 

Millimole (mmol) 

mmol 

Mo 

A calcium-containing material that increases the pH of soil. Can 
refer to a variety of products. See text for more details. 

An element, which behaves as a cation (Mg 2
• ) in soil and water. 

Mareeba -Dimbulah Irrigation Area 

(See MILLIEOUIVALENT.) 

(See SODOSOL.) 

(See MAGNESIUM.) 

A millimole of charge (positive or negative). (See MOLE.) 

(See MOLE.) 

(See MOLE. ) 

(See MOLYBDENUM.) 

Molybdenum (Mo) A trace element, which in some sodic soils may exist at concentra-
tions toxic to some crops. 

Mole (moll A mole is the basic measure of quantity of any element, compound 
or charge. It contains 6 x 1023 atoms, molecules or charges, respectively. A millimole (mmol) 
is one thousandth of a mole and a centimole (cmol) is one hundredth of a mole. For exam
ple, a cation exchange capacity of one centimole of charge per kilogram of soil (1 cmol(+)/kg) 
means that there are 6 x 1021 negative charges in each kilogram of soil. For elements or com
pounds, the number of grams in a mole equals the atomic or molecular weight. 

Monovalent When referring to a cation or anion, it means the ion has one charge 
(eg Na• or Cr-). 

Montmorillonite (See CLAY MINERALS.) 

N 

Na 

Neutral 

(See NITROGEN .) 

(See SODIUM.) 

(See pH.) 

Nitrogen (NI An element, which in soils exists mostly in organic form. Apart from 
carbon, hydrogen and oxygen, it is quantitatively the most important element required by 
the plant. Sodic soils tend to have low contents of nitrogen because of low organic matter. 

Organic matter Soil organic matter consists of the remains of plants, animals and 
microorganisms, and also charcoal. The elemental composition of organic matter is gener
ally about 50% C, 1-5% nitrogen, some sulfur and phosphorus, and the rest hydrogen and 
oxygen. It consists of a wide range of materials, some of which decompose very quickly, 
others which decompose very slowly. Soil organic matter has many important functions: it 
provides nutrients for plants; provides energy and nutrients for soil microorganisms and 
fauna; is an important pool of elements in global cycles; buffers against changes in pH; alters 
the mobility and reactivity of pollutants and pesticides; and, influences soil physical proper
ties. It has high cation exchange capacity , and can account for a high proportion of the cation 
exchange capacity of surface soils with low clay content. Organic matter contents can 
decline quickly under cultivation, and continual returns of plant resides are needed to main 
tain adequate contents. 

P (See PHOSPHORUS.) 
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pH The scale of measurement of acidity and alkalinity. A pH of 0- 6 is 
acid, around 7 is neutral , and 8-14 is alkaline. Soil pH can be measured using pH indicator 
kits (chang e of colour), or by meas uring the pH of a soil extract (water or a CaCl2 solution ) 
with a pH meter. pH is slightly lower when measured in CaCl2 than when measur ed in water. 
Soil pH var ies between approximate ly 4 and 10. 

Phosphogypsum Byproduct gyps um . (See GYPSUM. ) 

Phosphorus (P) An element, essential for plants. 

Plant available water Water in the soi l that plants can extract. This is usually described in 
terms of water potential. At saturation, water is held at approximate ly zero potential, and is 
easy for plants to extract (except that they soon become adversely affected by waterlogging , 
or lack of oxygen). As the soil drains, its water content reaches fie ld capacity, which corre 
spo nds to a water potential of approx im ately-10 kPa, and a maximum water -fill ed pore diam
eter of approximatel y 30 µm. Plants can easily extract this water . As t he soil dries further, it 
becomes increasingl y difficult for plants to extract water. At a water potential of approxi
mately -1500 kPa, called t he permanent wilting point (maximum water-filled pore diameter of 
app rox imat ely 2 µm), plants can no longer extract water , and they die. The actual water con 
tent or amount of water held in soi l at different values of potential depends on soil proper
ties, especiall y clay content. The amount of water held in the soil at field capacity , minus the 
amount of water held at permanent wil t ing point , is called the plant available water holding 
capaci ty of the soil. The plant available water holding capacity of a soil must specify a depth 
for w hich it was calculated , usually the root zone depth . (See READILY AVAILABLE WATER.) 

