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CHAPTER FIVE: RESULTS

5.1 Surveys

5.1.1 Landholder Survey

The percentage of landholders who responded to the survey was 85%. The number of scalds varied

from three to as many as six per property based on the key recognition features and a total of 82

scalds were recorded. The landholders were generally aware of the symptoms of salinity, but the

survey served to educate them to look for additional recognition features that they were unaware

were associated with possible saline/alkaline sites.

The attribute which occurred in 100% of the 50 scalds was livestock congregating on and licking

the surface of the soil (Table 5.1). The congregation of stock is often an important indication of

problem areas and contributes to soil compaction and erosion. Other attributes which were found in

96% of scalds were grasses dying and bare patches along with the soil surface becoming puffy,

indicating soil structural problems. Eighty seven percent of scalds possessed soils which were

waterlogged while 86% of scalds had salt encrustation appearing on the soil surface. Water runoff

was evident from 65% of the scalds (Table 5.1).

Table 5.1 Percentages of 82 saline/alkaline scalds in the Harnham and Bozo landcare groups which
possessed the following attributes in the landholder survey.

Key recognition feature Percentages of the 50 scalds

having the following attributes

stock congregating on and licking the surface 100%

grasses dying and bare patches of soil appearing 96%

surface of the bare soil is "puffy" to walk over 96%

soil becoming wet or waterlogged 87%

salt encrustations appearing on the soil surface 86%

trees dying for no apparent reason (near vicinity of scald) 84%

excess quantities of run-off flowing from area 65%

A total of 50 scalds from the survey were characterised but additional scalds were examined which

were not characterised.
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5.1.2 Field Survey

1. Position in landscape - Scalds were found to generally occur in mid to lower slope positions in

the landscape with 4% of scalds occurring on slopes less than 2% (Table 5.2). The majority of scalds

(96%) occurred on slopes of 2-3%, with scalds more often occurring on the side of a valley which

had the lower relief. No scalds occurred on slope greater than 3%. Most literature dealing with

salinity/alkalinity claims that saline efflorencences occur at the base of a slope, but this claim was

not substantiated for the 50 saline/alkaline scalds surveyed in the study.

2. Site Characteristics - The majority of scalds (88%) were categorised as scalded local, but this

number does not represent the true proportion of the total number of scalds. Several strange scalds

were sighted in the survey. For example, one saline/alkaline scald was located at the top of a hill,

but was not included in the 50 scalds surveyed.

Scalds appeared to have smaller surface water catchment areas than adjacent sites without scald

patches. The implication is that water and chemicals are not travelling long distances in the

development of scalds and that vertical water movement is also an important aspect. Mesalike

hummocks occur at some scalds that is, their tops were the apparently un-eroded natural soil surface.

These flat tops were usually vegetated with Cynodon dactylon (couch) and Hordeum marinum (sea

barley grass). It is not known whether the mesas have been preserved because of the presence of the

grass before erosion commenced, or whether the erosion has produced the soil moisture and

chemistry conditions highly specific to these grasses.

3. Vegetation - Observations indicated sharp vegetation boundaries between scalds and unaffected

pasture areas. Vegetation on scalds consisted of two dominant grass species of Cynodon dactylon

(couch) which occurred at 96% of scalds and Hordeum marinum (sea barley grass), 92% of scalds.

Sixty eight percent of sites also had Pennisteum alopecuroides (swamp foxtail grass) usually at the

perimeter of the scald area. A main problem encountered during the winter was a lack of vegetative

cover on the scalds as Cynodon dactylon (couch) died off leaving the scalds bare and prone to

erosion. During wet periods the scalds became extremely boggy when wet and impermeable and

hard when dry with no permanent productive vegetation cover.

4. Scald area - The majority of scalds (70%) were relatively small covering an area of between 5-50

m2 . Only 22% of the scalds had areas greater than 50 m2 and a small percentage (8%) ranged from
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1-4 m2 . It is unknown if these scalds have increased in area as no long term monitoring system has

ever been implemented for individual scalds and information available is anecdotal.

5. Surface pH - Differences of up to four pH units were observed over small distances (15-50 cm)

at the edge of scalds. Vegetation patterns were also correlated with pH levels with the dominant

grass species in high pH areas being Cynodon dactylon and Hordeum (Critesion) marinum grading

to Vulpia bromoides, Bromus brevis and Eleusine tristachya as the pH decreased (Kreeb et al. 1995).

Fifty eight percent of scalds in the study region possessed pH levels of 8.0 and above, while 28%

had pH levels of between 7.0 and 8.0 and only 14 % of scalds were not considered alkaline at the

soil surface with pH levels less than 6.0.

6. Carbonates/Bicarbonates - Carbonates/bicarbonates were present at 86% of all scalds investigated

in the survey and usually occurred at the top of the B horizon.

Table 5.2 Percentages of the 50 saline/alkaline scalds in the Harnham and Bozo landcare groups
having the different attributes investigated in the field survey.

Attributes Percentages of the 50 scalds
having the attributes

Position on landscape valley floor 0%

lower to mid slope 98 %

upper slope 2 ' Yo

Slope <2% 4%

2-3% 96%

>3% 0%

Site Characteristics green spring 4%

scalded spring 2%

green local 6%

scalded local 88%

Vegetation Cynodon dactylon 96%

Hordeum marinum 92%

Pennisetum alopecuroides 68%

Scald area 1-4 m2 8%

5-50 m2 70%

>50 m 2 22%

surface pH 6.0 -7.0 14%

7.0-8.0 -	 28%

8.0-9.0 26%

>9.0 3 2 %

carbonates/bicarbonates present 86%



Results: Page 90

Electrical conductivity in the soil cores taken from the 50 scalds ranged from 0.034 dS/m at

"Wilgar", which is non-saline to 6.35 dS/m at "Church Gully" (saline) (Table 5.3). The samples in

Table 5.3 are ordered according to decreasing surface EC values.

