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The title I was given was 'A Philosophy for Saltland 
Agriculture'. The more I thought and wrote about sale 
in che Australian landscape, it was obvious it was the 
same sale whether it was in the bush or associated with 
agricultural land or indeed in towns or cities. Sale is 
something all inhabitants of chis continent share in 
common. Consequently, chis editorial comment is 
simply titled 'A Philosophy fo r Sale' . 

The Australian landscape suffers from inadequate 
description. We have not understood landscape 
processes and we have not given due place and due 
regard to the make-up, the components, of our many 
and varied landscapes. Those who do comprehend these 

processes are yet to find a language chat expresses that 
awareness and makes it available to al l Australians. 

T he highest prioriry in terms of environmental and 
educational need is an understanding of wacertable 
management. T he component of the Australian 
landscape chat has been most disregarded is sale. The 
two are inextricably li nked. 

Nature is never a background. 

I had a q uintessential experience sitting on a hay bale 
outside C harters Towers in the Queensland sun 
listening to a CSIRO hydrogeologist say char 150 kms 
in from rhe Australian coast meant chat 6-8 kg of sale 
pe r hectare per year would be deposited out of the 
atmosphere. The next seep was ro multiply the annual 
sale deposit by geological age ro estimate the staggering 
sale loads which exist in our landscape. 

But even more reveali ng was the fact that, in the native 
vegetation and che regrowth of the Upper Burdekin, 
the re was little or no evidence of sale. 

The scien ti fi c message co the land managers of chat 
region was simple: if you continue the present land 
management practices, rhe massive concentrations of 

Salt-torerant puccenlllia thriving in spring floods. 

sale- like a sleeping giant-would awake, become 
activated sale: saliniry- as sure as night followed day. 

There are, of course, many regions of chis continent 
with significant areas of salinisatio n which are stark and 
obvious: widening ba re scalds, dying vegetation. Salt is 
seen as a corrupter and d estroyer, crossing state 
boundaries, poisoning in highly-mobile concentrations. 

Bue it is not shock and impact and scare mongering chat 
is required, but rather education , understanding and 
informed action. We need to inc rease our knowledge 
base. We need more hydrologists, hydrogeologiscs and 
expertise in che landscape processes of this continent. 
And we need to make available to the Australian 
communiry how this continent evolved to deal with 

itself 

T he clue to che long-te rm health of chis land is the 
dynamic equil ibrium of watertable management. When 
you deal with the dynamics o f wacercable management, 
you must cake into account the air, the trees, the planes, 
che ground, as well as what happens in and under the 
ground. 

The whole of che Australian landscape can be viewed as 
a series of dynamic balances. Saliniry-activaced sale- is 
a lmost invariably the indicator of a watertable which is 

seriously out of balance. 

The giant is awaken~ng, screeching, having one elbow 
scratched. He is a massive creamre. What we muse do 
entails landscape-scale challenges and landscape-scale 

opportunities. 

The giant muse be cooled , calmed, shaded, his limbs 
muse be deactivated, bedded-down, reduced to 
min imum impact. 

Ir was the job of che PUR$L conference co provide the 
vision, the intelligence, the energy and rhe methods to 
undertake chis cask. T he health of our continent 

demands ic. 
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DRYLAHD SALIHITY RESEARCH 
approaching the truth 

Alex Campbell National Dryland Salinity Program 

Research into dryland salinity brings us ever closer to 

the truth. Unfortunately the message is often 
disturbing, particularly the predictions of areas at risk of 
future salinisation and the realisation that current 
farming practices will be ineffective in arresting, let 
alone reversing this trend. 

But as one door closes another opens. 

The second phase of the National Dryland Salinity 
Program (N DSP) recognises that the size of the 
problem na tionally will force some hard decisions: 
decisions about where limited public resources for 
salini ty management need to focus on prevention, 
where they need to focus on rehabilitation and where 
they need to focus on living with salt. 

The PUR$ L community has long been a driving force 
behind the search for a way to live with salt, not just as 
a survival strategy but also as an opportunity arising out 
of adversity. 

The 1999 biennial PUR$L conference held at 
Naracoorte in South Australia brought together 
international and national specialists to reveal the most 
recent developments in ways to live with salt. As it 
always does, the full richness of this conference emerged 
with the interaction between presenters and the 
audience that included extension providers, policy 
makers and land managers. 
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This conference continued the trend which sees the 
PUR$L agenda ever broadening as new stakeholders 
emerge with an inte rest in salinity. Although the impact 
on agriculture is still central, increasingly 

conservationists, local government and water resource 
managers are recognisi ng salinity issues they cannot 
avoid. 

Experience has shown that understanding the 
biophysical processes leading to salinity and having the 
tools to manage it do not always lead to the 
implementation of adequate management practices. 
The key drivers of change (e.g. market forces) are often 
absent and key inhibiters (e.g. social values and 
uncertainty, inconsistent policies and regulations at 
different levels of government) are often present. One 
of the critical issues for salinity management will be 
institutional support and PUR$L, with its emphasis on 
'productive use', will continue to play a key role in 
encouraging the uptake of technically feasible, practical 
and financially attractive solutions. 

The Australian Association of Natural Resource 
Management support of the conference culminates in 
this special edition of Natural Resource Management­
an edition that brings together a selection of key papers 
highlighting the breadth of approaches to living with 
salinity. 
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NEW HORIZONS IN THE USE OF SALINE RESOURCES 
Nicholas Yensen 

Abstract 

Sttline soils, so often the remit of btndscttpe 
mismttnttgement, present grettt chttllenges to enviro11me11111l 
11111nagers 1111d agriwltuml producers. This paper 
demonstrates thnt grent opportunities nlso nrise from 
snlinity resenrch. ft reviews the ngronomic potentinl of some 
hnlophyte crops nnd famge plnnts nnd explores the 
contribution they cnn mnke to remedintion or 
improvement of some sn!t-njfected soils nnd ecosystems 
through the rhizocnniw!ttr effect, httlodecking and bio­
remeditttion. The pnper ttlso discusses the opportunities far 
wnter des11li11isntion using c11p11citntive deionisntion 
technology. 

Key words 

Sali nity, halophyre, wate r quality, bio-remediarion, 
desalination 

Introduction 

T he majority (90 %) of saline soi ls in rhe world are 
created by natural p rocesses (p rimary salinisarion); less 
than I 0 % is due ro human activi ty (secondary 
salinisation) . Yet, one third co one half of irrigated lands 
are salt affected. H ence, billions of dollars are lost each 
year to salt. T hese salty a reas should be regarded nor as 
problems, bur as opportunities. 

In novative salt technology for sustainabili ty is a 'rapidly 
rising new sun' on rhe horizon of our salty resources. In 
the last 30 years the envelope has also been pushed fo r 
conventional glycophytes (plants with decreasing 
productivity with inc reasing salt levels) . Soil 
amendment and management-along with drainage 
management-have saved hu ndreds of thousands of 
hectares across the world, while some new salt-resisting 
glycophyres have a more gradual productivity decrease 
with increasing salin ity. T here has a lso been an 
increased use of miohalophyres (plants that m ainta in 
their productivity up to some salt level and then have 
decreasing productivity with increasing salt levels). 
Conremporarily, there has been interest in rhe 
development of halophytes (plants capable of 
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completing their li fe cycle under highly salty 
cond itions). O f the ha lophytic plan rs the most 
interesting new crops are the true halophytes or 
euhalophyres (plants char have increased productivity 
with increasing salt levels). Euhalophytes arc salt-loving 
(haloph ilic) and grow better under salty conditions than 
under fresh water conditions. T he advantage of 
halophilic crops is that high sale levels, im permeable 
soi ls, and waterlogging can accually improve their 
prod uc tivity. At p resenr, a whole spectrum of salt­
roleranc and halophi lic crops are being developed. 
Involved in the developmenc of these new halophilic 
crops is the relatively new science of salt plants 
(halophytology) and a new wave of high-sale cultivation 
(haloculcu re). 

First halophyte patents 

T he first patented halophilic crop, a cereal grain 
(Ny Pa® G rain, Distichlis pnlmeri var. yensm-1 n), was 
developed and patented in 1985, followed in 1994 by a 
patented euhalophyte fo rage crop (NyPa® Forage, 
Distichlis spicnta var. yensen-411). Both crops have 
optimal growth in warm arid climates (Yensen 1988, 
Yensen et al. 1995a). W hile selection and use of 
ha lophyres extends fro m pre-historic rimes, these 
halophilic crops were uniquely bred and selected co 
have new agronom ic characteristics, noting that wild or 
previously domesticated culcivars are no t patentable. 

NyPa Forage 

Ny Pa Forage is rhe result of m ore than 20 years of 
research on salt-tolerant grasses and the breed ing and 
selection o f tho usands of varieties and popula tions fro m 
around the world . 

The productivity ofNyPa Forage is several rimes char of 
the typical saltgrass, wi th the results of one trial shown 
in Table I. 

Productivity-salt level trials conducted at rhe University 
of Arizona (Yensen et al. 1998), rhe US Sali nity 

Saltgrass variety NyPa Forage Distichlis 1 Distichlis 2 Distichlis 3 Distich/is 4 Dist/ch/is 5 

tlha/4 months 13.9 ± 3.5 1.6 ± 0.4 1.3 ± 0.3 0.6 ± 0.1 0.7 ± 0.2 0.5 ± 0.1 

Table: 1. The above-ground, harvestable, dry-weight biomass of NyPa Forage compared with that of 
five varieties of Distich/ls (Yensen et al. 1998) 
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Laboratory (Shannon & Grieve, unpubl.), Agriculture 
WA (Prefumo & Barrett- Lennard, unpubl.) and 
Latrobe University (Sargeant, unpubl.) have observed 
very different growth cu rves over salinity levels. It is not 
known if this variability is the result of differi ng light 
levels, temperatures, humidities, m ycorrhizae and/or 
salt-ion. Typically, under h igh light and temperature the 
optimal sali nity is between 20-30 dS/m. The new 
variety will grow at full strength sea water (~ 46 dS/m) . 

Recent trials in various countries suggest that under 
proper management and cultivation the forage variety 
can be suitable for goats, sheep, and beef cattle. Yearling 
dairy calves grew almost as well (I kg/day/4 kg feed, 
Yensen 1997) with a NyPa Forage-fo rmulated diet as 
with a conventional-formulated d iet. 

Halophyte crops 

Salt-rolerant crops in various srages of use and 
development include: Atriplex, Sfllicomifl, some 
EuC/llyptus, some Cmuflrinfl, NyPfl, Kosteletzkyfl, }uncus, 
Kochifl, P/l/1d/l/111s, Stl/led/l, Tamflrix and Zostem. Acflcifl, 
Bfltis, Chloris, Coccolobfl, Cress/l, Crithmum, Grindelia, 
Leptochlofl, Limonium, Prosopis and Sporobolus may also 
become porential crops (Yensen & Bedell 1993) . To 
assist in the selecrion of appropriare crops for different 
regions a prototype computer program has been 
developed with the assisrance of the Food and 
Agriculture Organization of the Uni ted Nations. 

Serial biological concentration 

An entire community's food, shelter, fuel and 
ornamentals can all be generated from serial haloculture 
of the different crops. Afte r each haloculture the 
effiuent/drainage waters can be reapplied to the next 
halophilic crop. Due to evapotranspiration in an 'open' 

system each crop in the series must be increasingly more 
salt-tolerant in a serial biological concentration system 
(SBC). The lase crops are brine-loving species (Artemia 
spp., Spirolina salina, Dwmiell/l spp., Hfllob/lcter spp., 
Halomonm spp.). 

Protein Gross fat Hon-nitrogenous 
matter (by difference) 

6- 19% 8% 47% 

Ca p K 
0.2-0.9 % 0.1-1 .0 % 0.7-1.2 % 

Cl B Cu 
0.8-1 .1% 2-5 ppm 4-200 ppm 

A small-pilot SBC system might util ise 50-100 m3/ ha 
of water per day a t I 0 000-1 5 000 ppm (1 5-20 d S/m) 
on a miohalophyte. The second level m ight util ise 25-
50 m3/half-ha/day at 30 000 ppm (nearly sea water) . 
The third level might utilise 10- 25 m3/quarter-ha/day 
ar 60 000 ppm (hypersaline) on a euhalophyte crop, 
however the known hypersali ne crops are limited. 

