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About this report 

The main part of this report has been written as a draft scientific paper, which 

follows. The paper has yet to be peer reviewed, but contains many of the key results and 

interpretations. The executive summary below (reproduced abstract) should be read in 

conjunction with the additional recommendations given here below it. 

Executive summary 

Old Man Saltbush (Atriplex nummularia, “saltbush”) has been widely planted as an 

alternative use for unproductive, generally high clay, saline land in the Mallee. The 

study aimed to measure the effect of saltbush on soil, whether soil had been improved 

and might be suitable for reintroduction of cropping in future, and whether plantations 

might be sequestering carbon. Hypotheses were that saltbush would redistribute salts 

from depth to surface via deposition in leaf-fall or in urine after grazing. Deeper rooting 

under saltbush may also leach the salt ‘bulge’ under the annual cropping rootzone.  

Electromagnetic (EM38) surveys of plantations and adjacent paddocks were used to 

locate areas where soil cores on saltbush row, inter-row, and in paddock would not be 

affected by spatial trends. Soil samples to 1.35 m were analysed for soil water, EC1:5, 

extractable cations, soluble chloride, organic C and total N. The EM38 surveys showed 

that saltbush plantations had often lowered apparent EC, which was partly related to 

changes in soil EC1:5 and partly related to changes in bulk density. Soil water had no 

significant effect on apparent EC besides the correlated effect on EC1:5.  

Soil measurements showed a significant trend for soil water to decline at 10.4 (±3.6) 

mm/year since planting. Soil EC1:5 was lower in the oldest (8 year) plantation, but is 

likely to also be affected by yearly rainfall variation. Compared to paddock soils, 

extractable sodium, calcium and soluble chloride all decreased at a consistent rate (0.20-

0.22 cmol/kg/year) implying leaching below the measured depth (1.35m). There was a 

gradient in sodium, calcium and chloride from surface to depth, implying translocation 

within the measurement depth. The gradients of sodium and potassium were shallower 

or curved, implying deposition from leaf fall or livestock excretion at the soil surface. 

Changes were summarised in a conceptual model. 

There was no trend for a change in organic carbon, but total nitrogen was higher up to 

4 years after planting, implying access to leached nutrients. From 5 years of age 
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onwards, total nitrogen was lower under plantations, possibly because of nutrient 

removal by grazing. 

The greatest effect of saltbush plantations on Mallee soils (relative to adjacent 

paddocks) has been drying. Reduced salt may occur in older plantations, but soil drying 

would inhibit the reintroduction of annual cropping unless there were above-average 

rainfall years or a fallow period. Displacement of calcium in surface soils by sodium 

may negatively affect soil structure in the long-term. Net carbon sequestration may be 

possible in saltbush plantations but may be prevented by redistribution of nutrients 

associated with livestock grazing. Farmers may find EM38 a useful tool to assist with 

locating saltbush plantations, as some were on relatively good soil, and some paddocks 

contained highly constrained soil that was not part of existing plantations. 

 

Additional recommendations 

Implications for NRM works programs 

There are three main implications for NRM works arising out of this project: 

1. Saline soil remediation programs should be sited using EM38 surveys and 

some record of crop production (yield or NDVI maps), if the aim is to 

efficiently change the land use for land that is saline in the root zone, while 

leaving less saline land in a productive use (eg. Annual cropping). EM38 

surveys will not be fool-proof, for example they tend to under-estimate 

salinity along borders with existing perennial vegetation, hence the 

recommendation for augmenting EM38 information with yield or NDVI (or 

farmer experience). Paddock EM38 surveys would also allow farmers to 

consider best design of plantations for future expansion, in the case that the 

threshold for ‘productive’ land use changes.  

2. Plans for saltbush plantations that aim to remediate saline land or sequester 

carbon need to consider the impact of redistribution within the plantation by 

livestock grazing and excretion. Fencing and water arrangements may need to 

change to achieve genuinely useful improvements in soil condition and carbon 

storage. Further studies are probably required to understand the habits of 

livestock grazing saltbush plantations, and how this affects salt movement and 

redistribution of nitrogen and carbon. 
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3. This study did not find significant differences between soil under the saltbush 

canopy, and soil from the plantation inter-row. These differences may exist 

but be too small to measure with the level of precision used in the study. 