Potassium (K) 

Precipitation 

QDNR 

QDPI 

RA 

An element, which behaves as a cation (K+) in soi l and water . 

A process in whic h an element or substance is converted from a sol
uble to an inso lub le form. 

Queensland Department of Natura l Resources 

Queensland Departm ent of Primary Indust ries 

{See RESIDUAL ALKALI.) 

Readily available water 
Water in the soil that plants can extract easily. The readily available water holding capacity 
of the so il is the w ater conten t at field capacity {for a given depth , usually the rootzone) , 
minus the water content below which plant growth is slowed. The lower limit is determined 
arbitrar ily. For sugarcane it is often set at the water content at which cane growth rate is 50% 
of the maximum attained. In clay soi ls, th e readily available water ho lding capacity is often 
set at 50% of the plant available wate r holdi ng capacity. 

Red-Brown Earth One of the 43 great soil groups of the old Great Soil Group classifi
catio n of Australian soils {Stephens, 1953, 1962; Stace et al., 1968). Red-Brown Earths have 
a massive to we akly structured grey-brown to red-brown loamy A horizon , with an abrupt 
change to a brown to red clay B horizon wi t h well-developed structu re. Th e A horizon is usu
al ly slightly acid to neutral, and the B horizons are alkal ine, with carbo nate segregations in 
the lower parts. The B horizon is frequent ly sod ic. (See SOLONETZ, SOLODISED SOLO NETZ, 
SOLODIC, SOLOTH and GREY, BROWN AND RED CLAYS.) Approximate co rrespondence 
betwee n soil groups of the o ld classification schemes and the new Austra l ian Soil 
Classification are given by Isbell (1996) and Isbell et al. (1997). 

Residual alkali The alkal inity in water (bicarbonate plus carbonate plus hydroxyl, 
determined by titrat ion ) in excess of t he amount of calcium and magnesium in water. Free 
alkali in irrigation water poses a hazard because it complexes calcium, making it nonex
changea ble and hence increasing so il ESP. 

S {See SULFUR.) 

Salinity The salt con tent of soil or water. The sal inity of soil is estimated by 
measu ring the electrical conductivity of so i l extracts, or by measuring the electrical conduc 
tivity of the whole soil using conduct iv ity probes or an EM38 mete r. The salinity of water is 
estimat ed by measuring electrical conductivity. 

Salinity hazard The salinity of irrigation water, measured by electrical conductivity. 
The high er the salinity hazard, the greater the risk of salt accumulat ing in t he soil profile. 

Salt Material that forms cations and anions when dissolved in water. As 
salty wa ter conducts electricity, the total salt concentratio n of water can be measured by its 
electrical conductivity. Salt concent rat ion in water can be expressed as mg /L {milligrams per 
litre ) or grains per gallon. Salt concentrat ion in soil is often expressed as% (g salt per 100 g 
soi l). See Units and Conversions for convers ion factors. The most common salt in soil and 
water in Austra lia is sod ium ch loride or table salt (NaCl). 
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Sand 

SAR 

Saturation extract 

Se 

Selenium (Se) 

Si 

Silicon (Si) 

Silt 

Slaked lime 

Soda 

(See TEXTURE.) 

(See SODIUM ADSORPTION RATIO.) 

(See SOIL EXTRACT.) 

(See SELENIUM.) 

A trace element , w hich may exist at concentrations toxic to some 
crops in some sodic soils. 

(See SILICON.) 

An element that is a major component of clay minerals, quartz and 
other minerals in soil. Small quantities are present in soluble forms. 