Halophyte contribution to improvement of salt­
affected soils and ecosystems 

Rhizocanicular effect 

New understanding is being gained from an old 
phenomenon, the opening of so il via the ' rh izocanicular 
effect' (or root channels) . The rhizocanicular effect 
pennies percolation of water in otherwise impermeable 
soils (Yensen et a l. I 995b) . Thus, the old adage that 
'adding sale water co a clay soil will rnin the soil' is not 
always true. Heavy, clay, alkaline soils have been 
irrigated with salty water (from 15-46 d S/m depending 
on site) to grow halophyte c rops. Strong rhizocan icular 
halophytes can allow water d rainage and movement of 
salts down and out of the upper soil system. 

Halophytes with rhizocanicular action typically have 
sharply-pointed rhizomes (called 'pene-rhizomes' fo r 
their penetration ability) . They can penetrate heavy 
d eflocculated clay soils, hardpan, caliche, asphalt, and 
brick-like clays. 

Rhizocaniculated soils have improved soil structure and 
in some cases the obligate halophyte crops were unable 
to grow due to lflck of salt. To understand chis, consider 
that salty soils can lose their dumped (flocculated) 
structure because the salt ions cause the soil particles to 
repel each other (deflocculare) resulting in any 
remaining pores becoming clogged with colloidal clay 
particles. Organic matter can have a beneficial effecr by 
helping to re-establish soil structure (Lebron, pers. 
comm.), but mulch is ephemeral and oxidises inro 
carbon dioxide, water and by-p roducts. In conrrast, 
halophytes with a rhizocanicular effect provide a 
persisrenc sustainable 'growing improvement' to che soil. 

Gross fibre/cellulose Ash Energy Lignin 

20- 37 % 5-14 % 1245 kJ/ 1 OOg 5- 7 % 

Mg s Ha 

0.14--0.33 % 0.18 - 0.27 % 0.2-2.8 % 

Fe Mn Zn 

250-600 ppm 39-75 ppm 30-67 ppm 

Table 2. Chemical composit ion of NyPa Forage (Yensen 1997; Shannon, pers. comm.) 
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Halodeckln9 

A new understandi ng is also developing of how 
halophyric vegetation is capable of growing over salt 
beds and moving rhe salt down and/or bui lding up rhe 
surface soil matrix. This process causes rhe salts ro be 
'bedded down' or halodecked (a salt layer and/or saline 

soil covered with p lant material so rhar glycophyres can 
be grown). T h is process appears ro make sal rs 'inactive' 
wi th regard ro rhe local ecosystem and microhabirar (J. 
Darling, pers. comm.). In rhe arid Atacama Desert of 
C hi le and Peru merre-rhick layers of salt halodecked so 
rhar garden vegetables could be grown at the surface 
have been observed. Distichlis sp., a euhalophyre 
species, had halodecking mars up ro 2 m high. 

Halophyres have adapted ro tolerate many salts (e.g. 
some gypsoph ilous halophytes have become specialised 
in growing on gypsum sales and gypsiferous soils and 
have become obligate gypsophilous halophytes [Yensen 
er al. 1999)). Closely related populations can even have 
widely differing rolerances co the same sales. 

Halophyte salt management 

Choice of halophyre crop for each field situation 
depends on the soil- water condition and the way in 
which rhe particular halophyres manage salt. 
Halophyces manage their salt load by exclusion, 
accumulation and/or excretion. 

Exclusion 

Excluder plants (e.g. Horde11111 spp., Melilotus spp. and 
most glycophyres) have salt control at the root level and 
exclude the salts from enteri ng the vascular system. The 
exclusion of salt is often an energy-expensive process. 
For plants to survive under saline conditions it was 
rhoughr char they must expend energy for salt 
management. T he O ' Leary Rule (J. O ' Leary pers. 
comm.) suggests rhar for every gram molecular weighr 
of salt pumped our of a plant via the sodium pump the 
plane must expend rhe energy of one gram molecular 
weigh t of adenosine-rri-phosphare. The O'Leary Rule 
applies for conventional glycophyre plants, an increase 
in salt level correlating wirh a direct linear arithmetic 
decrease in productivity. 

H alophytes do nor appear ro follow chis rule; rhey enjoy 
increased productivity wirh increased sali nity up co an 
optimal salt level. Above that they begin a curvili near 
decrease in productivity. 

Accumulation 

Accumulator planes (e.g. A triplex spp., Snlicomia spp.) 
sequester salts in the cell vacuoles fo r osmoregulacion 

and ro avoid toxic effects. In these plants, salt may 
account for as much as half the dry weigh t. \Xfhile they 
usually do nor make good forages, there a re many 
situations where rhey are ideal and well-suired 
(e.g. although under rangeland conditio ns, deep-rooted 
plants [e.g. Atriplex spp.] can grow well on the fresh 
rainwater and as such do nor accumulate high levels of 
salt, chey can also withstand rhe salt associated with 
drought). Some accumula ted sales can be toxic (e.g. 
Atriplex cn11esce11s growing vigorously on highly-toxic 
saline soil in Mexico, that had to be fenced off co avo id 
cattle morcali cy; Yensen , personal observarion). Under 
ocher circumstances, however, many Atriplex spp. (low 
in oxalates and malates) can serve as an excellent 
browse. The selection and development of salrbushes 
without rhese liabilities wou ld be an excellent program 
(Barrett-Lennard & Malco lm 1995). 

To reduce leaf- tissue-salt accumulation A triplex spp. 
have bladder cells (leaf-surface cells which fi ll with salt, 
burst wi th d ew and rain and th us excrere salt). This 
means char they can be grazed afrer rains when the 
leaves are most palatable. 

Excret ion 

Excreror planes (e.g. Distichlis spp., Avicem1in spp.) 
excrete sales through sale glands. Some halophyres 
excrete salt with bladder cel ls; others directly excrete 
salts without salt accumulation making their biomass 
immediately available as fo rage. 

A beneficial side effect of salt excretion is tha t the 
surface salt can eliminate some pests (e.g. aphids 
coming into contact with salt can be imploded through 
the osmotic removal of thei r body fluids [Yensen, 
personal observation]). Diseases/parasites can also be 
reduced by add ing salts co aquacul tural ponds (D.J. 
Carey, pers. comm.). In general, however, plant 
problems (e.g. pathogens, insects, overgrazing, weeds, 
metal accumulation) associated with the cultivation of 
halophytes are si milar to those of conventional crops. 

Bio-remediation 

Bio-remediation (the removal of toxic salts and 
compounds with organisms) is a new, rapidly­
developing area. While some plants can accumulate the 
toxic salts directly from che soil, other applications rely 
on volatilisation and/or precipitation of toxi ns into 
harmless compounds by microbes that use halophytes as 
a carbon energy source. Some macrophytes also can 
d ireccly bio-remediate certain toxins. Toxic clements, 
such as chlorine and selenium, can be remediated by 
volatilisation (Davis, pers. comm., Frankenberge r, pers. 
comm.). Some controversial discussion still exists on the 
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possibility for reduction of sodium via microbial 
volatilisation (Macon et al. 1986, Nelidov 1981 ). 
H owever, phyto-remediation, by elemental up-cake, 
volacilisacion, and precipitation can reclaim toxic waste 
sires, saline petroleum sludge and mining areas. 

Capacitative deionisation technology 

Capacitative deionisacion technology (CDT), first 
developed with carbon aerogel at Lawrence Livermore 
National Laboratory in the USA, can electronically 
remove dissolved sales and toxic elemenrs. T he p rocess 
(porencially more efficient chan Reverse Osmosis or 
Flash Distillation) is scill in che developmental stages, 
but may soon provide pure drinking water for people 
and animals (Sheppard et al. 1998). 

Carbon aerogel is a new material char can be made from 
coati ng carbon felt with a resin which is then pyrolised 
at high temperature. The resultant carbo n aerogel has a 
density of 0.3-1.0 g/cm> (based on 0.1 3 mm chick 
material) . It has an internal ion-collecting surface area 
chat can be greater rhan 60 000 rimes rhe 'plane form' 
surface area. The ion-collecting surface area varies from 
100-700 m2/cm3. Aerogel is a form of carbon wich a 
reticulated structure whose pore size is measured in tens 
of nanometres. Ir aces like a 'microscopic sponge'! 

Aerogel removes salt ions when an electrostatic potential 
difference (1.0- 1.5 voles) is establ ished on alternating 
charged sheets of aerogel, as in a capacitor. When salty 
water passes between the aerogel sheets the positive and 
negative ions are attracted to the ir opposite eleccro­
potential and are electro-adsorbed to the aerogel. 
Particles with a nee charge are held to the ir respective 
surfaces of the capacitor and lacer released in to a waste 
stream by removing or reversing the electrostatic charge. 
T he ion-collecting aerogel surface is capable of 
removing relatively large quantities of sale from a fluid 
passed between the charged aerogel-sheec electrodes. 

Because che aerogel is essentially inert carbon, neither 
hear, acids nor bases will destroy the CDT electrodes as 
they would reverse osmosis membranes. T he electrodes 
are stacked and electrically bussed in che shape of a 
'flow-through brick'. Bricks are connected in series co 
meet quality requi rements and in parallel co meet 
volume requi rements. 

CDT is ideally suited for ultra-pure water production 
because liccle energy is lost through the 'non­
conduccive' water, and large quantities of water may 
pass through che bricks before the collected sale needs 
to be electrically flushed. Less than 2 watt-hours/litre 
are required to purify water with a few hundred parts 
per million total dissolved sales co less than l 00 parts 
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per billion (deionisacion only) and che pumping energy 
is minimal. Ocean water and brine d esalin isation is the 
most difficult for CDT as the electrodes need frequent 
flushing. However estimated energy requirements are 
low compared to other technologies: 

CDT process: 5.5 watt-hou rs/litre 

reverse osmosis: 7. 7 watt-hou rs/litre 

eleccrodialysis: 17 watt-ho urs/litre 

thermal evaporation: 600 watt-hours/litre 

Salt opportunities and philosophical 
considerations 

Ten percent of the world's land surface is salt affected. 
Salt-affected soils and ground waters are often natural 
phenomena char cross national boundaries. T he 
predicted global climate change threatens to increase 
the world-wide salinity problem. International 
collaboration and coordination are essential in 
continued research and in developing regional and 
global strategies fo r deali ng with salinity issues. In any 
program, however, it is important co involve from the 
beginning select farmers and potential beneficiaries, as 
well as rhe political and institutional hierarchy. Thus, 
when the rime com es for expansion they already 
understand the practices necessary. 

There has been considerable discussion regarding whar 
programs are most important to fund. Following a 
'tongue-in -cheek' philosophy, Yensen's four 'haloculture 
priority laws' would help society to p rioritise its effort 
and guide its direction in managing salt-driven 
problems and opportunities: 

protect the co11ventional fi-esh-water crops (via 
dra inage, soil amend ments, appropriate 
m anagement); 

develop salt-tolerant conventional varieties chat can 
tolerate the marginal fresh water areas, as the agro­
socio infrastructure already exists for these crops; 

develop focal halophyte species with natura l salt 
tolerance, as these plants already exist in the 
regional ecosystem wherein cl imate adaptation and 
environmental considerations are minimal; and 

introduce domesticated halophytes co che regio n after 
careful study and evaluation of their intended and 
possibly unintended performance. 

From an environmental srandpoint, the development/ 
introduction of salt-loving crops to replace natural areas 
rich in a wi ld species should never be concemplaced. 
Fortunately, there are economic reasons to prevent this 
as well as the aesthetic ones. 

Additional long-term economic reasons exist for 
preserving species-rich coastal and in land salt marshes. 

7 



8 

Besides their natural beauty, the rich divcrsiry can 
provide futu re generations with the raw generic material 
to d evelop new halophyte crops. 