The frequency distribution for EC (Fig.5.1) indicates that for the majority of scalds, EC values were

in the range from 0.5 to 2.0 dS/m for all depths measured. It is only the soil surface therefore that

were saline for most scalds while at depth the soil remained non-saline in nearly all cores.
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Figure 5.1 Frequency distribution of soil samples with different values of electrical conductivity
(dS/m) for surface, 0-100 mm, 100-200 mm, 200-300 mm and 300-400 mm depths.

Figure 5.2 Frequency distribution of soil samples with values of electrical conductivity of 0-0.5
dS/m, 0.5-1 dS/m, and 1-1.5 dS/m for surface, 0-100 mm, 100-200 mm, 200-300
mm and 300-400 mm depths.

A higher proportion of the scalds had low EC (salinity) at depth than at the surface. As the salinity

increased the proportion of scalds with higher EC at the surface decreased (Fig. 5.2).
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Table 5.3 Electrical Conductivity (dS/m) of soil samples from properties within the Harnham and
Bozo landcare groups (An * indicates sites fitted with piezometers and # the 20 experimental sites).

Electrical Conductivity dS/m 

No. Property surface 0-100 mm 100-200 mm 200-300 mm > 300 mm
#1 Church Gully 3 6.35 1.38 .359 .258 .199
*2 Glen Lossie 1 5.42 1.43 .470 .342 .286

#*3 Wollun Station 4 4.56 3.45 2.98 1.98 1.89
4 Glen Lossie 2 4.39 .970 .245 .183 .188

#*5 Ingleholme 1 3.80 .947 .529 .425 .453
*6 Wollun Station 3 3.56 3.12 2.45 1.45 1.21

7 Bergen Op Zoom 4 3.45 2.56 1.78 .981 .899

8 Glen Lossie 3 3.24 .879 .345 .232 .212
#*9 Buri West 2 3.33 .942 .636 .572 .486

10 Church Gully (fair.)) 2.72 1.69 .891 .721 .527

#11 Maryland 3 2.65 1.54 .987 .567 .456
12 Willowtree 2 2.36 1.98 .987 .567 .456
13 Glen Lossie 4 2.34 .789 .567 .345 .134

#*14 Bergen Op Zoom 2 2.31 2.11 1.31 .481 .362
15 Church Gully (dam) 2.03 .458 .310 .268 .203

#16 Lakeview 1.86 1.35 1.27 1.17 1.06
17 Mt. Pleasant 1 1.82 1.71 1.11 .451 .393

*18 Willowtreel 1.78 1.56 .309 .450 .545
#*19 Adgin Green (swsl) 1.68 1.29 1.17 1.33 .514

20 Mt. Pleasant 2 1.66 1.54 1.21 1.11 .987
21 Wilhelmshoe (ck.) 1.52 .625 .154 .298 .285
22 Church Gully (fen) 1.46 .635 .601 .598 .268
23 Adgin Green (nth.b) 1.23 1.11 .844 .403 .256

#24 Wollun Station 1 1.17 1.15 1.33 1.30 1.01
#*25 Maryland 1 1.10 .821 .788 .756 .652

26 Wollun Station 2 1.1 1.12 1.05 .998 .895
*27 Ingleholme 3 .987 .876 .765 .678 .323

28 Wilhelmshoe (st.) .910 .563 .548 .231 .211
29 Wilhelmshoe (fair) .901 .788 .608 .365 .321
30 Blaxland (thunderb) .862 .739 .785 .658 .569
31 Adgin Green (swr). .834 .751 .652 .652 .321

*32 Buri West 1 .813 .181 .213 .220 .123
33 The Glen 2 .789 .576 .687 .4453 .132

*34 Borre 2 .787 .775 .671 .321 .121
*35 Boree 1 .755 .199 .075 .068 .056
*36 Bergen Op Zoom 1 .726 .851 .764 .722 .584

#*37 Blaxland (cherry) .697 .682 .562 .4.56 .352
#*38 Wilgar 1 .569 .223 .157 .152 .167
#39 Wilgar 2 .653 .312 .306 .301 .215

#*40 Maryland 2 .629 .402 .323 .321 .156
*41 Glendella 2 .626 .562 .523 .456 .412

#*42 Blaxland (road) .595 .520 .488 .364 .351
*43 Ingleholme 2 .580 .330 .300 .215 .202
#44 Glendella 3 .579 .581 .536 .456 .365

#*45 The Glen 1 .564 .551 .456 .412 .389
#*46 Acton 1 .397 .236 .251 	 - .220 .13
#*47 Glendella 1 .388 .286 .224 .228 .221

48 Acton 2 .234 .121 .123 .111 .098
49 Bergen Op Zoom3 .162 .102 .098 .095 .077

#*50 Wilgar 3 .034 .035 .040 .038 .041
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Soil pH values (CaC1 2) indicated that the majority of scalds surveyed had highly alkaline surface

soils, with pH values generally increasing down the profile (Table 5.4). The soil profiles in Table

5.4 are ordered by decreasing surface pH. The highest value (pH 10.2) occurred on a scald at

"Wollun Station" while the lowest (pH 5.5) was at "Glen Lossie".

The frequency distribution (Fig. 5.3) indicates that the surface soil pH of the majority of scalds is

about 8.0. At the 0-100 mm, 100-200 mm, 200-300 mm and >300 mm soil profile levels, the

majority of scalds had pH levels of 9 and above.

Figure 5.3 Frequency histogram for soil samples measuring pH at different depths in scalds.