(See TEXTURE.) 

(See LIME.) 

(See SODIC SOIL.) 

Sodic soil A soil that has a high ESP somewhere in the profile. The most com 
monly used definition is that of Northcote and Skene (1972), who defined a sodic soil as one 
with an ESP of 6- 14 somewhe re in the top metre of the profile and a highly sodic soi l as one 
w ith and ESP > 15 somewhere in the top metre. For more recent and comprehensi ve defini 
tions of sodic soil , (see SODOSOL, CHROMOSOL, DERMOSOL, HYDROSOL, KANDOSOL, 
KUROSOL and VERTOSOL.) 

Sodicity The proportion of the cation exchange capacity of the soi l that is 
balanced by Na·. It is usually expressed as the ESP, but may also be expressed as the sod i
um adsorption ratio of a soil extract. (See SODIC SOIL.) 

Sodicity hazard A property of irrigation water. The higher the sodicity hazard of irrigation 
water, the more sodic it will make the soil. Sodicity hazard depends on sodium adsorption 
ratio, free alkali conten t and salinity of the water. 

Sodium (Na) An element, which behaves as a cation (Na•) in soil and water. 

Sodium adsorption ratio (SAR) 

A measure of the composition of cations in so luti on, ie. the concentra tion of sodium divid 
ed by the square root ofthe concentration of calc ium plus magnesium. SAR is used to meas
ure the sodicity of irrigation water. 

Sodosol One of the 13 orders of soils in the Austra lian Soil Classification 
(Isbell, 1996; Isbe l l et al., 1997). Sodosols are a specifi c kind of sodic soil, having a clear or 
abrupt textural B horizon, the upper 0.2 m of which has an ESP of 6 or greater , and a pH of 
5.5 or more. Sodosols are divided into three classes depending on the ESP of the upper part 
of the subsoil: subnatric (ESP 6-14) , mesonatric (ESP 15-2 5), and hypernatric (ESP > 25). 
Other soil orders used for sugarcane production may also be sodic. (See CHROMOSOL, 
DERMOSOL, HYDROSOL, KANDOSOL, KUROSOL and VERTOSOL.) 

Soil extract Soil extracts are used for measuring properties of the soil solution. 
They are made by mixing soil with water or another solution, and then separating the extract 
from the soi l. Commonly used extracts are the saturation extract and the 1 :5 soil:water 
extract. Saturation extrac ts are made by wetting the soi l up until it is saturated and then 
removing the extract by vacuum. 

Solodic One of the 43 great soi l groups of the old Great Soil Group classifi 
cation of Australian soils (Stephens, 1953, 1962; Stace et al., 1968). Solodic soi ls are the 
same as Solodized Solonetz, except that their B horizons have coarse blocky structure , with
out evidence of the characteris ti c columnar structure. (See SOLONETZ, SOLODISED 
SOLONETZ, SOLOTH, RED-BROWN EARTH and GREY, BROWN AND RED CLAYS.) 
Appr ox imate correspondence between so i l groups of the old classification schemes and the 
new Australian Soil Classifi cation are given by Isbell (1996) and Isbell et al. (1997). 

Solodised Solonetz One of the 43 great soil groups of the o ld Great Soil Group classi
fication of Australian soils (Stephens, 1953, 1962; Stace et al., 1968). Solodised Solonetz 
soils are similar to Solonetz soils, except that they tend to have a thicker A horizon , with 
well developed A2 horizon, and the A horizon and upper part of the B horizon is acid. The 
B horizons have coarse columnar structure with clearly defined domes on top of the 
columns, and exchangeab le sodium contents are less than that of th e Solonetz. (See 
SOLONETZ, SOLOD IC, SOLOTH, RED-BROWN EARTH and GREY, BROWN AND RED 
CLAYS.) Approximate correspo ndence between soil groups of the old classification 
schemes and the new Australian Soil Classification are given by Isbell (1996) and Isbell et 
al. (1997). 