Humankind has had the habit of salinising an area and 
then moving on to salinise other a reas leaving a trail of 
'troubled' land. The technology exists that will allow us 
to take rhe salinised land and make ir productive again. 
Ir may need a different crop and a landowner with a 
different mind-set, but we no longer have to move on 
to destroy other lands . .. we have an opportunity. 

T he development and use ofhaloph ilic crops is on ly 
now beginning. An cient halophyre crops are being re­
examined, bred and selected as were the glycophyte 
crops centuries ago. O f the approximately I 0 000 salt­
tolerant plan ts, as many as 250 poten tial halophyre 
crops may exist. T here is a need for the establishment of 
salinity research and developmen t cenrres ro generate 
new crops and technologies and to make these advances 
widely available. 
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ABSTRACT 

Awtmli11faces11 mbstnntinl nnd increasing salinity problem. Howeve1; S11lt!t1nd is a resource capable of significant 
production. Austmlian experience dating back to the 1940s, and especially since the early 1990s, wggests that projifflble 
new agricultuml industries can be based around the growth of salt tolemnt plants. Realising this potential will require two 
fundamenffll changes. There is a need far n renewed commitment to research and development into the capabilities of 
markets, land and plants. In addition, there needs to be a change in the consciousness of the co1111111111ity regt11di11g the 
potential of snltlnnd 

KEYWORDS 

Halophyces, inu ndation, land capability assessment, rnarkecs, wacerlogging 

INTRODUCTION 

Auscralia has a major fu cure sali nity problem ; 2.5 
mi llion hectares a rc presently salc-affecced and a rocal o f 
abouc 15 million hccrares are at risk. Current fa rm ing 
systems appear unlikely co substantially prevent these 
increases. le is therefore essential co bu ild and develop a 
capacity fo r productively using chis resource. 

Two basic propositions are considered co be cruc: 

all salrland is potentially productive; 

nor all salrland is equally productive. 

These statements arc based on an undersrand ing of the 
salt tolerance of plants. Although nearly a ll crop planes 

HISTORICAL PERSPECTIVE 

Historically, Australians have been m ajor innovators in 
che use of salc-roleranc p lanes as a means of increasing 
che producciviry of salrland (e.g. che incroduccio n of ta ll 
wheat grass and sale water couch in the 1940s [Teakle 
& Burville 1945), p uccinell ia in the 1950s [Rogers & 
Bailey 1963), and ha lophytic forage sh rubs in the 1960s 
[Malcolm & C la rke 197 1 )). H owever, the greacesc 
flower ing of research in ch is area occurred a fter che 
escablish rnenc of che national program on Productive 
Use and Rehabilicacion of Saline Land (PUR$L) in 

1990. T he PUR$L group was established as a m eans of 
ensuring char technical developmen ts in individual 
Stares could be spread throughour Australia. 

Special Issue: June 2000 

are sensitive co salin ity, there is access co sale coleranc 
planes (halophyces), some of which arc able co 
wichscand sa le concencracions in excess of those found in 
sea wacer. 

T his paper has th ree themes: 

Australia's majo r historical invescmenc in 
investigations of the tolerance of planes co sal inity 

the use of this research as a useful foundation on 
which co conduce future research; 

the change of hearc needed with in chc broader 
com munity (govern ment, research, and farming) as 
co what is possible with salrland. 

Since escablishmenc, PUR$L has sponsored six national 
workshops (ac T.1cu ra and Echuca in Victoria, Adelaide 
and Naracoorce in South Australia, Albany in Western 
Australia, and Tamworth in New Sourh Wales) . Many 
of the key debates in the field can be traced ch rough the 
proceedings of these workshops. Three examples are 
given below. 

The role of saltbushes 

Ac che fi rst workshop che Western Austral ians strongly 
advocated salcbushes (Atriplex spp.) as sale tolerant 
fo rages (Malcolm 1990) and participants from South 
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Australia and Victoria were encouraged co cry niche 
seeding. By che second workshop, che South Australians 
were able to show good salcbush scands growing on 
duplex soils in the field, but che Victorians (third 
workshop) found chat salcbushes were not well adapted 

co d ays (Barson 1994). Grazing experiments from 
Western Australia (also at the third workshop) suggested 
that saltbushes were only of low nutritive value to sheep 
(Warren & Casson 1994) . However, by the fifth 

workshop, a change in the role of salcbush was being 
foreshadowed with emphasis m oving towards its 
capacity as a groundwater pump (Lloyd 1998). 

Puccinellia 

Ac che fi rst workshop, Lay ( 1990) noted that there were 
responses in che growth of puccinellia to nitrogenous 
fertilisers. T his was confirmed at the second national 
workshop, where data were presented showing chat 
puccinellia fertilised with split applications of nitrogen 
had 3 to 4 times the yield of unferti lised plots 
(McCarthy 1992). At the fourth national workshop 
Herrmann (1996) noted chat gross economic retu rns 
from puccinellia of over $200/ha were ach ievable. 

South Australian farmers in the Keith area subsequently 

formed a successful cooperative co exploit this 
productivity, marketing puccinell ia seed overseas. 

The role of trees on saltland 

The identification of adapted salt-tole rant trees has 
been relatively slow-noc surprising given the long time 
required to grow commercial trees. At the first national 
workshop it was noted chat Eucnlypt11s occidentalis, 
Melaleucn hnlmr1turomm and Cas11arinr1 glaucn had great 
potential (Marcar 1990). After a fu rther eight years it 
had become clear that 'whilst most species performed 
best under less saline cond itions, Acacia stenophy//n, 
E. occidenttt!is and M . hnlmaturorum performed 
sim ila rly under moderate salinity' (Marcar et al. 1998). 
The greatest cha llenge to che use of trees to lower sal ine 
wacertables occurred at the fourth workshop when 
Thorbu rn (1996) noted chat 'there is little evidence chat 
trees will take up more water from a wacertable than 
would be lost from the soil if it was bare of vegetation'. 
Thorburn suggested that accumulation of sale in the 
root-zone could dramatically affect long-term tree 
survival and growth. 

RESEARCH AND DEVELOPMENT: IMPERATIVES AND OPPORTUNITIES 

For salcland industries co flourish, there is a need co 
understand three capabilities: those of the land, plants 
and markets. T his is seen in terms of three intersecting 
circles (Figure 1). W hat is needed is the right plan e (or 
combination of plants) ac the right location in the 
landscape, producing products of greatest commercial 
value. Realising the potential of sale-affected land for 
productive use will require a major future commitment 
co R&D. T hese three capabilities are a usefu l 
framework around which to reassess priorities. 

Plant 
capability 

Figure 1. Understanding three capabilities leads 
to successful industries on saltland. 
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Defining market capability 

There is an urgent need to assess the relative 
marketability of different saline agricultural options. No 
such analysis has ever been done for prospective saline 
agricultural produces in Australia or in any other 
country. This is surprising given chat ic is the selling of 
produces chat generates the revenue scream chat provides 
farmers with che incentive to invest in new systems. 
Farmers will increasingly be able co choose co produce a 
range of products using saline land. Some of these may 
be in innovative new industries. T he choice of 
enterprise will be determined by che availability of 
in formation about prices, size of market, scale of 
competition, requirements for transport, and 
availability of appropriate community infrastructure. 

In thinking about market capabi lity, ic is essential to be 
open to possible new saline agricultu ral produces. For 
example in Weste rn Australia, samphi re (Hnlosr1rcin 
pergrt11111/nttt) has been seen as a plant ofliccle value by 
farmers interested in using ic as a source of fodder for 
grazing animals. H owever, ic can be argued chat the 
approach co chis plant has been coo blinkered. Samphi re 
partly osmocically adjusts co saline soils using the small 
molecular weight ami no acid glycinebecaine, a 
compound char can reach concentrations in the tissues 
of up co 2% dry weight (T. Colmer, pers. comm.). Ac a 
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yield of 1 tonne per heccare, chis compound could 
cherefore produce a gross revenue scream of abouc 
$A 1500 per hectare. 

Using current knowledge, 26 salt tolerant plant species 
capable of producing 13 products (or services) of value 
to agriculture in Australia have been identified 

(Table l). 

Defining land capability 

There is an urgenc need to d evelop techniques for 
assessing the capabili ty of salcland so tha t farmers can 
strategically implement saline agricultu ral enterprises at 
optimal locations. Ac present, land capability surveys 
generally do noc distinguish becween d ifferent types of 
salcland. 

Ecological zonacion in naturally saline environments 
can give imporcanc information abouc che processes that 
affecc land capability. In Western Australia ic has been 
suggested that salcland should be classified as being of 
'low', 'moderate' or 'high' productivity, based on the 

degree to which ic is affected by salinity, waterlogging 
and inundation (Barrete-Lennard, unpublished). 

Land of low potential would have shallow saline 
groundwater, a high incidence of inundation and 
(generally) heavy textu red soils. These areas would 
grow samphire (Halosarcia spp.) and puccinellia 
(Puccinellia cilia ta), and saltbushes (Atriplex spp.) 

on che sandy rises. T hey wou ld be highly suiced to 
cool-season aquaculture in shallow ponds. 

Land of moderate potential would have deeper 
groundwater, less inundation and lighter (sand over 
clay) duplex soils. T hese soils would grow stands of 
salcbushes and balansa clover ( Trifolium 
michelimwm), tall wheat grass (Elytrigia elongata) 
and puccinellia (Puccinellia ciliata). Stands of 

bluebush (Maireana brevifolia), acacia species and 
highly salt- tolerant eucalyptus species would grow 
on sandy rises. 

Land of high potential would have shallow 
waterrables of low salinity and deep sandy profiles. 
These sites would be highly suited to the growth of 
tree species such as Eucalyptus occidentalis, E 
camaldulensis, Me/aleuca spp. and Casuarina obesa. 

Increasingly, the occurrence of salinity, waterlogging 
and inundation and their severity can be measured or 
predicted using combinations of on-ground surveys, air­

borne geophysics and hydrological modelling. T hese 
techniques could therefore be used to develop a robusc 
predictive capacity for macching saline agricultural 
enterprises to sites. le is ancicipaced that overlays of 
measured and modelled informacion (salinity, cexcure, 
risk of inundarion, depth and salinity of groundwater) 
could be manipulated in geographic information 
systems co develop prescriprive maps of salrland 
capability. 

Table 1. Products/functions from salt-to lerant plant species in Australia. 

Product/function Species* Product/function 

Brushwood fencing 22 Organic chemicals 

Carbon sequestration 1- 3, 10-12, 15- 17, 20-22 Pulpwood 

Cineole and/or essential oils 15, 22 Seed 

Fuelwood 2, 3, 10-12, 15, 16, 20 Tannin 

Fodder (meat, wool) 1, 2, 4-9, 13, 14, 19, 23- 26 Timber products 

Grain 13 Watertable drawdown 

Honey 11 , 16 

• Species include: 

1. Acacia ampliceps (salt wattle) 

2. A. saligna (WA golden w attle) 

3. A. stenophyl/a (eumong) 

4. Atriplex amnicola (river saltbush) 

5. Atriplex cinerea (grey saltbush) 

6. Atriplex /entiformis (quailbrush) 

7. Atriplex nummularia (old man 
saltbush) 

8. Atriplex paludosa (marsh saltbush) 

9. Atriplex undulata (wavy leaf 
saltbush) 

Special Issue; June 2000 

10. 

11 . 
12. 

13. 
14. 

15. 
16. 
17. 
18. 
19. 

Casuarina equisetifolia (coastal 20. 
sheoak) 

C. glauca (swamp oak) 21 . 
C. obesa (swamp sheoak) 

Distichlis spicata 22. 

f/ytrigia elongata ( tall wheat grass) 23. 

f . cama/du/ensis (river red gum) 

f. occidentalis (flat topped yate) 24. 

f. sargentii (salt river gum) 25. 