The 20 scalds selected for the experimental treatments were those which had similar site

characteristics to allow for comparisons between treatments. The 20 sites were chosen for ease of

implementation of the treatments. Each of these 20 sites are indicated by # in Table 3.3 and 3.4 and

were randomly allocated to one of four treatments of control, ponding, reverse interception drains,

and the chemical ameliorants of epsomite and gypsum.
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Table 5.4 pH (CaC1 2) of soil samples from properties within the Harnham and Bozo landcare groups
(An * indicates sites fitted with piezometers and # the 20 experimental sites).

pH 

No. Property surface 0-100 mm 100-200 mm 200-300 mm >300 mm

*6 Wollun Station 3 10.2 10.0 9.9 9.9 9.9

*18 Willowtree 1 10.1 10.3 10.1 10.0 10.0

12 Willowtree 2 10.0 10.0 9.9 10.0 10.0

#*3 Wollun Station 4 9.8 9.9 9.7 9.8 9.8

#1 Church Gully 3 9.6 9.1 9.1 9.1 9.2

26 Wollun Station 2 9.5 9.6 9.8 9.6 9.6

#24 Wollun Station 1 9.5 9.6 9.5 9.5 9.5

29 Wilhelmshoe (fairfield) 9.3 9.3 9.5 9.0 9.0

31 Adgin Green (swrne) 9.3 9.4 9.5 9.7 9.5

30 Blaxland (thunderb) 9.3 9.4 9.3 9.4 9.3

#*37 Blaxland (cherry) 9.3 9.4 9.2 9.3 9.3

#*25 Maryland 1 9.3 9.3 9.4 9.4 9.4
#44 Glendella 3 9.3 9.2 9.2 9.2 9.0

#11 Maryland 3 9.2 9.0 8.9 8.9 9.1
#*42 Blaxland (road)) 9.1 9.1 8.8 8.9 8.8

#*47 Glendella 1 9.0 9.5 9.5 9.5 9.5

#*40 Maryland 2 8.9 8.9 9.0 9.0 9.1

*41 Glendella 2 8.8 8.9 8.9 8.9 9.0

*43 Ingleholme 2 8.8 8.9 8.9 9.0 9.0

*27 Ingleholme 3 8.8 8.9 8.9 8.9 9.1

#39 Wilgar 2 8.6 8.8 8.9 8.8 8.9

22 Church Gully (fence) 8.4 8.6 8.9 9.0 9.0

21 Wilhelmshoe (creek) 8.3 8.4 8.4 8.6 8.6
#*19 Adgin Green (swsl) 8.1 8.4 8.5 8.9 8.9

28 Wilhelmshoe (stack) 8.1 8.3 8.3 8.5 8.5

#*46 Acton 1 8.0 8.4 8.4 8.5 8.6

#*45 The Glen 1 8.0 8.2 8.2 8.5 8.6

10 Church Gully (fairfield) 8.0 8.2 8.5 8.5 8.5

7 Bergen Op Zoom 4 8.0 8.1 8.0 8.0 8.0

48 Acton 2 7.9 8.0 8.0 8.0 8.1
33 The Glen 2 7.9 8.0 8.0 8.2 8.2
20 Mt Pleasant 2 7.8 7.8 8.0 8.0 8.0

#*38 Wilgar 1 7.8 7.9 7.9 8.2 8.2

8 Glen Lossie 3 7.2 7.5 7.0 6.9 6.9

15 Church Gully (dam)) 7.4 8.2 8.4 8.4 8.4

#*50 Wilgar 3 7.3 7.3 7.8 7.9 7.9

*34 Boree 2 7.3 7.0 6.9 6.9 7.0

*32 Buri West 1 7.2 7.3 7.5 7.8 7.8

49 Bergen Op Zoom 3 7.2 7.6 7.8 7.9 8.2

#*14 Bergen Op Zoom 2 7.1 7.8 7.9 7.9 7.9

#*5 Ingleholme 1 7.1 7.2 7.5 7.5 7.4
17 Mt Pleasant 1 7.0 7.6 8.0 8.0 8.

#16 Lakeview 7.0 7.5 7.9 7.9
-

7.9

4 Glen Lossie 2 6.8 6.6 6.6 7.0 7.2

*36 Bergen Op Zoom 1 6.6 6.8 7.0 7.5 7.8

23 Adgin Green (nthb) 6.5 7.0 7.9 • 8.0 8.0

#*9 Buri West 2 6.5 6.6 7.0 7.5 7.5

*35 Boree 1 6.2 6.6 6.7 6.8 6.8

*2 Glen Lossie 1 6.0 6.2 6.2 6.5 6.5

13 Glen Lossie 4 5.5 5.6 6.0 6.0 6.0
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5.1.3 Piezometer tubes

The electrical conductivity values of the piezometer tube water samples varied from 0.55 dS/m

which is considered nonsaline to 3.7 dS/m (slightly saline), with the majority of samples falling

between 0.5 and 2.0 dS/m (Table 5.5). A number of samples were slightly more saline with values

up to 3.7 dS/m. The samples in Table 5.5 are ordered according to decreasing EC values. pH values

varied from 7.0 to 8.9 with the majority of water samples in the range of 7.5 to 8.0.

There appeared to be little association between electrical conductivity and pH values in piezometer

water samples across the study area. High pH readings occurred at both "Buri West" (Walcha) and

"Adgin Green" (Uralla). "Adgin Green" had the highest pH reading of all piezometer water samples

tested at 8.9 with an EC of 2.5 dS/m. Buri West at Walcha had the highest EC reading of 3.7 dS/m

and a pH reading 8.2.
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Table 5.5 Location, electrical conductivity (dS/m) and p1-1 of water samples from shallow
piezometers on the Northern Tablelands of New South Wales (13/08/92). (An # indicates the 20
experimental sites).

