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Executive summary 
The land and soil in Auckland are important and valuable resources. They support the growing population by 

providing food, a place to live and work, and recreational and tourism opportunities. Some soil and landform 

combinations also have cultural and/ or historical significance to different groups of people.  

The Resource Management Act 1991 section 35 requires councils to carry out ‘State of the Environment’ 

reporting every five years whether it is for marine, freshwater, groundwater, terrestrial, air or soil quality 

monitoring. Soil quality monitoring within the Auckland region was instigated in 1995 as part of a national 

‘500 Soils Project’. Soil quality refers to the ability of the soil to sustain biological production, maintain 

environmental quality, and promote plant and animal health. Land uses sampled within Auckland in recent 

years include horticulture, dairy and drystock sites in 2008, 2009 and 2010, respectively. Fifteen plantation 

forestry sites were the focus of soil sampling in 2011 representing three dominant soil orders for the Auckland 

region namely Brown, Ultic and Recent. These correspond to seven soil series.  

Key soil quality properties of interest include soil acidity (pH), organic carbon (OC), total nitrogen (TN), Olsen 

P (plant available phosphorus), anaerobic mineralisable nitrogen (AMN- plant available nitrogen), bulk density 

and macroporosity (at -10kPa). Trace element concentrations measured in the current report include arsenic, 

cadmium, chromium, copper, mercury, nickel, lead and zinc; however, the majority of the report will focus 

and report on key soil quality results. 

The key soil quality indicator outside target ranges on most occurrences was Olsen P. However, when put into 

perspective only one site would be considered seriously over these guidelines. Five sites had both TN and OC 

contents below guidelines, three of which included all Pinaki sand sites. Two sites fell within the very low 

guideline range for concentrations of AMN and these two sites had correspondingly low (0.1 %) TN contents. 

Macroporosities (-10kPa) were above guidelines for all three Pinaki sand sites sampled. Although low 

macroporosity is less desirable, indicating soil compaction, soils with high macroporosity are prone to soil 

erosion, hydrophobicity and excessive draining. In contrast, bulk density increased for the re-sampled Pinaki 

sand sites which likely influenced the significant increase in bulk density that was observed when 2011 results 

were compared to those sampled between 1996-2000. These changes are discussed in detail in the report. 

Overall, the three Pinaki sand sites had a major affect on results with more than three indicators failing to 

meet recommended guidelines. These three sites aside, soil quality was generally better under plantation 

forestry than that for the recently sampled horticultural, dairy and drystock sites in Auckland. In contrast, to 

the majority of horticultural, dairy and drystock reported sites which record low macroporosity, the indicator 

outside target ranges on most occurrences, soil macroporosity was less of an issue under plantation forestry. 

Pastoral and horticultural sites also tend to have Olsen P concentrations higher than the recommended 

requirements for these land uses. While four sites in the current study had Olsen P concentrations higher than 

the recommended range, it is less of an extensive issue for plantation forestry.  

 
     

 



 

It is suggested that more sampling sites are identified in the future that represent a broader range of soil 

types to ensure one soil type alone does not have such a dominating impact on results. It is also 

recommended that all these sites are re-sampled several more times at five-yearly intervals to determine 

long-term temporal trends in soil quality properties for plantation forestry. 
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1.0 Introduction 
The land and soil in Auckland are important and valuable resources. They support the growing 

population by providing food, a place to live and work, and recreational and tourism opportunities. 

Some soil and landform combinations also have cultural and/ or historical significance to different 

groups of people (Dominati et al., 2010).  

 

Soil forms into many different types, depending on the parent material and the environment that it has 

come from. The dominant soil types in Auckland are the Ultic soils, representing about 38-40% land 

area which are located predominantly in north Auckland (NZLRI, 2010, Curran Cournane and Taylor, 

2013). Granular soils, representing about 17% of land area, are dominant in south Auckland. Some of 

these Granular soils are some of the best soils in New Zealand. Other soil orders in Auckland include 

Brown, Recent, Allophanic, Gley, Raw, Organic, Anthropic, Melanic, Oxidic and Podzol (Hewitt, 

1998). 

 

The Resource Management Act 1991 section 35 requires councils to carry out ‘State of the 

Environment’ reporting every five years whether it is for marine, freshwater, groundwater, terrestrial, 

air or soil quality monitoring. Soil quality monitoring within the Auckland region was instigated in 1995 

as part of a national ‘500 Soils Project’ (Hill et al., 2003) and continued until 2000 after which time it 

was not again established until 2008. Annual soil sampling events contribute to ‘State of the 

Environment’ reporting. Land uses sampled in recent years include horticulture, dairy and drystock 

sites in 2008 (Sparling, 2009), 2009 (Stevenson, 2010) and 2010 (Fraser and Stevenson, 2011), 

respectively. Plantation forestry sites were the focus of soil sampling in 2011.  