Halosarcia spp. (samphire) 26 

Maireana brevifolia (small leaf 
bluebush) 

Species* 

18 

15, 16 

4, 9, 14, 24, 26 

2, 10, 16, 17 

10, 11, 15 

1- 17, 19- 22 

M. halmaturorum (Kangaroo Island 
paperbark) 

M. thyoides (scale-leaf honey 
myrtle) 

M. uncinata (broombush) 

Paspalum vaginatum (salt water 
couch) 

Pucclnellia ci/iata (pucclnellia) 

Spartina alternifolia 

Trifolium michelianum (balansa 
clover). 
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Defining plant capability 

Plants o n saltland are subject co a range of stresses 
including salinity, wate rlogging and inundation. In 
general, responses to salinity are wel l understood 
(Aronson 1989, Maas 1986). Unfortunately, plan ts 
with high levels of salt tolerance d o not necessarily have 
high levels of tolerance co wacerlogging or inundation. 
Furthermore, there have been very few studies of the 
effects on plants of wacerlogging and/or inundation 
under saline conditions. 

Wacerlogging causes roots to become energy d efic ient. 
This increases their uptake o f sale, which adversely 
affects growth and su rvival (Qureshi & Barrett-Lennard 
1998) . Research on Australian tree species shows chat 
some highly sale-tolerant species have exceptio nal 

Figure 2. Effects of waterlogging under conditions of 
increasing salinity on survival of seven Australian tree 
species (after Moezel et al. 1988). The p lants were 
grown in drained or waterlogged sand with increasing 
salinity (7 dS/m per week) for six weeks. 

Salt 
• Salt/waterlogging 

Swamp Boorabin River Goldfields Swamp Cornett Kondinin 
sheok mallee gum blackbutt mallet Vale blackbutt 

Species mallee 

Figure 3. Relation between plant height and survival of 
river saltbush plants after inundation (after Qureshi & 
Barrett-Lennard 1998). 
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tolerance to waterlogging under saline conditions, while 
others are sensitive. Figure 2 shows the effects o f saliniry 
(increasing to about 76% of sea-water), under drained 
or waterlogged conditions, on the survival of seven tree 
species. Al l trees had similar survival (94- 100%) under 
saline-drained cond itions. However only one species 
( Cmunrinn obesn) had 100% survival under saline­
wacerlogged conditions. 

Inundation appears to be even more damaging to 
plants. Despite this (with the exception of rice), there 
are nearly no documented examples of the effects of 
inundation on plan ts. The data in Figure 3 suggest one 
mechanism by which p lan ts can avoid inundation: grow 
quickly so rhat total immersion in the water is avoided. 
T he data are derived fro m an experiment wit h clones of 
river saltbush grown o n the banks of the Kabul River in 
Pakistan. After the plants were establ ished , the river rose 
and Aooded the site fo r a few days. The rallesr plants 
(I 00 cm high or mo re) h ad greatest survival (97%); the 
shorresr plants (60 cm or less) had lowest survival 
(36%). 

CONCLUDING COMMENTS 

Australia faces a subsrantial and increasing saliniry 
problem. It is essential that income-generating 
agriculcural systems are developed for chis land resource. 
T here are two majo r casks: 

get the science right; 

change communiry consciousness. 

The second of these tasks may be less obvious than the 
first. There is a need ro engender a change o f 
consciousness abour what is possible on saltland. One of 
rhe largest problems that we face lies in the scepticism 
of communities: fa rming, research and agency. In the 
face of such sceptic ism we should remember chat the 
salinisation of land does not mark rhe end of living 
systems. 

Here is an example of what is meant by a change of 
consciousness. Many farmers in Australia have thought 
of sal ini ty as a fo rm of'land cancer' and whar a terrible 
simile chat is. When chinki ng of cancer, o ne th inks of 
debili tating disease wirh little prospect of cu re. . 
However, the analogy is not even remotely appropriate 
to the facts. An a lte rnative analogy is suggested 
(Qureshi & Barrett-Lennard 1998). Saltland should be 
considered to be ' land irrigated with shallow 
groundwater'. When considered in this (quite accurate) 
perspective, agricultu ral options fo r saltland 
automat ically come to mind. 
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TREES F.OR SALl~E 

ENVIRO~MENTS 

Nico Marcar, Roger Arnold, Richard Benyon 

CSIRO Forestry and Forest Products, P.O. 
Box E4008, Kingston, ACT 2604 

ABSTRACT 

Ti·ee growth 011 saline land is influenced by species and provenances used, site facton (e.g. seaso11t1! wt1terloggi11g) a11d 
appropriate mt111t1gement which limit root-zone salt t1cc111111dt1tion. While commercial species rnch as Eucalyptus globulus 
and E. grandis are slightly st1lt-tolert111t, species such as E. occidenralis are highly tolerant. Gro1111dwt1ter use is enhanced 
when wt1ter1t1bles are not too saline (EC < 10 dS/m} and not too deep ( < 4-5 m). There are good prospects to enhance 
tree growth on saline land through exploitation of genetic variation within species such as E. camaldulensis by producing 
improved seed, and also through illler-species hybrids. 

KEYWORDS 

Eucalypts, salin ity, waterlogging, tree improvemenr, groundwater, water use 

INTRODUCTION 

Dryland and irrigation salinicy is a serious problem in 
southern Australia, especially in che 400-650 mm 
average annual rainfall zones. About 3 million ha are 
currently affected and dramatic increases are likely in 
the next 20-50 years. Large-scale tree planting, 
strategically located in both recharge and discharge 
areas, can signi ficantly impact on rising watercables and 
thus reduce the risk of dryland salinisation within 
integrated land-managemenr systems. Reducing 
recharge in dryland a reas may a lso help to lessen che rise 
of wacercables in irrigation areas, dependi ng on in herent 
geological feacures. However, tree plan tings are only 
likely co impact slowly on the hydrology of salt-affected 
land. In order to have substantial effects, plantings will 
need to be adopted rapidly and on a substantial scale 
(e.g. George ec al. 1999). Success will therefore depend 
on such planrings having commercial value (i .e. suitable 
for farm forestry). 

Trees planted in saline areas may help co stabilise 
wacercables, reduce soi l erosion and stream salinicy, and 
provide shelter, shade and d irect economic recurns from 
tree products. Trees planted on salt-affected land or 
above shallow saline groundwater within irrigation 
d istricts can also help to lower wacertables in their 
vicinicy, by reducing recharge or using groundwater. 
Salin icy benefits can a lso accrue by irrigating trees with 

saline drainage waters (e.g. serial biological 
concentration [SBC] approach [Greenslade et al. 1999)) 
or pumped groundwater. Opportunities to grow trees 
commercially and sustai nably are greater where 
groundwater is not too saline (EC < 5 dS/m) and noc 
too deep (with in 3-4 m of soil surface), where soils are 
deep and not constrained by clay and sodic subsoils, 
and where irrigation water is on ly slightly saline (EC < 
2-4 dS/m), especially on heavy- textured soils. 

C hoosing more productive and salt-toleranr species and 
provenances' wi ll substantially improve survival and 
growth rates. T he more common commercial eucalypt 
species and Pinus mdit1ta do noc grow well in sal ine and 
dry environments. Since the majori ty of dryland sali nity 
is found in the 400- 650 rain fall zones, which are 
usually greater chan 150 km from main coastal ports, 
growing trees for short-rotation pulpwood is generally 
noc fi nancially a ttractive. Trees are therefore typically 
grown for firewood, on-farm and sawn timber and non­
wood products such as o ils. Economic recurns from 
growing trees on saline land should be improved if salt­
coleranc and fas t-growing genotypes of commercia l 
species can be identi fied and deployed, and if alternative 
produces, such as biomass (for bio-energy), leaf oil and 
carbon, become econom ically attractive. 

' Provenance is rhe original geographic source of rhc seed; due ro generic adaptation to distinctly different environments, seed of 
d ifferent provenances can vary greatly in performa nce. 
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In chis paper rluee issues are considered wirh respecr ro 
growi ng rrees in saline areas: 

(i) choosing the besr species and provenances; 

CHOOSING THE BEST SPECIES 

Mose currenrly-recognised commercial eucalypr species, 
such as Eucalyptus globul11s (blue gum) and E. gr1111dis 
(flooded gum), are slighrly salr-roleranr. In contrast, 
some species wirh lirrle currenr commercial value, such 
as Ac11ci11 stenophylla (river cooba), E. occidentnlis 
(swamp yacc), E. s11rge11tii (sale river gum) and 
E. sp111h11!11tn (swamp mallerr), are highly sale roleranr. 
Several species, including E. sp11th11!11ta and 
E. occidentnlis, can survive and grow well when irrigared 
wirh saline ware r (e.g. wirh drai nage warer of EC 
- 10 dS/m where drai nage is good [Greenslade e t a l. 
1999]). Inreresringly, E. occidentnlis has recenrly been 

shown ro have promising pulping qualiries (Clark et al. 
1999). 

Derermination of field response ro salinity is cruc ial to 
predic ring likely performance. An exa mple is provided 
in Figure I for £. c11mald11/emis (age 6 years) and 
E. occidentnlis (age 5 years) from collaborarive research 
near Wellington, NSW (Benyon er al. 1999). Whilst a 
I 0% reduction in seem diamerer was found for 
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Figure 1. Response of diameter at breast height 
(dbh) of 6 year old E. cama/du/ensis and 5 year 
old E. occidentalis to increasing root-zone (0-60 
cm) mean salinity (EC. ) at a saline trial site near 
Wellington, NSW (Benyon et al. 1999). The slopes 
of the linear regression lines differed significantly 
(p < 0.01) between the two species. 
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(ii) p rospecrs for genetic improvement; and 

(i ii) porential to influence local hydrology. 

The paper mainly d raws on research resulrs from studies 
wirh eucalypts. 

E. c1111111/d11lemis at an EC of about 2 dS/m, th is 
reducrion occurred at abo'u r 10 dS/m for E. occidentalis. 
Similar responses were found for height and crown 
volu me. Ir is imporranr to refine these rel arionships for 
a range of species and provenances at differenr sites and, 
where possible, ro determ ine responses for variates such 
as biomass and stem volume. Ir is especially important 
ro devise efficient techniques to determine how these 
relarionships are mod ified in 1he field by stresses such as 
wate rlogging. 

Trees need to withstand multiple srresses when planred 
in salt-affected locations, where soils are likely to be 
subject ro seasonal wa1erlogging and sodic/alkaline soils 
(due ro rela1ively high sodium levels). Table 1 (see 
p. 16) provides summary info rmation on likely species' 
responses 10 salt, acidiry, alkaliniry and wa1erloggi ng, 
parrly based on reviewed informarion (e.g. Marcar er al. 
1995, Marcar & Khanna 1997, House er al. 1998), 
results fro m collabo rarive species/provenance evaluation 
trials o n saline sites in NS\V and ocher observa1ions. 

G rowth rares on moderately to highly saline sites are 
usually slow, wirh estimated mean annual incremenr 
(MAI) for stem volume typically ranging from less rhan 
5 m3/ ha/year to about 10 m3/ha/year (e.g. Bennert & 
George 1996). This variation is attrib utable to 
d ifferences among species and provenances, sites, 
plantation age and stocking densiry. 

PROSPECTS FOR GENETIC IMPROVEMENT 

In order ro improve rhe capaciry of parricular species ro 
survive and grow well on saline land , ir is necessary ro: 

(i) evaluare provenances and ind ividual parenr rree 
seedlors (families); 

(ii) selecr promising genotypes; and 

(iii) include chem in a breeding program ro produce 
improved seed and possibly even clones. 

Selecrion ofberrer pe rforming rrees growing on saline 
sires and rheir subsequenr vegerarive p roducrion, can 
produce clones char grow berter rhan unselecred trees 
when planted on saline sites (e.g. for E. camaldulemis 
[Morris 1995]), bur resulrs have been variable. The 
opportuniry for generic improvement rhrough cloning 
is enhanced when the variarion berween rrees 
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Table 1. Suitability of selected tree and shrub species 
climatically suited to farm forestry in southern Australia. 