Property Number Paddock Latitude Longitude EC pl-I

Buri West 1 32 ramp S30 57'20" E151 27'52" 3.7 8.2

Buri West 1 32 ramp S30 57'20" E151 27'52" 3.6 7.5

Ingleholme 1 #5 front S30 53'45 E151 29'27" 3.6 7.1

Bergen Op Zoom 2 #14 drain S30 60'40" E151 29'48" 3.4 7.8

Blaxland #37 cherrytree S30 52'47" E151 26'10" 3.4 7.7

Wollun Station 1 #3 hawkers S30 50'03" E151 27'18" 3.4 7.5

Buri West 2 #9 swamp S30 57'00" E151 27'36" 3.4 7.4

Wollun Station 1 6 road S30 50'48" E151 26'44" 3.2 7.7

Wollun Station 2 #3 hawkers S30 50'03" E151 27'18" 3.2 7.5

Bergen Op Zoom 2 #14 drain S30 60'40" E151 29'48" 3.1 7.9

Bergen Op Zoom 1 36 front S30 60'33" E151 29'26" 2.9 7.6

Adgin Green #19 SWS1 S30 40'03" E151 32'59" 2.7 8.6

Blaxland #37 cherrytree S30 52'47" E151 26'10" 2.7 8.0

Blaxland #42 road S30 51'08" E151 26'56" 2.6 7.8

Adgin Green #19 SWS1 S30 40'03" E151 32'59" 2.5 8.9

Maryland 2 #40 fence S30 50'35" E151 26'40" 2.5 7.7

Bergen Op Zoom 1 36 front S30 60'33" E151 29'26" 2.4 7.6

Buri West 2 #9 swamp S30 57'00" E151 27'36" 2.4 7.5

Maryland 1 #40 fence S30 50'35" E151 26'40" 2.38 7.5

Boree 2 34 racecourse S30 57'47" E151 31'50" 2.1 7.5

Wollun Station 2 6 road S30 50'48" E151 26'44" 2.0 7.5

Willowtree 2 18 toms S30 00'54" E151 29'54" 1.8 7.7

Wilgar 2 #50 gunyah S30 58'41" E151 32'52" 1.8 7.4

Maryland 2 #25 road S30 50'40" E151 27'13" 1.76 7.1

Glendella 1 #47 salisbury S30 51'24" E151 28'40" 1.7 7.5

Willowtree 1 18 toms S30 00'54" E151 29'54" 1.6 7.8

Wilgar 2 #50 gunyah S30 58'41 E151 32'52" 1.6 7.7

Maryland 1 #25 road S30 50'40" E151 27'13" 1.51 7.6

Ingleholme 3 27 creek S30 54'40" E151 29'27" 1.3 7.9

Glendella 2 #47 salisbury S30 51'24" E151 28'40" 1.3 7.8

Glendella 2 41 tickles S30 51'53" E151 28'25" 1.2 8.0

Ingleholme 3 27 creek S30 54'40" E151 29'27" 1.2 8.0

Glendella 1 41 tickles S30 51'53" E151 28'25" 1.2 7.8

Ingleholme 2 43 dam S30 54'35" E151 29'27" 1.2 7.4

Acton 1 #46 east blackbanks S30 52'38" E151 28'36" 1.1 7.8

Acton 2 #46 east blackbanks S30 52'38" E151 28'36" 0.96 7.8

Boree 1 35 road paddock S30 58'42" El 51 31'40" 0.94 7.8

Wilgar 1 #38 front S30 59'26" E151 32'51" 0.79 7.5

Glen Lossie 2 spring S30 50'01" E151 25'24" 0.78 6.7

Ingleholme 1 #5 front S30 53'45" E151 20'27" 0.76 7.8

Glen Lossie 2 spring S30 50'01" E151 25'24" 0.55 7.0

Wilgar 1 #38 front S30 59'26"	 . E151 32'51" dry dry

Blaxland #42 road S30 51'08" E151 26'56" dry dry

Boree 1 35 road paddock S30 58'42" E151 31'40" dry dry

Ingleholme2 43 dam S30 54'35" E151 29'27" dry dry

Boree 2 34 racecourse S30 57'47" E151 31'50" dry dry
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5.1.4 Detailed Investigation of a Scald at "Adgin Green", Uralla

A population of rare underground frogs was encountered at sites P1 and El. Sampling at these sites

was not completed and so the data from 300 mm and 400 mm are missing (Fig. 5.4). The proportion

of exchangeable M.+ to exchangeable Ca' plus Me increased down the profile in all but three of

the cores (Fig.5.4). These cores (C3, D3 and D5) were all within or very close to the areas with a

bare surface soil (Fig. 5.4). The proportion of exchangeable Na + varied from 7.0% on the surface for

core El to 72.4% for the surface soil at C3. Most of the cores had soluble Na+ percentages of 30 to

70%, which are well above the values which are associated with clay dispersion. Carbonate levels

at the site were generally high indicating that sodium carbonate and bicarbonates were the major

salts. ESP values at "Adgin Green" were as high as 60, the lowest level 5.1 (Appendix D). The

general trend for ESP was to increase down the profile. In general, the Adgin Green site exhibited

high levels of sodium and low levels of calcium and magnesium associated with carbonate and

bicarbonate, dispersed clays and high pH.

The pH levels varied from 8.1 to 8.8 with soil organic matter brought into solution, as shown by the

dark colouration in the soil cores (Plates 5.1 to 5.4). The highest pH levels were found where the

dark colouration occurred in the soil cores and pH generally increased from the soil surface to the

400 mm depth.

Electrical conductivity levels ranged from 0.02 dS/m (non-saline) to 2.8 dS/m which is slightly

saline (Appendix D).

Bulk density measurements showed high values which increased down the profile, ranging from 1.2

to 1.86 g/ml. The heavy mottling observed in the soils on removal of the soil cores would indicate

that the soils are prone to waterlogging, probably because of impeded drainage from the dispersed

clays.
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38.1 41.2 20.7
46.2 31.1 22.7
50.0 26.5 23.6

	 •	
20.3 49.2 30.6
41.2 32.2 26.6
54.3 18.3 27.4
56.3 15.2 28.6

ACROSS SLOPE

0-100 mm
100-200 mm
200-300 mm
300-400 mm

• SOIL CORE

62.9 20.9
47.0 20.5
39.9 23.0
40.1 28.8

Ma. Ca ). All'.