Key soil quality properties of interest include soil pH, organic carbon (OC), total nitrogen (TN), Olsen 

P, anaerobic mineralisable nitrogen (AMN), bulk density and macroporosity (at -10kPa). The following 

trace element concentrations were also measured in the current report, arsenic, cadmium, chromium, 

copper, mercury, nickel, lead and zinc. However, the majority of the report will focus on the key soil 

quality parameters listed above.  

Study objectives included: 

• Soil sampling for those sites referred to as plantation forestry sites between 1996 and 2000, 

and currently under this land use, to determine changes in soil quality over time; 

• Selecting new sampling sites that represent broad geographical coverage and representative 

soil types in the Auckland region; 

• Identify which key soil quality indicators are of most concern; 

• Determining trace element concentrations for all sites; 

_________________________________________________________________________________ 
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• Reporting findings from the study and providing results to landowners, for not only 

educational and feedback purposes, but to establish better trust relationships between 

Council and landowners and to ensure access to sites in the future. 
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2.0  Materials and methods 

2.1  Sample sites and soil sampling 

Fifteen plantation forestry sites were sampled (Figure 1) between 01-05 August, 2011, for a suite of 

soil parameters which included soil acidity (pH), organic C (OC)A, total N (TN), anaerobic 

mineralisable N (AMN- plant available nitrogen), Olsen P (plant available phosphorus), bulk density, 

macroporosityB at -5 and -10 kPa (which includes pore sizes greater than 60 and 30 microns, 

respectively) and the C/N ratio. All but the C/N ratio are known as key soil quality indicators (Sparling 

et al., 2003).  

Note on definitions:  

• A Total carbon (TC) will now be described as organic carbon (OC) given soil pH was <7 for all 

sampled sites. Soil pH >7 suggests insignificant or nil presence of carbonate carbon (Hill L, 

pers comm., Landcare Research). 

• B The term used to describe pores sizes >30microns will now be termed macroporosity -

10kPa, as opposed to its previous ‘air-filled porosity’ referral, to ensure consistency between 

various regional councils. Furthermore, although macroporosity at -5kPa data will be 

presented only macroporosity at -10kPa will be included in the determination of meeting the 

soil quality guideline procedure. C/N ratio data will also be presented but will not be included 

in the determination of meeting the soil quality guideline procedure.  

All results for chemical attributes will be discussed on a gravimetric basis because guidelines are 

presented in such a manner (Table 1). Target ranges for these indicators are listed in Table 1 and are 

specific for forestry sites. For each site, the number of occurrences a value fails to meet the target 

ranges were recorded and the proportion of sites meeting the suggested target ranges for the seven 

indicators were calculated. Furthermore, a suite of trace elements were also analysed and analytes 

reported in the study include arsenic, cadmium, chromium, copper, mercury, nickel, lead and zinc. 

Nitrate, ammonium, initial water content, particle density and total porosity were also analysed and 

are presented in the appendices 7.1 and 7.2. 

Nine plantation forestry sites had previously been sampled, 1996-2000 (Appendix 7.3 and 7.4), during 

the early development of the national ‘500 Soils Project’ (Hill et al., 2003). Eight of the nine sites were 

re-sampled; one site had undergone a significant amount of disturbance and was not re-sampled. 

Furthermore, of the eight re-sampled sites two sites had also experienced a degree of soil 

disturbance; site number 24 (Table 2) had been converted to pasture and site number 72 had been 

harvested in 2008. As such, site 24 was not included in the report and 2011 site data are presented in 

appendix 7.3 for this site. Site number 72 data is included in the report. Eight newly selected sites 

were also sampled that represented a broad geographical coverage of the Auckland region in 

predominant forests (Figure 1). The eight new sites also consisted of three new soil types 
_________________________________________________________________________________ 
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representative of the Auckland region from the Ultic soil order. The three new soil types were namely 

Hukerenui, Rangiora and Mahurangi [Albic, Mottled and Albic Ultics, respectively, as defined by the 

New Zealand Soil Classification- NZSC (Hewitt, 1998)] and all 15 soil types sampled include the three 

soil orders namely Ultic, Brown and Recent (Appendix 7.4). The status of the seven re-sampled sites 

will be compared with archive data from previous soil samples collected between 1996 and 2000 

(Appendix 7.3). The soil classification, soil series name and year that the site was established are 

listed in Table 2.  