Salinity Alkalinity Acidity Waterlogging 

Acacia dealbata * 
A mearnsii 

A melanoxylon 

A salisna * •• 
A stenophyl/a • **** •• •• 
Casuarina cunninghamiana 

•• •• •• 
C. glauca • ••• • •• ••• 
C. obesa **** •• • •• 
Chaemaecytisus palmensis 

* • 
Corymbia maculata • • • 
Eucalyptus camaldulensis (northern) • 

•• •• •• • 
E. camaldulensis (southern) 

•• •• • 
E. c/adoca/yx • •• 
E. g/obulus • • 
E. srandis • • •• 
E. Jarsiflorens •• •• • •• 
E. Jeucoxy/on •• * 
E. occidentalis • ••• •• • •• 
E. polybractea •• • • • 
E. robusta • •• 
E. sideroxylon • 
E. spathulata **** • •• 
E. viminalis • 
Grevil/ea robusta 

Melaleuca halmaturorum 

**** •• ••• 
M . uncinata •• • 
Pinus pinaster •• •• 
P. radiata •• •• 
Salinity refers to electrical conductivity of a saturated soil paste of the 
average root-zone (approx. 0-60 cm) • = ECe 2-4 d S/m; •• = ECe 4- 8 
dS/m; ••• = ECe 8-16 dS/m; •••• = ECe > 16 dS/m 

Alkalinity. =pH 7.0-8.0; •• =pH 8.0-9.0; ... = pH > 9.0 

Acidity* = pH 6.0-7.0; **=pH 5.0-6.0; ••• = pH < 5.0 

Waterlogging • = several days; •• = periodically (several days to weeks); 
••• = seasonally (several weeks) 

Significant variation in groW1h is likely among provenances of several 
species, Including those marked with '". 

Only limited information Is available for responses of some species to 
these stresses (particularly acidity and waterlogging) . 
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attributable to root-zone salinity can be accounted for. 
Evidence also suggests that genotypes selected in 
glasshouse screening trials, where major stresses (salt 
and waterlogging) likely to be encountered in saline 
environments are included, should perform better on 
salt-affected sites than those selected fo r salt tolerance 
alone (Bell et al. 1994) . 

As a first step to evaluating the level of genetic variation 
in tolerance to salt and waterlogging of commercial 
species, seedling responses to saline solucions o f up to 
EC 15 dS/m have been tested fo r several provenances 
and famil ies of E. globulus and E. gra11dis under 
glasshouse conditions (Marcar et al., unpubl.). 
Although there was considerable variation in growth 
berween provenances and families, growth reductions 
due to salt and waterlogging were similar am ong them 
(i.e. those that grew best without salt a lso grew best 
with salt) . Heritabilities for early age growth were high 
in both saline and non-saline treatments. At higher 
salinity levels, individual seedlings varied considerably 
in symptom development. Further research is necessary 
to determine if the above results hold under conditions 
of high salinity and in the field . 

The level of genetic variation in survival and growth 
among 113 bulk provenance and individual fami ly 
seedlots of E. cama/dulensis is currently being evaluated 
in duplicate trials at saline sites near Wellington and 
Deniliquin in NSW using the same design (Marcar 
et al. unpubl. data). These trials are not irrigated and in 
both cases trees appear to be using some groundwater. 
Figure 2 illustrates large d ifferences in height growth 
among provenances at age 23 months fo r the 
D eniliquin site (mean root-zone salinity [ECJ of7.3 
d S/m) ; at 3 years, estimated MAI ranged from about 3 
to 9 ml/ha/year among these seed lots. Preliminary co­
variate analysis indicates that differences among 
provenances and families in response to salinity are not 
significant. The m ost productive provenances at both 
sites were from the Lake Albacutya region in north-west 
Victoria . D ifferences in survival among provenances 
were smaller than for growth, although there were large 
differences among families within provenances. 

These trials, and others with different species on non­
sali ne sites, will b e thin ned to leave the most productive 
and best form trees to cross pollinate and produce 
improved seed . In the absence of improved seed, it is 
recommended that the best provenances should be used 
for planting similar sites. T he best provenances at 
D eniliquin perform ed equally well at the less saline site 
near Wellington, which suggests that the capacity for 
growth under non-saline conditions may be a useful 
indicator of growth performance under m oderately 
saline conditions. 
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Data from 2-3 year old field trials on saline sites in 
Western Australia and NSW with hybrid clonal lines o f 
E. camald11lemis x E. globulus (Odie & McComb 1996) 
indicace substantial variatio n in height growth and 
survival, with responses to salinity intermediate between 
parent species Q. McComb, pers. comm.). Clonal 
hybrid lines of E. camaldulensis x E. gmndis arc 
currently being planted on a saline site near Dcniliquin , 

NSW Q. Sasse, pers. comm.). H ybrid technology is also 
being appl ied by CSIRO Forestry and Forest Products 
to produce genotypes better adapted to low rainfall 
conditions. Use of such hybrid clones may provide 
potential for planting of trees with commercial wood 
properties char have substantially improved growth and 
survival in saline and low rainfall environments. 

POTENTIAL TO INFLUENCE LOCAL HYDROLOGY 

Limited information is available on chc ability o f 
different tree species to use grou ndwater of varying 
salin ity and depth (Thorburn 1996) . Altho ugh many 
tree species can continue to use water with an EC of 5-
10 dS/m, only the most salt-toleran t trees such as 
Melaleuca halmaturomm {salt papcrbark) can use highly 
saline groundwater {EC > 20 dS/m) (Mensforth & 
Walker 1996). George et al. {1 999) show that tree 
planting in d ischarge areas was most likely to lower 
watertables if salt concentration was < 5000 ppm (EC 
abouc 8 dS/m) and aquifers were localised. 

Wacer use by eighc year old E. camaldulensis trees has 
been measured using sap flow sensors during summer at 
a rain-fed sice (about 640 mm mean annual rainfall) 

near Wellington, N SW (Benyon et al. unpubl. data). By 
artificially restricting horizontal rooc growch and 
excluding rainfall with shelcers, the contribution of 
groundwater to tocal tree wacer use was d etermined. 
Trees that were drawing on groundwater of low salin ity 
(EC~ 5 dS/m), transpired at a rate of2 mm/day but 
trees that were drawing on highly saline groundwater 
(EC~ 20 dS/m) used only I mm/day. Ind ividual trees 
were able to use shallow groundwater up to 20 dS/m . 
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A few studies have shown that water use per unit leaf 
area or sapwood area is generally comparable between 
species under similar growing conditions, including 
sali ne sites {Morris & Collopy 1999, Benyon er al. 
1999, Marcar et al. 1999). T he depth and spread of 
roots is also important. Salinity and warcrlogging can 
lower water-use of plantations by reducing tree growth 
rares, and hence leaf area, as well as restricting root 
exploratio n. T he large differences in growth rares 
berwccn species chat arc caused by differences in their 
rolerancc to salt, often result in large d ifferences in 
water use per tree and thus per unit land area. 

One potential longer-term problem as trees transpire 
saline water is char salts accumulate in the soil around 
their roots (T horburn 1996) . Current evidence 
indicates char salts can build up during dry periods, 
within or just below rhe zone of actively growing tree 
roots, especially where warertables arc shallow and 
saline. However, if there is sufficient leaching of salts 
during heavy rainfall events, coupled with improved 
drainage and lateral subsurface flow of water, rhe 
potential for salts to accumulate is minimised, especially 
in lighter soils and where watertables are deep. 

E. occidentalis 
(SF NSW source) 

"" 
5 worst provs I 

E. grandls (Coffs 

Figure 2. Height growth at 23 months for a number of provenance and provenance groupings of E. 
camaldulensis, each composed of several families in a provenance-family trial planted on a 
moderately-saline site near Deniliquin, NSW. Within each p rovenance the range of values for d ifferent 
families is represented by a 'bar '. 
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CONCLUSIONS 

Salt-affected sites present harsh conditions for tree 
establishment and subseq uent growth. G rowth 
potential and salt tolerance varies widely among 
eucalypr species, provenances and even fami lies-within­
provenances. Most commercially grown eucalypt species 
are best suited ro areas oflow sali nity. However, the best 

provenances and futu re improved seed sources, coupled 
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ROBUST SYSTEMS FOR SALINE LAND 
challenges in agriculture and conservation 

Glen Walker CSIRO Land and Water and Centre for Groundwater Studies 
PMB 2, Glen Osmond, South Australia 5064 

ABSTRACT 
Addressing d1yln11d snlinity nt dischmge sites is incrensingly 
sm1 ns one of the essential tools far 'living with snit'. This 
pnper discusses the importance of n systems nppronch to 
saline gro1md1vnter dischmge. Such nn nppronch tnkes 
ncco1111t of lnndscnpe hydrology (nnd its relntionship to 
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climnte), snit dynamics, vegetation water use nnd 
vegetation growth pntterm. Understnnding the dynnmics of 
these systems, nnd knowing how to ndnpt ngriculturnl nnd 
environme11tnl 111n11ngement to mnintnin dynnmic 
equilibrium, will be an importnnt pnrt of 'living with snit'. 

Sysrems, living wirh salr, groundwarer balance, salt balance, discharge 

INTRODUCTION 

T here is an increasing awareness rhar recharge control 
may be impractical fo r many areas at risk of salinisarion 
(Walker er al. 1999, Hacron & George 1999). This has 
led to a grearer focus on the 'livi ng with salt' option that 
involves managing saline lands for agriculrure and o ther 

purposes. In adopting chis option, it is imporran t char 
we really understand irs implications and how it affecrs 
our furure. There has been considerable work on the 
esrablishmenr, palatability and productiviry of our 
agricultural systems on saline land (e.g. Jarwal er al. 
1996) and more recent work on water use and salt 
accumulation (Bleby et al. 1997) . H owever, it is still not 
clear whether these agricultural sysrems will be stable, 
even for rhe med ium rerm. This is made even more 
d ifficulr since ofren, even less is known about natural 

SALINITY IS AN UNSTABLE CONDITION 

Catchment groundwater balance 

G roundwater-related sali niry is caused by an increase in 
recharge (water entering the aquifer) caused m ost ofren 
by the replacement of natu ral vegetation with c ropping 
and pasmre sysrems. Under natural conditions, 
catchment discharge (or amount of water leaving the 
groundwater sysrem) approximates recharge resulring in 
hydrological balance. Increased recharge, means rhar 
catchment discharge must also gradually increase unti l 
rhe system is balanced. T his occurs over decades ro rens 
of thousands of years, and is related ro the length of the 
flow path, permeabiliry of the aquifer and the 
groundwater gradient. T he quantiry of catchment 
discharge has little to do with how the discharge areas 
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systems in shallow watertable areas (Froend er a l. l 987, 

Jolly & Walker 1996). 

Srable sysrems require consideratio n of not o nly rhe 
vegetation and groundwater, but also soils, and social 
and wider environmental aspects. This paper conside rs 
only water, salt, plant water use, and vegeration growrh 
requirements and challenges fo r system srabiliry. If 
srabili ry of the hydrology and vegetation can be 
achieved, then superimposition of other attributes can 
also be considered . It is imporrant to recognise tha t 
saliniry itself is an unstable situation and that conditions 
wh ich impinge on discharge areas continuously change. 
T h is paper exam ines the changing environment of the 
d ischarge areas due to saliniry and how this may impact 
on the abiliry to manage chem. 

are managed . Ir is largely a groundwater response to 
recharge. 

Catchment salt balance 

It is commonly assumed rhar under natural conditions 
rhe salt in groundwater systems is in balance (e.g. Jolly 
et al. l 997), but this is less li kely than groundwater 
volume balance. Salt in most areas com es from rainfa ll 
and exits by streams that discharge into the ocean or 
into saline lakes. As groundwater discharge increases, so 
does rhe volume of salt exported from the catchment. 
This 'salt export to import ratio' can increase by as 
much as 20 times after clearing. As salt gradually 
leaches from the catchment, rhe groundwater freshens 
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and a salt balance returns. However, the time scale o n 
which chis occurs is significantly greater than chat 
required for a 'new' groundwater volu me equilibrium. 