17.7 28.318.3
28.2 2.1 17.1
31.4 29.3 19.3
33.1 18.1 1..43ii

47.3 37.2 15.5
55.1 25.6 19.2
57.9 19.2 22.9
53.1 19.3 27,7

44.7 31.1 24.2
51.5 27.9 20.6
59.4 15.5 28.1
57.0 16.3 26.8

13
13.2 60.5 26.3
20.7 51.9 27.4
17.1 52.7 30.2
12,6 53.0 34,4

CD

p
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The total amount of salt for the grid area for each layer was calculated and showed that the soluble

salt load increased down the soil profile (Table 5.6) Higher salt loads were found in the region where

the bare scalds occur (Fig.5.5), e.g. in the regions 3E, 3D, 3C, 4D, 4C, 413, 5D, 5C, 513, 6D and 6C.

However, high figures are also found at 6A, 6B, 7B, 7C and 7A which were heavily vegetated. This

would indicate that high salt loads are not necessarily directly related to bare scalds but may extend

underground to areas not having a visible problem, or the high salt load values in vegetated areas

may indicate a future expansion of scald.

Table 5.6 Salt loads surrounding a scald at "Adgin Green", Uralla for areas measuring 25 m x 28
m at depths of 100 mm increments down the soil profile.

Soil Profile Depth Salt Load (kg)
700 m2

0-100 mm 507.42

100-200 mm 648.78

200-300 mm 859.55

300-400 mm 905.15

Total (0-400 mm) 2920.9
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Table 5.7 Summary description of soil features from the surface to 2.0 m depth of a soil pit at a scald at "Wollun Station", Wollun.

Colour Value Field Water
Depth (m) Texture (Munsell) Chroma Pedality Structure Fabric Consistence Carbonates pH Regime Boundary Horizon

Rating

when dry -loose impedance
0-0.2 sandy

loam
10Y 8/2

light gray
3 granular weak

platyp
earthy when moist -loose

when wet - non-sticky
positive 9 poor

drainage
clear A

& non-plastic

when dry- rigid some
0.2-0.5 I	 clay 7.5Y 2/i

black
1 angular

blocky
massive smooth

ped
when moist - friable
when wet - very sticky

1	 positive 9.5 impedance
due to clay

1	 clear B
I

& very plastic

when dry - soft well drained
0.6-2.0 clay 7.5YR

8/8
yellow
orange

4 angulart,
blocky

mod.
blocky

rough
ped

when moist - loose
when wet- non sticky

& non-plastic

positive 9.5-
10

clear C
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5.1.6 Electromagnetic Induction Surveys

The electromagnetic survey equipment produced coloured computer generated maps of the EC at

different depths at the 20 experimental scald sites. These maps showed EC as a series of colours with

the brighter and more intense colours at the red end of the spectrum corresponding to higher EC

values (Fig 5.6, 5.7, 5.8, 5.9, 5.10 and 5.11). The EM38 and EM31 units average the EC value from

the soil surface to the specified depths of 0.75 and 1.5 for the EM38 and 3.0 and 6.0 metres for the

EM31. Therefore interpretation of the computer generated maps can be misleading.

A soil core was taken at each of the 20 experimental sites and comparisons made between soil core

results and corresponding EM data results for the depth 0-0.75 m (Fig 5.7 and Fig. 5.11) (Table 5.8).

Table 5.8 Comparison between EM38 survey and soil cores extracted at the 20 experimental sites.
An * indicates those sites with piezometers.

Property No. Treatments EC (dS/m) for EM38
to 0.75 m depth

EC (dS/m) for soil sample
to 0.75 m depth

Maryland *25 control 3.21 2.3

Glendella *47 control 0.98 1.42

50 Wilgar 50 control 2.64 2.43

The Glen *45 control 1.98 1.65

Ingleholme *5 control 1.56 1.24

Adgin Green *19 ponding 7.2 5.89

Blaxland (r) 42 ponding 4.5 2.87

Blaxland (c) *37 ponding 2.15 1.56

Wollun Station 24 ponding 5.62 2.56

Wilgar *38 ponding 2.20 1.24

Lakeview 16 drains 2.78 2.98

Maryland 40 drains 2.12 2.56

Glendella 44 drains 1.11 0.98

Acton *46 drains 1.64 1.54

Bergen Op Zoom *14 drains 3.50 3.10

Church Gully 1 chemicals 5.20 4.89

Maryland *11 chemicals 5.87 4.21

Wollun Station *3 chemicals 6.89 5.95

Buri West *9 chemicals 4.69 4.22

Wilgar 39 chemicals 3.45 2.56

The soil core EC results were similar to the EM38 data for the twenty scald sites but some

discrepancies occurred. The maximum EM38 and soil sample EC readings were 7.2 dS/m and 5.89

dS/m respectively, while the minimum reading for both was 0.98 dS/m. The relationship between

the results of the EM38 and soil core EC readings was linear with an r 2 value of 0.829 which was

significant at the 1% level (Figure 5.6).
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Electrical Conductivity (dS/m)
Y = 1.156 x + 0.190
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Figure 5.6 Scatter plot of EM38 and soil core EC readings showing the relationship between the two
parameters.

In general the data showed that scalds were not always positioned directly above the places with the

highest EC values (Table 5.9). The detailed soil core data collected at "Adgin Green" also indicated

that patches of high soil salinity were not necessarily directly below scalds.
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Figure 5.7 EM 31 Electromagnetic computer generated survey of 0-3.0 m depth at "Bergen Op
Zoom", Walcha. The small crosses represent the path of the 4WD motorbike and the rectangle
indicates where the EM 31 and EM38 surveys were carried out. P indicates the position of the
piezometer.
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Figure 5.8 EM38 Electromagnetic computer generated survey of 0-0.75 m depth at "Bergen Op
Zoom", Walcha. An 0 indicates where the soil core was extracted and P indicates the position of
the piezometer.
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Figure 5.9 EM38 Electromagnetic computer generated survey of 0-1.5 m depth at "Bergen Op
Zoom", Walcha. P indicates the position of the piezometer.
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Figure 5.10 EM31 Electromagnetic computer generated survey of 0 - 3.0 m depth at "Bergen Op
Zoom", Walcha. P indicates the position of the piezometer.
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Figure 5.11 EM31 Electromagnetic computer generated survey of 0-6.0 m depth at "Bergen Op
Zoom", Walcha. P indicates the position of the piezometer.
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5.2 Scald Amelioration

5.2.1 Ponds

The dams were completed in early November 1993 and the first pumping occurred in late November.