Alternatively, row spacings in these plantations (5-10m) seem to be sufficient 

to achieve soil change on average across both row and inter-row. This study 

does not advocate wider spacings, but it seems that a row spacing that is 

compatible with practical management is also able to achieve the desired 

NRM benefits.  

Recommendations for future investment 

This is one of the first studies of its type, and as such the options for further work 

seem endless. Given that the saltbush plantations are reducing soil salinity and potential 

recharge, while simultaneously reducing erosion and producing a potential income with 

the potential for carbon sequestration, it seems logical to persist with them in the 

absence of better alternatives. This study has also identified plantation design as a 

potential limit to maximising the benefits of saltbush plantations. The next major area 

of research investment should target the plantation as a whole: 

1. Understand the habits of livestock grazing saltbush in plantations (with or 

without supplementary food), how they interact with soil type (and hence 

variable feed quality across the plantation), and hence how nutrients and salt 

move within the plantation. 

While saltbush plantations seem to be the best current option for these areas, they are an 

expensive investment and inflexible from a farmer viewpoint. If, with climate 

variability, wet years were to return, much cropping income and accumulated nutrient 

would be forgone on these areas. Farmers and advisers are now considering alternative 

land uses that may achieve some of the same results, while retaining flexibility. These 

deserve study: 

2. Trial annual crop-based approaches to maintaining cover, improving 

production and soil on these soil types, as an alternative to saltbush 

plantations. The current favoured approach is to sow barley early (March to 

mid-April), with weed control but without fertiliser, on a continuous cropping 

rotation. This gives a good chance of establishment (often a problem with 

conventional sowing times), an opportunity to overcome the lack of fertiliser, 

and guaranteed biomass production unless there is a dry winter. 



7 

Draft paper: Soil change under saltbush in the Mallee 

Ben Jones 

Mallee Focus, ben@malleefocus.com.au 

Abstract 

Old Man Saltbush (Atriplex nummularia, “saltbush”) has been widely planted as an alternative use for 

unproductive, generally high clay, saline land in the Mallee. The study aimed to measure the effect of 

saltbush on soil, whether soil had been improved and might be suitable for reintroduction of cropping in 

future, and whether plantations might be sequestering carbon. Hypotheses were that saltbush would 

redistribute salts from depth to surface via deposition in leaf-fall or in urine after grazing. Deeper rooting 

under saltbush may also leach the salt ‘bulge’ under the annual cropping rootzone.  

Electromagnetic (EM38) surveys of plantations and adjacent paddocks were used to locate areas where 

soil cores on saltbush row, inter-row, and in paddock would not be affected by spatial trends. Soil samples 

to 1.35 m were analysed for soil water, EC1:5, extractable cations, soluble chloride, organic C and total 

N. The EM38 surveys showed that saltbush plantations had often lowered apparent EC, which was partly 

related to changes in soil EC1:5 and partly related to changes in bulk density. Soil water had no 

significant effect on apparent EC besides the correlated effect on EC1:5.  

Soil measurements showed a significant trend for soil water to decline at 10.4 (±3.6) mm/year since 

planting. Soil EC1:5 was lower in the oldest (8 year) plantation, but is likely to also be affected by yearly 

rainfall variation. Compared to paddock soils, extractable sodium, calcium and soluble chloride all 

decreased at a consistent rate (0.20-0.22 cmol/kg/year) implying leaching below the measured depth 

(1.35m). There was a gradient in sodium, calcium and chloride from surface to depth, implying 

translocation within the measurement depth. The gradients of sodium and potassium were shallower or 

curved, implying deposition from leaf fall or livestock excretion at the soil surface. Changes were 

summarised in a conceptual model. 

There was no trend for a change in organic carbon, but total nitrogen was higher up to 4 years after 

planting, implying access to leached nutrients. From 5 years of age onwards, total nitrogen was lower 

under plantations, possibly because of nutrient removal by grazing. 