Form of the discharge 

Land salinisation results from the aquifer being unable 
to transmit all of the recharge to the natural discharge 
site and saline land occurs along the groundwater 
flowpath, where one or more facto rs (e.g. decreases in 
permeability, thinning or narrowing of the aquifer or a 
drop in groundwater gradient) combine to bring salt to 
the surface. Increasing discharge above the discharge 
capacity of the groundwater system will lead to an 
increase in salinisation and waterlogging. Depending on 
the topography, this increased land salinisation may cake 
the form of an increase in the sali nised area or an 
increased discharge per unit area. 

Simplistically, the average watertable will rise to the 
level where sufficient discharge can occur: on steeper 
land chis can be only a small area with high discharge 
density; in flat terrain it can be a large area with a small 
d ischarge density. 

T here is some evidence that salin ity can affect soil 
properties and chis may lead to lower discharge density. 
A larger sale-affected area would then be needed to 
achieve the required discharge volume. The effect of 
engineering schemes such as surface or sub-surface 
drainage is to decrease the discharge thro ugh the land 
surface by d iverti ng it into streams or disposal basins. 

DISCHARGE AREAS AS DYNAMIC SYSTEMS 

T he slowly evolving processes described above are 
masked by the dynamic processes in discharge areas, 
which can vary in both space and time. Large variations 
also occur in the behaviour of different discharge areas. 

The behaviour of vegetation in d ischarge areas and 
feedback relationships with the hydrology is discussed 
below. Black box trees (Eucalyptus lnrgif/orens) on a 
semi-arid, saline floodplain of the River Murray 
transpired little water: 0.1 - 0.3 mm/d, compared to 
potential evapotranspiracion of 10 mm/d (T ho rburn et 
al. 1993). T his was attributed to the infrequent leaching 
of salt by floods (recurrence intervals 4- 15 years) and 
the low rainfall (- 270 mm/yr) . If transpiration had 
been greater, salt would have accumulated more q uickly 
in the soil zone and the vegetation would have been 
stressed by lack of extractable water. Field investigations 
showed that the trees extracted the less saline water 

from the top layer of the soil Oo lly et al. 1993). T his 
dry layer at only 1-3 m above groundwater would then 
lead to upflow of very saline groundwater. In the 
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Discharge rate 

As groundwater is lost by evapotranspiration, salt is 
brough t in to the soil zone. For a discharge rate of 
50 mm/yr and a groundwater salinity of 5000 mg/I, 
chis leads to an average increase in salinity in the top 2 
m of the soil zone of 500 mg/I/yr (assu ming a water 
content of 25%). For higher discharge rates, shallower 
soils and more saline grou ndwater, chis can be 
substantially increased . Over time, chis can lead to 
increased shallow gro undwater salinities, higher soil 
salinities (and even salt lakes) and increased salt washed 
from the surface. l f the groundwater discharge is 
sufficiently high, seeps can form, leading to gully 
erosion and focus ing of the groundwater discharge in 
those gullies. 

Partition ing the long-term face of salt into either 
groundwater o r salt lakes and streams, largely 
determines the long-term viability of those areas for 
saltland agronomy or conservation of natural systems. 

Flooding 

Discharge areas naturally occur in low-lyi ng areas and 
are pro ne to inundation . As the area of shallow 
watertables increases, so does the p ropensity fo r 
flooding and inundation. As groundwarer becomes 
more shallow, it takes less water to fill the soil store, and 
therefore su rface runo ff occurs earlier. T h is effect is 
further exacerbated by the reduction in vegetative cover, 
which also increases runoff. 

absence of flooding, this sali ne layer would occu r 
throughout the soil zone, so that an extreme dry period 
could then lead to widespread dieback as occurred in 
the droughts of the late 1960s and early 1980s. 

T he River Murray and its anab ranches acted as drains 
for the groundwater system- allowing groundwater 
levels co equilibrate, and salt to leave the floodplain in 

groundwater after floods or wash off during floods. The 
decrease in floods due to development of water storages 
upstream, together with raised groundwater levels due 
to locking has changed the balance berween salt 
accumulation during dry periods and leaching during 
floods. Salt now accumulates for longer periods of time 
to higher concentrations and is leached less frequently. 

In another example, Swamp paperbark (Melaleuca 
hnlmntttromm) in the Upper South Eeast region of 
South Australia transpired reasonable quantities of 
water (1 - 2 mm/d) all year despite the presence of 
extremely saline water (70 dS/m) at only I m depth 
(Mensfo rth & Walker I 996b). T his was attributed to 
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very regular leaching evenrs each year. The shallow 
wacerrable leads to moist soils and very rapid recharge 
by winrer rainfall, the watertables rising to near or 
above the soil surface. After winrer, water levels fall, salt 
accumulates near the soil surface and deeper roots 
d evelop to avoid the saline layer (Mensforth & Walker 
1996a). In the lacer summer, trees are extracting from 
che groundwater, the top of which has been recharged 
during the winter. Regular leaching means there is less 
rime to accumulace salt and the melaleucas can transpire 
water more quickly without fully sal inising the soil. 
T hey have an extreme ability to extract water from 
saline soils with leaf water potentials down to -7MPa 
(compared to E. largiflorem -4 MPa). In this example, 
chere is little ability for salt to be removed from the 
plane- soil system except in salt wash off at the 
beginning of winrer. Consequen tly, groundwater 
salin ities are likely to rise. 

Other salt-tolerant species, such as mangroves 
(Passioura et al. 1992), saltbush (Atriplex spp., Slavich 
et al. 1999), Puccinellia spp. and wheatgrass (Agropyron 
spp. , Bleby et al. 1997) and even lucerne (Medicago 
sativa L., Smith et al. 1995) have some of the same 
characteristics that enable them to adapt to saline 
conditions: 

low transpiration and h ence growth, related to 
the frequency of major leaching events; 

low leaf water potentials; 

dynamic root systems or the ability for 
senescence or lower transpiration. 

Salt removal from the root zone is required for any 
plan t to function sustainably. The above processes and 
these plant characteristics limit the ability of vegetation 
to lower watertables in shallow watertable areas for long 
periods of t ime (Thorburn 1996). 

DISCHARGE AREAS IN AN EVER-CHANGING ENVIRONMENT 

Studies to date give an understanding of the external 
conditions driving the change in discharge a reas and 
that there is little that managemenr in the discharge 
areas will do to change these. There is an improvement 
in understanding of the water-use strategies that salt­
rolerant species use to cope and why some are better 
adapted to certain sal ine conditions than others, but ic 
is scill difficult to understand how robust agricultural 
syscems can be designed for saline areas: 

I. Consider a salt-tolerant species, such as puccinellia, 
thac senesces in ord er to avoid saline conditions and 
emerges when cond itions become fresher. 
Increasingly saline conditions at time of seedling 
emergence will result in poor yields or persistence 
of the pasture. Inspection of the upper south-east of 
South Australia, where drainage is being 
implemented, showed that the interaction of 

surface water and groundwater played a large role in 
the persiscence of puccinellia (Walker & Mensforth 
1998) . This interaction is generally poorly 
undersrood but is likely to affect the cond itions at 
emergence. As salinisation increases, it is not clear 
how sustainable chese pastures will be without the 

CONCLUSIONS 

The above examples are likely to represent only a few of 
the complexities to be encounrered in the d evelopment 
of robust systems for saline areas. Such systems must 
cope wich extreme conditions on top of a gradually 
de teriorating background. T he o nly analogues for 
managing shallow watertable areas are the irrigated areas 

Special Issue: June 2000 

regular flooding that has been a natural feature of 
this region. 

2. The transition of soils from being in constantly 
oxidised conditions to being in alternating 
reducing- oxidising or constantly reducing 
conditions caused by shallow watertables can lead 
to consequences such as changes in soil p roperties; 
and release of iron, sulfur and even heavy metals. 
Export of salt to streams may enable a salt balance 
to be reached, but may also lead to export of 
undesirable elemenrs. It may also affect the ability 
of the roots to penetrate certain sections of the soil 
profile fo r either physical o r chemical reasons and 
h ence limit cheir ability co survive the salini ty. This 
is believed to be che case ac a study site where the 
melaleucas died (Mensforth 1996). 

3. Extreme climatic events play a large role in shallow 
watertable areas. Large rain events can lead to 
expansion of shallow wacerrable areas and extreme 
droughts can lead to large areas of d ieback and the 
development of extremely saline conditions. T his 
variabili ty is a key characte ristic of Australia's 
climate, and results in large variations in the 
condicions wich which plants must cope, including 
soil salinities, available water and waterlogging. 

of the Murray-Darling Basin. In these a reas, sub­
surface drainage and groundwater pumping are required 
to conrrol watertable levels, and have become 
economically feasible. Disposal basins and export of salt 
into the river systems are required for a salt balance. 
Even with engineering schemes, ic is unclear for how 
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long these areas will remain stable. It is generally 
thought that such engineering options can only be 
ap plied sporadically in d ryland areas due to the 
economics of the agriculture, practicalities d ue to 
topography and lack of suitable d isposal po ints. Also, 
the greater complexities in topography and geology 
mean that long-term management of these areas will be 
complex. Our ability to adap t to a slowly-changing 
grou ndwater systems and h igh ly variable climate will be 

REFERENCES 

Bleby, T.M., Aucote, M ., Kennett-Smith, A. K., Walker, 
G .R. & Schach tman , D. P. 1997, 'Seasonal water 

use responses of rail wheatgrass (Agropyron 
elongatum (Host) Beauv.) in a saline environment', 
P/11111, Cell 1111d E11viro11 111e11t vol. 20, pp. 136 1-
137 1. 

Froend, R.H ., H ed die, E. M., Bell, D .T. and McComb, 
A.J. 1987, 'Effects of sali nity and waterlogging on 
the vegetation of Lake Toolibin, \'(/estern Australia', 
Austmli1111 Joumnl of Ecology, vol. 12, pp. 28 1- 298 

Hatton, T.J., & George, R.J. 1999, Evaluation of the 
WA Salin ity Action Plan. (pers. comm.). 

Jarwal, S.D., Jo lly, l.D. & Kennett-Smith, A.K. 1996. 
The snlt-tolemnt gmsses Pucci11elli11 (Pucci11elli11 spp.) 
1111d tall wheat gmss (Agropyron elongntum}: A 
litemlltre mrvey of their snit tolemnce, establishment, 
water 11se nnd productivity, CSlRO Division of 
Water Resources Technical Memorandum 96.7. 

Jolly, l.D ., Walker, G.R., and T ho rburn P.J . 1993, 'Sal t 
accumulatio n in semi-arid floodplain soils with 
implications for forest health', j oum11/ of Hydro!OKJI 
vol. 150 , pp. 589- 6 14. 

Jolly, l.D ., & Walker, G.R. 1996, 'Effects of river 

management on the hydrology and hydroecology of 
semi-arid/arid floodplains', in Floodpl11i11 Processes, 
eds M. Anderson, D.E. Walling & P. Bates, 
pp. 577-609, Wi ley, C hichester. 

Jolly, l.D., Walker, G .R., Dowli ng, 1~ 1 ., Zhang, L., 
Morton, R. & W illiamson , D. R. 1997, 
' Reconstructi ng historical salt balances and stream 
sali nity trends in catchmenrs of the Murray-Darl ing 
Basin, Australia', in Proceedings of Hydrology and 
W'nter Resources Symposium, pp. 423- 28, Auckland , 
24- 28 November, 1997. 

Mensfo rch, L.J . 1996, 'Water use strategy of Melnleucn 
h11lm11turomm in a saline swamp', T hesis fo r Doctor 
of Philosophy, Botany Department, University of 
Adelaide, South Australia. 

Mensforth, L.J. & Walker, G .R. l 996a, 'Root dynamics 
of Melnleucn h11l11111t11rornm in respo nse to 

22 

one of the challenges fo r the next hundred years. G iven 
that estimates fo r the area of salt-affected lands may be 
30% of the agricultural landscapes, it is imperative that 
we understand what will happen to th is land. Our 
innbility to den/ with this mny lend to dev11st11tio11 of some 
of these lr111dsc11pes, with incrensed sw lded mws, erosion, 
weed i11Jest11tio11, irreversible d1111111ge to our soils, 
deteriomtion ofwnter qunlity 1111d i11evi111bly 11 lnrger 11re11 
of s11lt-njfected lnnd 

fluctuating saline g roundwater', Pinnt 1111d Soil, vol. 