The dams were pumped a total of 3 more times during that summer but did not fill again until

December 1994. They were pumped out twice more over that summer and not again until September

1995 and then 3 more times until February 1996 (Fig.5.12). I3etween April and October 1994 below

average rainfall occurred in the study region and also between March 1995 and August 1995 with

insufficient rainfall to fill the dams to enable water samples to be taken (Fig. 5.13).

Figure 5.12 Volume of water pumped (litres) per pumping from each of the five experimental
ponding sites from 25/11/93 to 25/02/96.

The total dissolved salts from the five ponding sites varied with "Adgin Green" and "Wollun

Station" having the highest amount of TDS removed, averaging 12 and 15 kg per pumping per dam

from 25/11/93 to 25/02/95 (Fig. 5.14). The other three sites at "Blaxland (r)", "Blaxland (c)" and

Wilgar averaged 3 to 5 kg TDS during this same period. During September 1995 above average

rainfall were received in the study region which corresponded to a larger amount of water being

pumped from all 5 ponding sites (Fig. 5.12).



Rainfall "Bergen Op Zoom"
Walcha NSW

i	 I	 I	 I	 • I1
I	 1
I	 I	 I	 __11 4" II

1	 I	 1	 19 ,
I 	 I 	

,
I_

1 ,
• I	 I.

MIIIII I
N

: 	 .

:

.

. 	 . 	 .

'II	 ..
111 Ilt II ,

1
\	 11•1
, IF 11111
I 111111•11W

II 11E

.

11111LIN-1111
-111190/

! 	 -
; ;	 ,i

III ■ :
113 I :
1I1	 ;

:	 ,

lir
1 	 i

,	 \	 III 	 II
Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec.

1993 ■ 1994 1995	 average

Rainfall "Blaxland"
Wollun NSW

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. 0

1993	 1994 1 1 1995 im average

40

140

120

100

E 80

•S 60

20

0

Willhelmshohe
Uralla NSW

i	 I	 1	 I I	 -I	 i

i
1	 1

I	 I	 I	 1.	 1 I	 I	 I	 F I
1	 I	 1 	 I I	 I	 i 	 I I
I i ___L..--

1r t
,	 , , , ,

, E, ,,	 [ ,i
111P1111M VII

I ilsI MN
F up
is 11
it, mr;
IF lit

MUM*
III.	 •
I	 rnisik
wil MEI
it 'HA:
NH

, ,
–71

1 1

-

1 IIII-
umnummum
tuitmommo
mum.

a- NIMMILIIM

MI MP
q-mir-sin

i
11 ow	 , ,Eli Il
Illi lli

■ 	 •
!	 k'-LA

11
1	 '

'	 1. Ili Ili
Mr,

mR iila MOW ' IM I'M
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1993 ■ 1994 	 1995 al average

200
180

160
140

E 120

100
80
60
40
20

0

Results: Page 113

Figure 5.13 Rainfall charts of 1993, 1994 and 1995 for the properties of "Bergen Op Zoom",
"Blaxland" and "Willhelmshohe", with long term averages over a 107 year period. The long term
averages were from the Bureau of Meteorology (1986).
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The level of TDS increased dramatically at the September 1995 pumping and then decreased until

the last pumping on 25/02/96 even though larger amounts of water were removed from all ponds

(Fig. 5.12). From 11/10/95 the TDS removed at all five dams dropped to the lowest levels recorded

and continued to decrease until 25/02/96 at the completion of the study (Fig 5.14).

The total amount of TDS removed from the pond at "Adgin Green" was 154.6 kg from 25/11/93 to

25/02/96. The total amount of soluble salts in the 0-100 mm slice from the initial 35 soil cores at

"Adgin Green" was 507.4 kg. The depth in the soil profile beneath the scald and in the ponded water

from which the salts were removed is not known.

The pattern of sodium (kg) removal from individual ponds was very similar to that of the total

dissolved salts (Figs. 5.14 and 5.154.6). The total amounts of sodium (kg) removed during the study

period from 25.11.93 to 25.02.96 were: "Wollun Station" (72.5 kg) followed by "Adgin Green"

(68.8 kg), "Blaxland (road)" (40.8 kg), "Blaxland (cherrytree) (27.0 kg) and "Wilgar" with 5.5 kg.

Again, the decrease after the 29th September, 1995 pumping indicates some depletion of the source

of soluble sodium because the amount of water removed at each pumping was greater after

September 1995 than before (Fig. 5.12).

A slight drop in the SAR values of the water samples occurred across all ponding treatments between

25/11/93 and 18/03/94 but then remained fairly constant until 25/02/95 at values between 2 and 13

(Fig.5.16). A dramatic increase in SAR occurred on 29/09/95 at all ponding sites with values ranging

from 6 to 22. This increase coincided with a break in the drought (Fig. 5.13). As the sodium

adsorption ratio varies directly with the concentration of soluble sodium, therefore any increase in

SAR during September 1995 would indicate an increase in sodium levels relative to the other soluble

cations of calcium and magnesium. Sodium levels in fact also increased in September 1995 possibly

as a result of drought conditions experienced during the previous 7 months or the heavy rain in

September 1995. Sodium and SAR levels then decreased from 29/09/96 as more regular rains and

more frequent pumping occurred in combination with an increase in the volume of water pumped

per dam.

The pH values across the 5 ponding sites varied with "Wollun Station" and "Blaxland (r)" exhibiting

the highest values (Fig. 5.17). In general, however, the pH levels did not vary much over the period

from 25/11/93 to 25/02/96.
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Figure 5.14 Total dissolved salts (kg) per pumping per dam for the five experimental ponding treatments
from 25/11/93 to 25/02/96.