SODIC SOILS M ANUAL---- ---- -----

50. 



Solonetz One of the 43 great soil groups of the old Great Soil Group classifi
cation of Australian so ils (Stephens, 1953, 1962; Stace et al., 1968). The essential features of 
Solonetz soils are an abrupt texture contrast between loamy A horizons and clay B horizons. 
The A horizon is fairly thin, has a bleached A2 horizon and has neutral to alkaline pH. The B 
horizon is strongly alkaline (pH> 9) and exchangeable cations are dominated by sodium and 
magnesium in the lower part. (See SOLODISED SOLONETZ, SOLODIC, SOLOTH, RED
BROWN EARTH and GREY, BROWN AND RED CLAYS.) Approximate correspondence 
between soil groups of the old classification schemes and the new Australian Soil 
Classification are given by Isbell (1996) and Isbell et al. (1997). 

Soloth One of the 43 great soil groups of the old Great Soil Group classifi
cation of Australian soils (Stephens, 1953, 1962; Stace et al., 1968). Soloths are similar to 
Solonetz, Solodised Solonetz and Solodic soils, except that they are acid throughout the pro
file. The texture contrast also tends to be less abrupt and the B horizon is not as tough or 
hard. (See SOLONETZ, SOLODISED SOLONETZ, SOLODIC, RED-BROWN EARTH and GREY, 
BROWN AND RED CLAYS.) Approximate correspondence between so il groups of the old 
classification schemes and the new Australian Soil Classification are given by Isbell (1996) 
and Isbell et al. (1997). 

Solute Any material that is dissolved. 

Structure Soil structure is the arrangement of particles and pores in soil. Soil 
structure that is optimum for plant growth consists of a range of pore sizes, which allow 
water, air and roots to penetrate, and which allow the soil to break up easily into aggregates 
in the size range of mm to cm when it is cultivated. (See STRUCTURAL STABILITY.) 

Structural stability The ability of a given soil structure to resist changing when the soil 
is disturbed by wetting, or by cultivation and traffic. Sadie soils have very low struc tural sta
bility when they are wet, due to clay dispersion. 

Subnatric 

Sulfur (SJ 

(See SODOSOL.) 

An element, which exists mostly in organic form in soil. (See GYPSUM.) 

Texture The range of particle sizes of which a soil consists, that is largely 
responsible for its feel and structure. All soil particles are either clay (0-2 µm diameter), silt 
(2-20 µm diameter), fine sand (20-200 µm diameter), coarse sand (200-2000 µm diameter) 
or gravel (> 2000 µm diameter). 'Light' or 'sandy' soils contain a high proportion of sand, 
whereas 'heavy' or 'clayey' soils contain a high proportion of clay. Loams generally contain 
10-4 0% clay, with the rest being silt and sand. Textur e can be measured in the field by feel, 
or in the laboratory by particle size analysis. 

Trace element An element that exists in low concentrations in soils or amend -
ments. Concentrations in soils may be too low (deficient) or too high (toxic) for plants. 

Uniform One of the four Principal Profile Forms of the old Factual Key classi
fication of Australian soils (Northcote, 1971). Uniform texture profiles are those in which 
there is little, if any, change in texture throughout the profile. Uniform profiles may be coarse 
(sandy), medium (loamy) or fine (clayey) texture. The term is still commonly used in some 
local classification schemes. Approximate correspondence between soil groups of the old 
classification schemes and the new Australian Soil Classification are given by Isbell (1996) 
and Isbell et al. (1997). 

Vertosol One of the thirteen orders of soils in the Australian Soil 
Classification (Isbell, 1996; Isbell et al., 1997). Vertosols have 35% or more clay throughout 
the profile. They are termed Episodic if they have an ESP of 6 or greater in the upper 0.1 m, 
Epihypersodic if ESP is 15 or greater in the upper 0.5 m and Endohyp ersodic if ESP is 15 or 
greater below 0.5 m. 