184, no. l , pp . 75- 84. 

Mensforch , L.J . & Walker, G. R. l 996b, 'Water use of 
Melnleucn hnl11111t11roru111 in a saline swamp', in 
Proceedings of 1he 4th N11tio11nl Conference nnd 
\Ylorkshop 011 the Productive Use and Rehabilitation of 
Saline l1111ds. Albany, W.A., pp. 279- 254, 25- 30 
March. 

Passioura, J .B., Ball , M .C. & Knight, J.H . 1992, 
'Mangroves may salinisc che soil and in doing so 
limit their transpiration race', Fu11ctio1111/ Ecology. 
vol. 6, pp. 476-48 l . 

Slavich, l~G., Smith, K.S., Tyerman, S.O. & Walker, 
G.R. 1999, 'Water use of grazed salt bush 
plantations wich a shallow watertable', Agricultuml 
'Xlnter Management vol. 39, pp. 169- 185. 

Smith, D .J. , Meyer, W.S., Barrs, H.D. & 
Schwamberger, E.C. 1995, Effects of soil type and 
groundwater s11/i11ity 011 luceme crop daily wnter 
uptnke and cnpillary 11pjlow in weighing lysimetm 
fi'om 1990 to 1993. CSIRO D ivision of Water 
Resources, Technical Memo, CSIRO Division of 
Waccr Resources, Canberra. 

Thorburn, l~J . 1996, 'Can Shallow Watertables be 
Co ntrolled by che Revegeta tion of Saline Lands?' 
Australian Jo urnal of Soil & Water Co nservation, 
vol. 9, no. 3, pp. 45- 50. 

T horburn, P.J .. H atto n, T.J. & Walker, G .R. 1993, 
'Co mbining measurements of transpiration and 
stable isocopes of water to d etermi ne groundwacer 
discharge from forests', Journal of Hyd rology, vo l. 
150 , pp. 56 3- 587. 

Walker, G.R. & Mensforth , L.J. 1998, M11nngi11g 
drylnnd salinity in the Upper South Enst: impliwtions 
of some recent gro11ndw11ter studies, CS! RO Land and 
Wate r. 

Walker, G ., Gilfedder, M. & Williams, J. 1999, 
Effectiveness of Current Farming Systems in the 
Control of D1yl1111d Snlinity, CSIRO Land & Water. 

Natural Resource Management 

l 



... Pyramid Salt Pty Ltd 
Qurham Ox Ra, Pyramid Hill, Victoria 3575 

Bruce Munday t..DSP Communications Coordinator (SA) 
P.O. Box 375, Mt Torrens, South Australia 5244 

ABSTRACT 

Snit, one of the world's oldest commodities of trade, is being hnrvested from a groundwater system that hns threntened to 
destroy the regional agriculture. Groundwnter pumped from a shnllow snline aquifer is evnporated and the s11/t tre11ted to 
produce a high grade product, whilst horticulture hns been returned to the land previously affected by the snit. This paper 
discusses the integration of snit extrnction and land reclamation along with other opportunities for innovntion. 

INTRODUCTION 

Prior to European occupation, the billions of tonnes of 
salt in the Murray-Darling Basin were stored in the 
geological profile. However, the introduction ofland 

clearing and inefficient irrigation methods by European 
settler farmers increased recharge to the groundwater 
systems. Consequen tly the waterrables have risen and 
mobilised the previously dormant salt. T he result has 
been the sali nisation oflargc volumes of groundwater 
and an increased discharge of natural and induced saline 
water to the rivers, lakes and agricultural land. 

W hen sali ne waterrables reach within about I m of the 
ground surface, capillary action causes the salts ro be 

LOWERING WATERTABLES 

The first line of attack in loweri ng waterrables is to 

reduce recharge of the groundwater system. However, 
the diffuse nature of recharge in many landscapes and 
the widespread replacement of native vegerarion wirh 
' leaky' agricultural systems, often makes it almost 
impossible to control salinity at its cause (Walker et al. 
1999). 

Addressing salinity at discharge sites deals only with the 
symptom of the problem. However, inc reasingly there is 
recognition that living with salinity is a price that must 
be paid. Saltland agronomy using salt-tolerant trees or 
pastures not only has the poten tial to control or even 
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drawn to the surface, thus accu mulating through 
evaporation in the topsoils. Depending on the 
concentration of these accumulated salts in the topsoil, 
they can result in degradation ranging from reduced 
productivity to the inability of the soil to support any 
vegetation at all. 

It has long been recognised tha t this salinisation process 
could be reversed by lowering and maintaining the 
watertable to below 1.5- 2 m. As a result, many small 
and large projects have been undertaken to address the 
problem of lowering the watcrtable and so recla iming 
the land. 

lower rhe waterrable, it also utilises the resource for 
production . However, Thorburn ( 1996) has shown rhat 
revegetaring saline lands has a significant effect on 
warerrables only if the d epth to groundwater is 
relatively great (> 3 m) and of low sal ini ty (EC < 10 dS/ 
m) and the soils are fine textured. 

Thorburn ( 1996), and Walker and Mensforrh ( 1998) 
have also cautioned that salt accum ulation in the plant 
root zone reduces groundwater uptake and may 
eventually lead to plan t death unless the salts arc 
leached away. 
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Lowering of watertables can also be achieved by 
pumping or by deep drainage. The problem that arises 
is the disposal of saline water pumped to the surface or 
drained from the site. Disposal of water into the river 
systems is out of the question as these systems are 
already under threat from high salt loading. 
Evaporation basi ns are most effective in disposal of 

TURNING ADVERSITY TO OPPORTUNITY 

Approximately 50% of John Ross' property at Pyramid 
Hill was affected by dryland salinity. However, the salt 
which imposes such a restriction on agriculture and is so 
damaging to the environment is also a potentially useful 
resource. 

Salt is widely used in industry, food preparation, 
pharmaceuricals, and animal husband ry and has an 
annual global consumption of approximately 190 
million tonnes. While Australia does export salt, it is 
also an importer of high-grade salt. T his represents an 
opportunity on sites where the hydrological conditions 
favour efficient d elivery of saline grou ndwater and 
where climatic conditions enable efficient extraction of 
sale. 

After iden tification of saline water-bearing ribbon sand s 

under the property at Pyramid Hill, a research and 

saline waters but in many projects undertaken to date 
they have been ineffectual as a long-term management 
tool. The main reasons for the ineffectiveness are capital 
and running costs, and a lack of sustainability due to 
accumulation of unsalable salts in the basins or leakage 

from systems that basically transfer the problem from 
one location to another. 

development program was instigated. T he company, 
Pyram id Salt Pty Ltd, was formed as a vehicle for this 
research and development with the following objectives: 

to marry together the known tech nologies of 
solar salt production and underground pumping 
for land reclamation; 

to develop a sustainable evaporation system 
which was self-funding through the production 
of salt of satisfactory quality for the commercial 
market; 

ro develop manageable systems that were small 
enough to be placed 'on farm' and that could be 
strategically located to benefit the environment 
and farming communities; 

to develop new aquaculture techniques within 
these evaporation systems. 

ONE INDUSTRY'S WASTE IS ANOTHER'S RESOURCE 

Preliminary research and development revealed a 
number of factors supporting commercial salt recovery: 

high salt concentration (approximately 50 dS/ 
m or 35 000 ppm) in groundwater close to the 
surface; 

suitable groundwater chemical composition to 
permit fractionation of desired salts; 

reasonably permeable sands with saline water 
bore yields of at least l Lis; 

a climate suitable for extraction by 
evaporation- the selected site must be in an 

area where net evaporation is positive. T he 
Pyram id Hill area has a gross evaporation of 
1424 mm, rainfall 374 mm and net 
evaporation of 1050 mm. 

C hemical analysis of the water also revealed 
commercially-valuable salts (e.g. magnesium, potassium 
and bromide salts) as well as sodium chloride. 

T he evaporation ponds are all lined with polythene to 
prevent leakage. T his imposes a considerable capi tal 
cost, particularly as the polythene is easily perforated by 
hard lumps of dry clay, however it is an essential step to 
protect the environment. Salt evaporation pans are also 
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generally very large as the rate of recovery is 
approximately proportional to the surface area but 
inversely proportional to the depth of water. The 
challenge at Pyramid Hill has therefore been to develop 
an efficient system on the smallest possible area. 

Leakage is minimised by locating evaporation ponds 
adjacent to the bores. Whatever leakage does occur is 
then recovered again by the l 5 pumps which deliver a 
l ML/day of saline water to the 20 ha system of ponds. 

Gravity takes the water through the series of ponds 
where initially algae is used to scavenge nutrients from 
the water. T he algae is consumed at a later stage by 
brine shrimp which can be harvested and marketed as 
fish food. Other biological processes are used to strip 
out unwanted compounds and elements such as 
carbonates, iron and other metals, most of which do 
not have commercial value. 

The hypersali ne solution from the last evaporation 
pond passes to a crytalliser pond where crystals of salt 
come our of solution, are gathered up with a front-end 
loader and are taken away to be washed in brine. The 
salt is then redissolved and finally recrystallised in poly 
tunnels as high purity sodium chloride. 
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At this stage aquaculture has not been integrated into 
the program (other than to market brine shrimp as fish 

THE COMMERCIAL PRODUCT 

It has taken over three years to develop a fully­
operational production system and establish viable 
markets. 

In 1999 Pyramid Salt Pry Ltd harvested 2500 tonnes of 
salt ranging in value from $100 to $300 per tonne. T he 
production target is 5000 tonnes per year. Salt of the 
highest grade is used in pharmaceuticals and food 
processing, while lower grade salt finds its way into 
stock feed and supplements. The viability of the 
business is brought abo ut by adding value to the salt 
produced and sourcing new markets fo r import 
replacement and export. 

The evaporation ponds system has the potential for 
integration of a salini ty gradient solar pond. A salinity 

IMPACT UPON THE WATERTABLE 

Pumping has lowered the wacertable from 
approximately 0.5 m below the surface to about 6 m. 
T he soil profile still carries salt which is gradually being 
leached down in to the groundwater and which would 
present a problem if this water was to be used for 
irrigation. However, because it is to be harvested for 
salt, it is an asset. 

The reduction in soil salini ty has allowed reclamation of 
m uch previously-scalded land fo r agriculture. Clover 
and grasses have reappeared on what was bare ground 
and commercial vegetable crops are being grown and 
sold into Melbourne. 

Lowering saline wacertables, as a result ofland 
management, is a relatively new phenomenon in 
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food) since the nutrient levels associated with 
aquaculture would compromise the main objective of 
producing high purity salt. 

gradient solar pond is a shallow body of saline water 
several metres deep and set up so that there is increasing 
salinity with depth. Solar radiation entering the pond is 
stored as heat in the lower layer. This heat (raisi ng the 
temperature to 80°C) is then available on a 24-hour 
basis. RMIT University, Geo-Eng Australia Pry Ltd and 
Pyramid Salt Pry Ltd, with a grant from the Australian 
Greenhouse Office Renewable Energy 
Commercialisation Program, is establishing a 3000 
cubic metre pond to d emonstrate and commercialise 
the system, generating heat for a range of industrial 
purposes including power generation. 

If the design principles and management practices can 
be satisfactorily refined it might be possible to power 
the whole pumping and sale manufacturing process 
from the captured solar energy. 

Australian landscapes and there is some uncertainty as 
to the effect this m igh t have on the soil chemistry 
(Fitzpatrick et al. 1996). Rainfall leaching salts from the 
upper profile may lead to a high concentration of 
sodium ions in the exchange complex. T he resulting 
sodic soils would display characteristically undesirable 
properties such as poor strucwre and susceptibili ty to 

waterlogging and erosion. T hese problems are most 
likely on clay soils and can possibly be ameliorated with 
the application of gypsum. 