Figure 5.15 Sodium (kg) per pumping per dam for the five experimental ponding treatments from 25/11/93
to 25/02/96.
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Figure 5.16 Sodium adsorption ratios for the five experimental ponding treatments from 25/11/93 to
25/02/96.

Figure 5.17 pH for the five experimental ponding treatments from 25/11/93 to 25/02/96.
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The total dissolved solids was compared with the mass of Na2CO 3 calculated by assuming that all

the sodium in solution occurs in this form (Table 5.9)

Table 5.9 Percentage of the total dissolved solids (TDS) represented by Na 2CO3 calculated from the
amount of soluble sodium in solution.

Properties Percentages of TDS
represented by
Na2CO3

Blaxland (c) 88.5

Wollun Station 89.3

Blaxland (r) 80.9

Adgin Green 82.8

Wilgar 54.0

A linear relationship existed between the total dissolved solids (kg) and sodium bicarbonate (kg)

levels in the pond water (Fig. 5.18). These results indicate that except for "Wilgar", by far the most

abundant soluble salt was Na 2CO3 . A regression analysis was carried out with an r2 of 0.878 which

was significant at the 1% level.

Figure 5.18 TDS (kg) and sodium bicarbonate (kg) from the ponding trials showing a linear
relationship between the two parameters.

Neither the fencing nor the ponding produced changes in the abundance of Cynoclon dactylon

(couch) or of Hordeum marinum (sea barley grass) which were present as small patches within the

fenced off experimental ponded sites. This was also evident at the control sites which were not

fenced. These results suggest that fencing alone will not lead to the healing of the scalded bare

patches.
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5.2.3 Chemical Ameliorant Trials

The chemical ameliorant treatments of gypsum and epsomite proved successful in reducing the level

of exchangeable sodium at all levels in the top 400 mm of the soil profile and also increased the

amount of exchangeable calcium and magnesium, respectively (Table 5.10 and 5.11). The results

were highly dependent upon rainfall as no extra water was added. Dry periods were experienced

during March and August 1994 and during February and August 1995.

Table 5.10 Exchangeable sodium, calcium, magnesium and potassium (mg/kg- 1 ), pH, ESP and SAR
of initial and final soil cores for the five experimental treatments of gypsum (calcium sulphate) for
the following depths: 0-100 mm, 100-200 mm, 200-300 mm and 300-400 mm.
An * represents those results which had significant differences between initial and final soil cores
using Scheffe's test (P<0.05)).

Gypsum 0-100mm 0-100mm 100-200mm 100-200mm 200-300mm 200-300mm 300-400mm 300-400mm

initial final initial final initial final initial final
sodium 2453 *710 2693 *515 2773 *937 2807 *1107

calcium 1401 *2140 1165 *2985 1136 *2596 1205 *1891

magnesium 389 391 370 432 512 595 729 761

potassium 213 126 161 116 117 94 148 129

pH 8.3 8.1 8.8 8.2 8.9 8.7 8.9 8.6

ESP % 47.0 *15.9 52.6 *16.1 54.6 *17.7 48.8 *21.7

SAR 14.7 *3.0 16.3 *4.0 17„0 *4.3 16.0 *5.7

Table 5.11 Exchangeable sodium, calcium, magnesium and potassium (mg/kg- 1 ), pH, ESP and SAR
of initial and final soil cores for the five experimental treatments of epsomite (magnesium sulphate)
for the following depths: 0-100 mm, 100-200 mm, 200-300 mm and 300-400 mm.
An * represents those results which had significant differences between initial and final soil cores
using Scheffe's test (P<0.05)).

Epsomite 0 - 100mm 0 - 100mm 100 -200mm 100-200mm 200 -300mm 200 -300mm 300 -400mm 300 -400mm

initial final initial final initial final initial final

sodium 2453 *653 2693 *510 2773 *786 2807 *1207

calcium 1401 1092 1165 993 1136 1223 1205 1192

magnesium 389 *931 370 *934 512 1502 729 *1116

potassium _ 213 155
-

161 173 117  105  148 118

pH 8.3 8.2 8.8 8.4 8.9 8.8 8.9 8.7

ESP % 47.0 *14.9 52.6 *14.9 54.6 *16.1 48.8 *23.6

SAR 14.7 *3.6 16.3 *4.9 17.0 *5.2 16.0 *6.2

Gypsum application resulted in a four-fold decrease in sodium concentration with a four-fold

increase in exchangeable calcium levels over the four depths (Table 5.11). Significant decreases also

occurred in exchangeable sodium percentage (ESP) and sodium adsorption values (SAR) at all 4
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depths. Potassium and pH levels showed no significant differences between initial and final soil

cores (Table 5.12).

Epsomite application at 5 tonnes per hectare resulted in a three-fold decrease in sodium

concentrations at all 4 depths. Magnesium levels showed an average three-fold increase between

initial and final soil cores with decreases in ESP and SAR values three fold at all 4 depths (Table

5.12).

The most notable physical feature was the emergence of cracks, which appeared within both the

gypsum and epsomite rings after the application of the chemicals and following several rainfall

events. The epsomite rings showed cracks in the soil surface far earlier than the gypsum rings,

probably because of epsomite's higher initial solubility (Plates 5.13, 5.14). The cracks also appeared

to trap windblown seed which then germinated after the drought (Plate 5.15) and resulted in

vegetative cover within the rings which previously had been bare. This vegetative growth consisted

of Bromus brevis, Eleusine tristachya, Festuca elatior, Paspalum dilatatum, Lolium rigidum,

Phalaris aquatica and Vulpia bromoides. The regions outside the rings only supported clumps of

Cynodon dactylon (couch) and Hordeum marinum (sea barley grass) but these areas did not expand

even though the experimental site was fenced off from stock After the completion of the study trial,

vegetative growth in both the gypsum and epsomite rings was cut, collected and dried and the dry

matter calculated. The gypsum treatment supported significantly more dry weight than the epsomite

treatment (P<0.05, paired t tests) (Fig 5.19).
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Figure 5.19 The standing herbage mass as dry weight (g/m2) within the gypsum and epsomite
treated rings at the five saline/alkaline scalds. The herbage mass for a control site (essentially zero)
is included for comparison.