Water potential The energy with which water is held in the soil. Within a certain 
range it can be measured directly by tensiometers. It is usually expressed in units of pres
sure, such as bar or kPa (1 bar= 100 kPa). Water that is held at a potential of between zero 
and say -10 kPa can be extracted from soil by applying a pressure of 10 kPa. Water that is 
held at a potential of -1000 kPa can only be extracted by applying a pressure of 1000 kPa. 
The smaller the pores in which water is held, the more negative its potential, and the more 
difficult it is for plants to extract. (See PLANT AVAILABLE WATER.) 

Zinc (Zn) 

Zn 

A trace element, which in some sodic soils may exist in concentra
tions deficient for some crops. 

(See ZINC.) 
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Units and conversions 
To convert Column 1 into 
Column 2 multiply by: 

Column 1 Column2 To convert Column 2 into 
Column 1 multiply by: 

Salt concentration and electrical conductivity of water and soil extracts* 

1000 dS/m µS/cm 0.001 

1 dS/m mS/cm 1 

dS/m mmho/cm 1 

1 mmolc/L meq/L 1 

0.1 (approx.) mmolc/L dS/m 10 (approx.) 

600 (approx.) dS/m mg/L 0.0017 (approx.) 

1 mg/L ppm 1 

45 (approx.) dS/m Grains per gallon 0.022 (approx.) 

0.07 mg/L Grains per gallon 14.3 

1 µS/cm 'EC units' 1 

Cation exchange capacity and concentrations in soil 

1 cmol(+)/kg me% 1 

1 cmol(+)/kg meq/100 g 1 

1 meq/100 g me% 1 

1 mg/kg ppm 1 

0.1 mg/kg % 10 

0.1 x equiv. weight mg/kg cmol(+)/kg 10 x equiv. weight 

Application rates 

0.008 kg/ha bags/acre 125 

0.398 t/ha t/acre 2.51 

Flow rates, irrigation applications 

3.6 Lisee kl/hr 0.278 

793 Lisee gallons/hr 0.0013 

0.01 mm ML/ha 100 

Slopes 

To convert percent slope to 'one in x', x equals 100 divided by the percent slope. 

To convert slope as 'one in x' to percent, divide 100 by x. 

To convert slope in inches per chain to 'one in x', x equals 792 divided by the slope in 
inches per chain. 

To convert slope as 'one in x' to inches per chain, divide 792 by x. 

* For salinity conversions, note that a) there is no direct conversion between EM38 readings 
(mS/m) and soil extract EC values; values can be compared by calibrations, and b) the con 
version between saturation extract values (ECe) and 1:5 extract values (EC1:5) depends on 

texture, and is given in Table 1. Many electrical conductivity meters have a scale that is 
labelled in mS rather than mS/cm, and µS rather than µS/cm . 

Prefixes of SI units 
Prefix 
deci, d 

centi, c 

milli,m 

micro,µ 

nano, n 

kilo, k 

mega, M 

Meaning 
0.1 (one tenth) 

0.01 (one hundredth) 

0.001 (one thousandth) 

0.000001 (one millionth) 

0.000000001 

1000 

1,000,000 
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Queensland soil survey list 
Northern Region - Region 1 

MDIA Soi ls and Land Suitability of the Mareeba-Dimbulah Irr igation Area, Enderlin, N 

TAB Soils and Land Suitability of the Atherton Tablelands North Queensland. Malcolm D. 