Given this proviso, there is considerable potential to 
reclaim saline land while producing a valuable by­
product, parcicularly on relatively small areas that might 
then be used fo r high value intensive agriculwre. 

Walker, G. Gilfedder, M. & W illiams, J. 1999, 
'Effectiveness of current farming systems in the 
control of dryland sali nity', CSIRO Publ ishing. 

Walker, G. & Mensforch, L. 1998, 'Managing dryland 
salin ity in the Upper South East: Implications of 
some recent groundwater swdies', CSIRO 
Publishing. 
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THEY ARE DRAINED? 
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ABSTRACT 
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Drainage of saline soils is one option for the agricultuml or ecological restomtion of saline discharge areas. Howeve1; the 
biogeochemical and physical processes that are taking place in s11t1m1ted, saline soils will V(//J depending on soil type, 
nature of groundwaters and period ofsatumtion. Serious environmental consequences, such as a marked decrease in soil 
permeability, soil structuml change, increased erosion, a reduction in water quality 11nd, in the worst instance acid-mlfote 
conditions may ocrnr within a few days if these soils 11re dmined. Howevei; some s11line soil types are more resilient, might 
ch1111ge veiy slowly or not 11t all, and may be recl11imed for productive we. 

KEYWORDS 

Saline, sodic, acid sul fate, drainage, water 

INTRODUCTION 

Salt-affected soils fo rm und er different environ mental 
cond itions and have diverse morphological, chemical, 
physical and biological properties. These soils can be 
grouped based on the types of electrolytes causing the 
sali nity, or on their chemical and physico-chem ical 
properties (Szabolcs 1991): 

salt con tent, salt compositio n, and salt 
distribution in the profile and, in some cases, 
also in the groundwater; 

exchangeable sodium percentage and sodium 
adsorption ratio (sodic soils) ; 

pH conditions and the existence of sod ium 
carbonate (alkaline sodic and sal ine soils). 

Much work has been do ne on the hydrogeology of 
d ryland saline areas and soil sodicity but there is little 

DEVELOPMENT OF SALINE SOILS 

'Natu rally saline soils' in Australia a re extensive. T he 
'secondary saline soils', which form fo llowing land 
clearing a re more closely associated with processes 
lead ing to d ryland salinity. In Australia, m ost saline soils 
conta in chlo ride as the dominant an ion and sod ium the 
do minan t cation (Figure I a) . T he accumulation of this 
stored salt is generally believed to originate from the 
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published work on the biogeochemical and physical 
properties or processes occurring in sali ne soils. One 
reason fo r the lack of data is that saline soils, 
traditionally, have not been considered as 'agricultural 

productio n soils'. T here is also little published 
info rmation on the reversibility of these changes as 
saline soils a re drained and may develop in to sod ic soils. 

T he objectives of this paper are to briefly discuss: 

development of boch natural saline soils and 
those resulting from changes in land 
management (including potential saline, acid 
sulfate soils); 

changes in saline soils caused by d rainage and 
resulting in development of sodic soils 
(includ ing actual acid sulfate soils). 

ocean via rainfall and mari ne deposition in earlier 
geological periods (Isbell et al. 1983). Following the 
clearing of upland areas, saline seepages d evelop rapidly 
on slopes because of rising saline groundwater tables. 
W hen saline soils dry out, halite (sodium chloride) is 
often the main sale efflorescence fo rmed (Figure I a). 
However, there is little in formation available on the 
nature of the soils and the salts that they contain. 
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Changes in salinity and development of 
sodicity 

Sodic soils are believed to have d eveloped from saline 
soils by fresh water leaching. 'Secondary sodic soils' arc 

known to develop from the drainage of saline soils 
(Figure I b). However, the formation of'natura lly sodic 
soils' is m ore uncercain because they could have formed 

directly from the weathering of cercain parent materials 
thousands of years ago and may not necessary have 
developed from a sali ne soil (Isbell et al. 1983) . A case 
study conducted in the Mt Lofty Ranges (South 
Australia) has illustrated that a sodic soil, with an 

exchangeable sodium percentage > 15%, can develop 
from a saline soil (EC >8dS/m) when it is drained 

following the formati; n of a nearby erosion gully 
(Figure I b, Fritsch & Fitzpatrick 1994). T hese studies 
have demonstrated the important interrelationships 
be tween salini ty and sodicity in the context of soil­
water- landscapc processes and the flocculation and 
dispersion of clay particles (Fitzpatrick ct al. 1994). 

Changes in the mobility of colloids and clays 

Freshwater rhroughflow in loamy or sandy surface 
horizons of drained saline soi ls in d ischarge areas leads 
ro 1he development of sodic layers and to lateral 
m ovement of colloids into streams (Figure I b, 
Fitzpatrick et al. 1994). Such processes usually 
predominate in texture contrast soils (duplex soils) in 
which dense sodic columnar Bm horizons thar restrict 
the downward movement of warer occur. Th is 
constraint to infiltration leads to waterlogging, runnel 
erosion and enhanced lateral movement of water as 
surface runoff and as shallow groundwater flow in 
slop ing land. Eventually a saline scald is fo rmed 
(Figure l e) . 

Development of potential acid sulfate soils 

In several parts of Australia the codominant anion in 
saline groundwaters and soils is sulfate (Figure 2a, 
Fitzpatrick et al. 1992, 1996). Other anions and cations 
may include iodide, bromide, magnesium, boron and 
arsenic. These saline soils are associated with geological 
formations that contain sulfur (i .e. pyrites or sulfate 
salts) and saline sul fate- rich groundwaters (EC 6- 13 
dS/m). Flowing preferentially through vertical cracks 
and old root channels, the sulfate-rich groundwaters 
seep under pressure to the soil surface where 'potential 
acid sulfate soils' (pH>6) develop. These saline soils 
have distinctive, black coloured blotches that are often 
smelly and soggy because of the presence of sulfidic 
materials. If the water is evaporated, several types of salt 
effiorescences and iron oxide gels remain on the soil 
surface (Figure 2a) . This can result in a large build-up 
of minerals including gypsum (CaS04), halite (NaCl), 
thenardite (Na

1
S0

4
), mirabilite (Na

2
50

4
. 1 OH

2
0) and 

iron oxides (ferrihydrite) . T hese accumulated, soluble 
salt m inerals and iron oxyhydroxide minerals arc useful 
indicators of the soil- water processes operating in these 
landscapes and provide possible management strategies 
for reclaiming such salt-encrusted spots, where only 
salt- tolerant vegetation will grow (usually sedges and 
rushes) . 

Changes in potential acid sulfate soils and 
development of actual acid sulfate soils 

If the waterlogged 'potential acid sulfate' soils are 
disturbed or drained and exposed to rhe air, sulfuric 
acid fo rms and soil pH can drop below 4 (Fitzpatrick er 
al . 1992, 1996). Also, soil pores become clogged with 
clay and various types of iron oxyhyd roxid es form 
(e.g. schwertmannite, natroja rosite or sideronatrite-

Figure 1. Transformation of a saline soil via a sodic soil to a salt scald. 
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depending on pH and redox conditions) . Consequently, 
dependi ng o n the soi l texmre, organic matter content 
and concentration of ions, different types of 'actual' acid 
sulfate soil layers form (e.g. Figure 2b). Because the soil 
becomes clogged and less permeable, the sulfate-rich 
groundwater, which is under pressure, moves side ways 
or upslope with consequent redevelopment of the cycle 
of formation of potential acid sulfate soils (Figure 2b). 
T hese soils are unstable and erode easily, leaving 
cemented soil layers, which are relatively resistant to 
erosion (Figure 2c). T he processes give rise to saline 
scalds, erosio n gullies and poor water quality in streams 
and dams (Figure 2b) . 

T hese highly-degraded soils are difficult to rehabili tate 
because they are acid ic, contain high levels of salts, 
pyrites and iron oxides, are seasonally strongly 
waterlogged and are of low fe rtility status (high 
phosphate-fixing soils). Consequently, new methods for 
both identifying and treating these soils will have to be 
developed in order to tackle this problem of national 
significance. Management requi res the control of 
groundwater, stock exclusion, improvement of drainage, 
liming and revegetation . 

Changes in decomposition and transformation 
rates of soil minerals 

When the saline soils undergo changes, salt 
effiorescenses on the soil surface arc dissolved (Figure 
I b). At depth in the sodic soils, where saline 
grou ndwater discharges through the subsoil clay layer 
into the gully, salt crystals develop causing the banks to 
erode (salt weathering, Figures I band I c). As shown in 
Figures 2a and 2b, when the potential acid sulfate soils 
undergo changes, different salt and iron minerals fo rm 
because of differences in pH and salt concentrations 
(Fitzpatrick et al. 1996, Fitzpatrick & Self 1997). In the 
final stage of the acid sulfate soil formation a hard soil 
layer remains with o nly few salts (Figure 2c). 

The acidification process accelera tes the d ecomposition 
and fo rmation of minerals in the soils and underlying 
rocks, and causes an increase in salinity and carbonate 
fo rmation (Fitzpatrick & Merry 1999) . W here these 
processes have surface expression they develop into 
unsigh tly scalds devoid of vegetation and contribute to 

poor quality catchment water. 

Figure 2. Transformat ion of saline potential acid sulfate soil to degraded actual acid sulfate soil. 

Sulfidic 
saline 

Saline 
&sulfatic 

Undrained 
potential acid 

sulfate soil (ASS) 

Gypsum & ferrihydrite -
SO,, Na• 
Cl', Mg .. 

(a) 

pH>6.5 

p H>8.0 

Downslope drainage/erosion 
Actual acid sulfate soil, 

expansion of potential ASS 
upslope 

-Gypsum& 
p::s=~.:s:::s;~ schwertmannite 

SO., Na• 
Cl', Mg .. 

(b) 

Sulfidic saline 

pH<4.0 

.. Saline & sulfate 
rich 

pH>8.0 

Upslope drainage/ 
erosion 

Actual ASS remnant 

-t . 
+ 

-....... 

' 
SO,, Na' 
Cl', Mg .. 

(C) 

Few salts 

Hard cemented 
Impermeable layer 

Leached sodic clay 

pH.8.0 

I Marker used as reference to show position of movement of erosion and expansion of seepage area 

28 

~ Fractured 
rock 

D Perched wetland/ 
saline spring 

Saline discharge water with Na', G , so·-., 
Mg" &Fe " 

Natural Resourc e Management 



Changes in greenhouse gas emissions 

Saturated, saline soils are potential sources of 
greenhouse gases rhar have nor been adequately 
researched. In a recent srudy of an area of abour 80 km2 

in Sourh Australia, Firzparrick er al. (1999) used GIS 
methodology ro esrimare rhar more rhan 10% of rhe 

area was strongly waterlogged and poorly drained, and a 
furrher 27% periodically waterlogged. A high 
proportion also consists of saline discharge a reas or 
porenrial acid sulfate soils. Depending on seasonal 
co nditions, redox srarus and rhe nature of groundwarers 
(sulfidic, sulfaric or oxygenated), greenhouse gases such 
as C0

2
, N

2
0 and CH

4 
may be emirred . Drainage of 

rhese sires may decrease production of rhese greenhouse 
gases (Firzparrick & Merry 1999). 

Changes in soil physical properties 

Because clays are flocculated in saline soils and potential 
acid sulfate soils, and have high organic carbon from 
saline vegetation, their hydraul ic conductiviry is 
expected to be relarively high (>0. 1 m/day). The 
drained sodic soi l, which has dispersed clay, low organic 
marrer (from little vegetation) and is hard, has much 
lower hydraulic conductiviry. C hanges which occur 
when an actual acid sulfate soi l forms (Figures 2b and 

CONCLUSIONS 

The processes that fo llow drainage of saline soils are of 
national significance and rhe understanding of these 
processes needs ro be improved. Also, large areas of land 
wirh shallow saline warerrables are being revegetared 
bur rhe consequences of changes in soil chemical and 
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