The greatest effect of saltbush plantations on Mallee soils (relative to adjacent paddocks) has been 

drying. Reduced salt may occur in older plantations, but soil drying would inhibit the reintroduction of 

annual cropping unless there were above-average rainfall years or a fallow period. Displacement of 

calcium in surface soils by sodium may negatively affect soil structure in the long-term. Net carbon 

sequestration may be possible in saltbush plantations but may be prevented by redistribution of nutrients 

associated with livestock grazing. Farmers may find EM38 a useful tool to assist with locating saltbush 

plantations, as some were on relatively good soil, and some paddocks contained highly constrained soil 

that was not part of existing plantations. 
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Introduction 

The Mallee landscape contains soils with widely varying potential for annual 

cropping. Sands and loams are highly productive, with sandy textured topsoil allowing 

small rainfall events to infiltrate to a depth beyond the effects of evaporation. Small 

rainfall events infiltrate to a shallower depth on clay topsoil which increases the 

proportion evaporated. These soils tend to be unproductive in dry years, but because of 

accumulated nutrients can be very productive in wet years. Salinity and subsoil 

chemical and physical limitations may also be a factor on these soils, whether because 

of proximity to local water tables, or accumulation over time of small amounts of salt 

present in rainfall.  

The Mallee region has not received growing season (April-October) rainfall greater 

than decile 6 since 1995. There has been a trend towards drier winters, and especially 

between 2006 and 2008, drier springs. The clay textured areas of paddocks have 

frequently been unprofitable in annual cropping and grazing systems, with low yields 

and often difficulty establishing crops in the more extreme cases. Old Man Saltbush 

(Atriplex nummularia, henceforth ‘saltbush’) has been found to grow well on these 

areas, using rainfall and stored water at depth, generally unused by annual crops, to 

produce significant biomass. Over the last 10 years Mallee farmers have been 

establishing saltbush plantations as a potentially profitable, lower risk alternative to 

including these areas in annual cropping/grazing systems. The saltbush can be grazed by 

sheep, and has been managed as a drought fodder reserve or to fill the ‘feed gap’ 

between crop stubbles and annual pastures/sown forages (Thomas et al. 2009). The 

saltbush forage is high in protein, nutrients and salt, but low in energy, and 

supplementary feeding has been required to achieve more than maintenance of livestock 

weight (Franklin-McEvoy et al. 2007). Stock grazing saltbush also consume large 

amounts of water. Questions are now being raised as to whether the saltbush is 

improving or worsening soil properties, whether these areas might at some future point 

be returned to annual cropping, and whether there might be some carbon sequestration 

benefit. 

Saltbush could affect soil properties (relative to annual crops) by redistributing salt, 

or by changing soil water relations. Saltbush is a halophyte, and is able to tolerate high 

internal salt levels to allow water uptake from salty soil. Sodium and to a lesser extent 

chloride accumulate in the vacuole of the plant cell, with organic ions maintaining the 

charge balance in the rest of the cell (Flowers and Colmer 2008). Saltbush does not 
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depend on salt, however, and in low salt environments, the salt concentration is foliage 

is also low (Ramos et al. 2004). Where saltbush growth and salt uptake are high, it is 

possible that saltbush might salinise topsoil by direct deposition in fallen leaves, and 

indirectly by excretion in urine of livestock grazing the saltbush. There might also be a 

corresponding drop in rootzone salinity. Studies of spatial differences within saltbush 

plantations have found increases in salt deposition and pH in surface soil under the 

canopy (Sharma and Tongway 1973a; b), with respect to the inter-row, but effects 

within the plantation were not compared to another land use. Studies in Brazil have 

found saltbush to be an effective sodium extractor, especially in combination with 

gypsum on sodic soils (abstract only, Leal et al. 2008).  

Saltbush is also a perennial, and relative to salt intolerant annual crops is likely to 

have increased water use, throughout the year, and greater rooting depth. In 

environments where there is insufficient rainfall to saturate the rootzone and cause 

recharge, chloride tends to accumulate in a ‘bulge’ below the rootzone (various citations 

in Scanlon et al. 2007). With greater rooting depth, it is possible that the chloride 

‘bulge’ at the bottom of the annual crop root zone may have been shifted deeper in the 

soil. 

The increased biomass production and perennial nature of saltbush, compared to the 

low production and soil disturbance (even in no-till systems) of annual cropping, might 

lead to fixation of atmospheric carbon. Saline soils are stressful environments for 

microbial growth, which favour bacterial growth with lower biomass C:N ratio (Yuan et 

al. 2007), but saltbush is reported to improve microbial growth conditions in saline soils 

(abstract only, Silva et al. 2008). 