BBC Wet Tropical Coast Study, North Queensland: Babinda/Cairns Area. Smith, CD 

CTI Wet Tropical Coast Study, Nort h Queensland: Cardwell/Tully/lnnisfail Area. Smith , CD 

Herbert Region - Region 2 

WTC Wet Tropical Coast, North Queensland: Ingham and Herbert River Section. Wilson, PR 

Burdekin Region - Region 3 

BER Soil Survey: Elliot River to Bowen, Molongle Creek to Elliot River. Aldrick , JM 

BRB Land Resources Survey of the Burdekin Right Bank, OLD. Thomp son, WP 

BRL Soils of the Lower Burdekin River Barratta Creek: Haughton River Ar ea. Reid, RE 

BSA Survey of the Soils of the Lower Burdekin Valley, North OLD. Thompson , WP 

HTC Survey of the Burdekin River Irrigation Area: Haughton's Central Area. Christianos , NG 

HTN Surv ey of the Burdekin River Irrig ation Area: Haughton 's Northern Area. 

Donnollan, TE 

HTS Survey of the Burdekin River Irr igation Area: Haughton 's South ern Area. 

Donnollan, TE 

IMC Land Resources Surv ey of the Burd ekin River Irrigation Area: lnkerman Central 

Section. Donnol lan, TE 

IMW Land Resources Survey of the Burdekin River Irrigation Area: lnkerm an West 

Section. Donnollan , TE 

JFD Soil Survey of the Burdekin lrriga iton Area: Jarv isfield Section. Day, KJ 

LOR Soil Survey of the Burdekin River lrrigaiton Area: Leichhardt Downs Relift. Day, KJ 

MLG Burdekin River Irr iga tion A rea: Mu/ grave Section. McClu rg, JJ 

MRE Surv ey of the M illaroo Extension Area. McClurg, J I 

NHC Land Resour ces Survey of the Burd ekin River Irrigation Ar ea: Northcote Section. 

McClurg , JI 

NLH Soil Survey of the Burdekin River Irrigation Area: Leichhardt Downs. Donnollan , TE 

RBO Burdekin Right Bank Overview . Donnol lan, TE 

SLK Land Resources Survey of the Burd ekin: Selkirk Area. Loi, J K 

Central Region- Proserpine to Mackay - Region 4 

MCL Mackay Sugar Cane Land Suitability Study. Holz, GK 

PSS Proserpine Integrated Land Use Study . Hardy, S 

PCS Plane Creek Sugar -Cane Land Suitability Study. Wi lls, AK 

Southern Region: Bundaberg - Region 5 

CBW Soils and Agricultural Suita bility Assessment of the Coastal Burn ett-Wide Bay 

Region: Childer 's Ar ea. Wilson, PR 

BAB Developing Sustainable Natural Resour ce Management Systems for Bundaberg. 

Donnollan, TE 

Southern Region: Maryborough - Region 6 

MHB Developing Sustainable Natural Resource Management Systems for Mary borough. 

Wilson , PR 

Provided by the Queensland Department of Natural Resources 
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Sodic Soils 
- Proserpine to Mackay 

..... ... 
•• 

Land used for growing sugar cane 
(visually interpreted from 1995 
Landsat TM Satelite Imagery) 

Areas dominated by soils with 
significant levels of exchangab le 
sodium in the subsoi l 

Project Areas (see notes) 

Major Roads 
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Sodic Soils 
- Mackay to Sarina 
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Land u~ed tor growing ~ugar ~ant: 
(visually interpreled from l 995 
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Area~ dominated by ~oib with 
significant levels of exchangab le 
sodium in the sub~oil 

Project Area~ (~ee note~) 

Major Roads 
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Sadie Soils 
- Bundaberg to Childers 

f:3 
~ L'lnd used for growing sugar cane 

(visually interpreced from 1995 
Landsat TM Satelite Imagery) 

• Areas dominated by soils with 
significant levels of exchangable 
sodium in the subsoil 

Projecc Areas (see noces) 

Major Roads 
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Land used for growing sugar ..:ane 
(visually interpreted from 1995 
Landsat TM Satelice Imagery) 

Areas dominated by soi_ls wilh 
significant levels of exchangable 
sodium in the subsoil 

Project Areas (~ee note:.) 