The results from this study indicated that the application of gypsum and epsomite were beneficial

in changing the chemical status of the soil to favour the divalent cations calcium and magnesium.

Both the gypsum and epsomite treatments resulted in reduction of sodium levels, ESP and SAR in

combination with the re-introduction of grass species on previously bare scalds.
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5.2.4 Treatments Comparisons

Significant decreases (P<0.05%) occurred between initial and final soil core samples for the

ponding, gypsum and epsomite treatments for exchangeable sodium, ESP and SAR for all 4 depths

(Figures 5.20, 5.21,5.22 and 5.23). Transformations of the data were not necessary as Cochran's test

indicated that the variances were homogeneous (Appendix E).

The most dramatic decrease in exchangeable sodium levels between initial and final soil cores

occurred in the ponding treatments, the average reduction over the four depths being 1994 mg/kg-1.

Both chemical ameliorant treatments showed average reduction in exchangeable sodium levels over

the 4 depths of 1474 mg/kg' and 1451 mg/kg -1 respectively (Figure 5.20).

The ponding treatments resulted in an average reduction in the SAR values of 17.7 (Figure 5.21).

Reductions of SAR of 9.2 also occurred in the epsomite and a reduction of 8.8 with gypsum. The

20 experimental sites all had high ESP values. The most dramatic decrease occurred with the

gypsum treatment which gave an average reduction of 25.98 and epsomite an average reduction of

25.61. The ponding treatment showed a reduction of 16.4% (Figure 5.22). In summary, the ponding

treatment was the most successful treatment in reducing the amount of exchangeable sodium and

SAR. The chemical ameliorants were most successful in reducing the ESP percentages.
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Figure 5.20 Exchangeable sodium (mg/kg- 1 ) of initial and final soil cores at the 20 experimental
sites incorporating the control and 4 treatments of ponding, reverse interception drains, gypsum and
epsomite chemical ameliorants for the 4 depths 0-100 mm, 100-200 mm, 200-300 mm and 300-400
mm. (An * indicates significant differences occurred between initial and final soil cores using
Scheffe's test (P<0.05) for all 4 depths.

Figure 5.21 Exchangeable sodium percentage (ESP) of initial and final soil cores at the 20
experimental sites incorporating the control and 4 treatments of ponding, reverse interception drains,
gypsum and epsomite chemical ameliorants for the 4 depths 0-100 mm, 100-200 mm, 200-300 mm
and 300-400 mm. (An * indicates significant differences occurred between initial and final soil cores
using Scheffe's test (P<0.05) for all 4 depths.
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Figure 5.22 SAR of initial and final soil cores at the 20 experimental sites incorporating the control
and 4 treatments of ponding, reverse interception drains, gypsum and epsomite chemical ameliorants
for the 4 depths 0-100 mm, 100-200 mm, 200-300 mm and 300-400 mm. (An * indicates significant
differences occurred between initial and final soil cores using Scheffe's test (P<0.05) for all 4 depths.

Figure 5.23 pH of initial and final soil cores at the 20 experimental sites incorporating the control
and 4 treatments of ponding, reverse interception drains, gypsum and epsomite chemical ameliorants
for the 4 depths 0-100 mm, 100-200 mm, 200-300 mm and 300-400 mm. (An * indicates significant
differences occurred between initial and final soil cores using Scheffe's test (P<0.05) for all 4 depths.



Results: Page 130

No significant differences (P>0.05) occurred in pH values between initial and final soil cores at any

of the 4 depths investigated in any of the treatments, but the data showed slight reductions in pH

values in the epsomite and gypsum treatments (Figure 5.23). No significant changes (P>0.05)

occurred for the control treatments over the course of the experiment, as would be expected.

Although the reverse interception drain sites alleviated waterlogging problems, there was no

significant difference between initial and final core samples for sodium, ESP, SAR and pH. Perhaps

the reason why the reverse interception drains did not effect sodium, ESP and SAR is that the drains

diverted surface and lateral flow from the scald site but they did not directly influence the chemical

status of soil via the removal of sodium.

5.2.5 Infiltration Measurements

An analysis of variance using Scheffe's significance tests (P<0.05%) to separate the means was

carried out for each individual time T1 (10/11/93), T2 (22/04/94), T3 (18/11/94), T4 (03/04/94), T5

(26/11/95) and T6 (15/03/96) comparing the five treatments of control, ponding, reverse interception

drains and the two chemical ameliorates of epsomite and gypsum. The results indicated that there

were no significant differences among the five treatments for infiltration rates at T1 and T2 (Figure

5.24). However, at T3 (18/10/94), approximately 12 months after the treatments were initiated,

significant increases occurred in infiltration rates for the reverse interception drains and the gypsum

and epsomite treatments. There were no significant effects on the infiltration rates of the control and

ponding treatments (Figure 5.24).

The most dramatic increase in infiltration rates during the study period occurred with the gypsum

treatment which produced a five-fold increase from T3 (3.93 mm/hr) to T6 (19.37 mm/hr) followed

by the epsomite treatments with an increase in infiltration rates of 5.98 mm/hr to 14.02 mm/hr (2.3

fold increase), and lastly the reverse interception drains from 2.30 mm/hr to 3.53 mm/hr (1.5 fold

increase) (Figure 5.24). After September 1995 good rains occurred and the infiltration rates at T5

and T6 showed a 58% increase with the epsomite treatment and a 62% increase with the gypsum

treatment.
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Figure 5.24 Infiltration (mm/hr) for the five treatments of control, ponding, reverse interception
drains and the application of gypsum and epsomite from 10/11/93 to 15/03/96. (An * represents
those means which were significant (P<0.05) different from the control values at the same time).
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