There is a lack of published information on soil changes under saltbush plantations, 

and we set out to survey changes that had happened to soil under saltbush, compared to 

adjacent cropped paddock (used as a control). Electromagnetic (EM38) surveys were 

used to select sampling sites where spatial trends were consistent and soils across a 

fenceline reasonably comparable. Attempts were made to cover a range of soil types and  

plantation ages within a single region, so that plantations of similar ages had similar 

rainfall history. It was anticipated that bigger changes would occur on soil under older 

plantations, and there may be some relationships with plantation age. The results show 

that soil change is occurring, but the main mechanism is drying. 



10 

Materials and methods 

Saltbush plantations 

Plantations were chosen in an area around Manangatang, Victoria, an area with a history of 

establishment of saltbush plantations. The Landcare Coordinator (Jamie Pook) was consulted to develop 

and initial list of plantations that might have adjacent cropped paddocks with similar soil type. Site visits 

were used to refine the list to exclude plantations that were unlikely to have similar soil types to adjacent 

crop, or where saltbush rows were not parallel to the adjacent fence and it would not be possible to get a 

good quality EM38 survey either side of the fence.  

EM38 survey 

Plantations and adjacent paddocks were surveyed with an EM38 dual dipole instrument on April 21, 

2009. Surveys were made at 10m spacings parallel to the fence in the paddock, and at single or double 

multiples of the plantation row spacing within the plantation. In each survey, 8-10 passes were made, 

either out into the paddock or into the plantation. Survey data was speed and lag corrected (O'Leary and 

Peters 2006), before being block kriged with local variograms using Vesper 1.6 software (Australian 

Centre for Precision Agriculture 2004).  

Apparent electrical conductivity (vertical dipole ECa) maps were used to select soil sample points, 

based on lack of spatial variation, and lack of spatial trend that was unlikely to be related to the effect of 

the plantation itself. Sample points were located on the first pass on the paddock side of the fence 

(approx. 5m from the fence), clear of any vehicle tracks along the fence, and on the first pass on the 

saltbush side of the fence (the inter-row between the first two rows next to the fence). The inter-row 

between the first row and the fence was not used to avoid edge effects. 

Soil sampling and analysis 

Soil samples were taken on April 22, 2009. Five soil cores (40mm in diameter, to 135cm depth) were 

taken with a hydraulic soil corer, at predetermined locations between 10 and 20m apart, on the paddock 

side of the fence, in the saltbush inter-row, and as close as possible to the saltbush plants themselves on 

the saltbush row. The cores were sealed for transport and segmented into 0-10, 10-30, 30-60, 60-80, 80-

100 and 100-135cm horizons in the lab. The five cores from each location (paddock, saltbush inter-row 

and saltbush row) were composited by horizon, and analysed for gravimetric water content (oven-dried, 

105ºC, 48 hours), EC1:5 and pH (water), extractable (soluble + exchangeable) cations and soluble 

chloride (all Advanced Soil Mapping). Bulk density was determined by dividing total horizon weight into 

sampled volume, with no allowance for sub-sampling, and will tend to under-estimate the true value. The 

0-10 and 10-30cm samples were also analysed for organic C and total N (CSBP).  

Results 

Plantations 

Fourteen individual plantations were EM surveyed around Manangatang (Table 1), 

separated by no more than 29km and grouped into five main areas (Figure 1). The oldest 
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plantation was in its 8
th

 year, with several established for slightly more than a year. The 

average age was four years old. Adjacent paddocks had typically been in a continuous 

cereal or cereal/fallow rotation, apart from the paddock adjacent to Farmer D surveys 4 

and 5, which was a long-term pasture paddock. 
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Table 1. Saltbush plantations EM surveyed and year established (estimated in some cases). 

Farmer Survey Year Month Grazed Adjacent paddock

Farmer A 1 2003 Aug Yes Continuous crop since 2002

2 2003 Aug Yes Continuous crop since 2002

3 2005 Aug Yes Continuous crop since 2002

4 2005 Aug Yes Continuous crop since 2002

5 2008 Feb No Crop in 2007, 2008

Farmer B 1 2007 Jul No Continuous crop

2 2008 Jun No Continuous crop

3 2004 Aug Yes Continuous crop

Farmer C 1 2001 Jul Yes 2 yr cereal - 1 year break since 2001

Farmer D 1 2006 Aug No Wheat - Barley since 2000

2 2005 Aug No Wheat - Barley since 2000

3 2006 Aug No Wheat - Barley since 2000

4 2008 Aug No Pasture since 2000

5 2008 Aug No Pasture since 2000  
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Farmer D

Sites 1-5

Farmer C
Site 1

Farmer A

Site 5

Farmer A
Sites 1-4

Farmer B

Sites 1-3
Manangatang

Bolton

Cocamba N

 

Figure 1. General location of saltbush plantations. Blocks containing plantations are shown in 

white. 
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EM38 surveys 

Vertical and horizontal dipole EM surveys had similar patterns and only vertical 

dipole surveys are presented here.  