M,~or Road~ 
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BUILDING A DISSOLVENATOR 

Several different types of dissolvenator 
are in use, manufactured by various com
panies. They may be fixed at a site or 
portable. A typical fixed type, based on 
the design of Peter Toomey, Burdekin 
cane grower, is described below. 

Description 

Gypsum, from the concrete GYPSUM 
BAY, is washed into the PRIMARY MIXER 
by using a jet of water. Between 12 and 
29% of the water from the pump delivery 
is mixed with the gypsum in the primary 
mixer. 

Water containing dissolved gypsum plus 
undissolved gypsum is pumped from the 
primary mixer to a HYDROCYCLONE, 
where the undissolved gypsum is separat
ed and returned to the gypsum bay. The 
dissolved gypsum is discharged into the 

head box where it mixes with the delivery 
water. 

Gypsum bay 

Concrete floor , sloped ( 10 mm /m) to cor
ner nearest primary mixer. Concrete block 
walls on three sides , open on one side. 
Dimensions 4.4 m long x 3.2 m wide x 0.8 
m high. A 100 mm diameter PVC pipe 
delivers gypsum from the lowest corner of 
the bay to the primary mixer. A 19 mm 
hose from the dissolvenator pump sup
plies water for washing gypsum from the 
heap. The hose is connected to a pipe fit
ted with a tap and nozzle. The pipe should 
be adjustable so that the sweep angle cov 
ered by the water jet covers the entire 
gypsum bay. The water jet should be 
directed at the base of the gypsum heap. 
A tarpaulin prevents rainfall from washing 
gypsum into the mixer. 

FIGURE 33: A generic dissolvenator design for furrow irrigation systems. 

Gypsum Bay 

Wa ter pipe 

AdJustabte 
sweep angl e 

Flow chart of dissolvenator unit 

Pump 
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F'rom pump 
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Primary mixer 

The primary mixer consists of a 1200 mm 
length of 900 mm diameter concrete pipe 
set into the ground near the gypsum bay. 
Water enters the mixer from the pump 
delivery via two lines controlled by gate 
valves. 

A 50 mm float va lve attached to one line 
allows control of the water level within the 
mixer. Alternatively, a depth sensor and 
solenoid valve can control the level. 

Agitation is provided by water taken from 
the dissolvenator pump. It is delivered 
through two 19 mm water pipes to the 
bottom of the mixer. These pipes deliver 
water in a horizontal jet so that it circu
lates in a clockwise direction. A venturi 
may be fitted to introduce air into the sys
tem so as to maximise agitation. 

Pump 

As byproduct gypsum often contains 
impurities such as small stones, an open 
impeller type centrifugal pump is prefer
able. For closed impeller pumps a screen 
must be fitted before the inlet. If the 
pump is not self-priming a foot valve may 
be fitted. 

FIGURE 34: A dissolvenator unit in the Burdekin. 

Pump capacity will depend on the output 
of the irrigation pump and the total salt 
content of the water. The lower the EC of 
the water , the higher the proportion that 
must be passed through the dissolvenator 
in order to reach a given EC. 

Calculation of the proportion of the irriga 
tion that passes through the dissolvenator 
is discussed in the Irrigation section. The 
proportion of water passing through the 
dissolvenator may be varied automatical
ly using an EC probe and solenoid valves. 

Hydrocyclone 

The hydrocyclone should be the same 
dimensions as a 200 L drum , ie 900 mm 
high and 600 mm diameter. Smaller 
hydrocyclones are less effective in sepa
rating the undissolved gypsum. Gypsum 
is quite corrosive, so it is advisable to 
paint the inside of the hydrocyclone. 

The outlet should be set 150-200 mm into 
the drum. Placing the outlet below the 
inlet prevents the escape of undissolved 
gypsum. The inlet and return should be 
tangential to the drum as shown in the 
diagram. This maximises separation of 
the undissolved gypsum. A gate valve 
should be fitted to the return line. A 
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