Farmer D 

The block at Farmer D’s contained five plantations of varying ages. There were clear 

differences between the plantation and paddock for apparent EC in surveys 1 and 3, 

with the plantation approximately 1dS/m less conductive (Figure 2). The apparent EC 

for surveys 2 and 5 were also lower in the plantations, but the levels were higher overall 

and patterns less obviously bounded by the fenceline. In some areas the very high EC 

(>3 dS/m) areas appear to extend across the fence in these surveys. There was no 

obvious difference related to the plantation for survey 4. Surveys 4 and 5 had only been 

established a short time, on relatively wide spacings, and it seems unlikely that any 

difference would be measured. 
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Figure 2. EM38 survey of Farmer D’s saltbush plantation and adjacent paddock at Box Lagoon 

showing the location of core samples. The side of the survey containing the saltbush is labelled: 

mature saltbush ‘S’, younger saltbush plantations ‘YS’.  
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Farmer C 

The saltbush plantation at Farmer C’s was among the oldest. There did appear to be a 

drop in apparent EC across the fenceline between paddock and plantation (Figure 3), 

but in the center of the plantation survey there was an area with apparent EC similar to 

the paddock survey. This also corresponds to a scald pattern that is visible on the 

ground in the February 2003 aerial photo underlying the survey, and also on Google 

Earth imagery from September 2003. 

0 dS/m

1 dS/m

2 dS/m

3+ dS/m

Vertical EM

0 dS/m

1 dS/m

2 dS/m

3+ dS/m

Vertical EM

S

Farmer C – Thompson Rd

1

Core 

samples

N

Core 

samples

 

Figure 3. EM38 survey of Farmer C’s saltbush plantation and adjacent paddock on Thompson 

Rd showing the location of core samples. The side of the survey containing the saltbush is labelled: 

mature saltbush ‘S’. 
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Farmer B 

The first (western) block of Farmer B’s contained large areas of saltbush plantation, 

of which only two small areas were included in this survey. The western plantation (1) 

was older, but in neither case was there a clear difference between plantation and 

paddock across the fenceline (Figure 4). In general the plantations appeared slightly 

lower in apparent EC. 

0 dS/m

1 dS/m

2 dS/m

3+ dS/m

Vertical EM

0 dS/m

1 dS/m

2 dS/m

3+ dS/m
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S

YS

Farmer B – Fox Rd/Mallee Hwy

N

Core 

samples

Core 

samples

2

11

Core 

samples

1

N

Core 

samples

1

 

Figure 4. EM38 survey of Farmer B’s saltbush plantations and adjacent paddock on the corner 

of Fox Rd and Mallee Hwy showing the location of core samples. The side of the survey containing 

the saltbush is labelled: mature saltbush ‘S’, younger saltbush plantations ‘YS’. 

The eastern block contained an older plantation, which was quite densely planted and 

difficult to survey. Although core locations were selected in a part of the paddock where 

the soil appeared relatively even, apparent EC was higher on the plantation side of the 

fenceline.  
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Figure 5. EM38 survey of Farmer B’s saltbush plantation and adjacent paddock on the Mallee 

Hwy showing the location of core samples and an older saltbush plantation on the north side of the 

highway. The side of the survey containing the saltbush is labelled: mature saltbush ‘S’. 

Farmer A 

Most of Farmer A’s plantations were located in the western block on Figure 1. The 

oldest plantation had a marked difference between paddock and plantation surveys, of 

approximately 1 dS/m apparent EC (Figure 6). There were also clear effects of the 

saltbush plantations at the south end of the eastern block, with lower apparent EC than 

the adjacent paddock in all three (Figure 7). Only in the most recently planted plantation 

(eastern block, Figure 8) was apparent EC similar on both sides of the fence. 




































