_________________________________________________________________________________ 
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Figure 1. Location of the fifteen plantation forestry sites sampled in 2011.  
Note: no plantation forest sites exist on the Hauraki Islands. 
The soil sampling methodology was comparable to previous year’s soil sampling whereby samples 

were collected every 2m along a 50m transect at a 0-10cm soil depth, for chemistry samples, using a 
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2.5cm diameter corer; 25 individual samples were bulked and this was repeated twice, for both 

chemical and trace elements analysis. For soil physical analysis, three stainless steel rings (10cm in 

diameter and 7.5cm in depth) were pressed into the soil to excavate intact soil cores. The intact soil 

cores were collected at the 15, 30 and 45m intervals along the 50m transect (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. An intact soil core used to establish the soil physical quality of the soil. 
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2.2  Laboratory analysis 

Methods for determination of all soil physical, chemical and biological analysis were those outlined in 

Hill et al. (2003). Briefly, the composite samples were well mixed, air-dried and sieved (<2mm) for 

Olsen P (Olsen et al., 1954). High temperature combustion methods were used for organic carbon 

(OC) and total nitrogen (TN) analyses (Blakemore et al., 1987). Soil pH was measured in deionised 

water at a 2.5:1 water to soil ratio (Blakemore et al., 1987) and AMN was determined under the 

anaerobic (waterlogged) incubation method from field moist conditions (Keeney and Bremner, 1966). 

Back in the physics laboratory, smaller stainless steel rings (5.5cm width and 3cm depth) were used 

to sub-sample the larger rings by pressing into the larger core using a bench mounted drill press. The 

sub-sampling of the larger rings is to correct for any sampling error or bias between field staff and to 

ensure the measurement of a fully intact soil core. The smaller cores were saturated and equilibrated 

at both -5 and -10kPa on ceramic tension plates to determine macroporosities. Dry bulk densities and 

total porosities were calculated from oven (105°C) dry weights.  

Soil samples for trace element concentrations were mixed air dried and sieved to <2mm before 

chemical analysis. Total recoverable arsenic, cadmium, chromium, copper, mercury, nickel, lead and 

zinc were determined by digestion of soil in nitric/hydrochloric acid and trace elements were analysed 

in digest by inductively coupled plasma mass spectrometry (ICPMS) (USEPA 200.8). 

 

2.3  Statistical analysis 

Soil physical properties, OC, TN, AMN, Olsen P and C:N were tested for normality and transformed if 

necessary before being subjected ANOVA to determine changes in soil quality attributes for years 

sampled between 1996-2000 and 2011. Organic C, TN, AMN and Olsen P are expressed on a 

gravimetric. All statistical analyses were carried out using the statistical package Genstat 14 

(GenStat, 2011) and graphics using Sigmaplot 11 (SigmaPlot, 2008). Summary data for trace 

elements concentrations for 8 analytes are presented as Box and Whisker plots. The boxes represent 

the inter-quartile range (25th to 75th percentile) and the whiskers show the range of values that fall 

within the inner fences. Outliers are illustrated with black circles. The median is shown as a line in 

each box.  
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3.0  Results and discussion 
Fifteen sites representing a broad geographical coverage of the Auckland region and covering three 

soil orders (Brown, Ultic and Recent), corresponding to five soil subgroups and seven soil series, 

were sampled to determine the soil quality of plantation forestry sites in 2011 (Table 2). Seven of 

these sites were originally sampled between 1996-2000. The target ranges for seven key soil quality 

indicators for forestry sites for different soil orders are listed in Table 1 (Sparling et al., 2003, Mackay 

et al., 2006, Workshop, 2011, SINDI, 2011). Note that the ranges presented in Table 1 are a 

modification of those presented in a report by Sparling et al. (2003), Mackay et al. (2006) and 

following a more recent ‘Key Soil Quality Review Workshop’ held in May 2011, (Taylor, 2011). The 

site code, soil classification, soil series name and the year that the site was established are listed in 

Table 2.  

Results for soil physical, chemical and biochemical indictors and C/N ratio are presented in Table 3. 

Items highlighted in bold represent values outside the recommended guideline target range. In colour 

print copies, the bold numbers in red are values below the recommended target range and those bold 

colours in blue exceed the recommended target range. Twenty-seven % of sites met all targets 

(Figure 3a). and 27%, 20%, 23%, and 13% of sites had one, two, three and >four indicators outside 

target guidelines, respectively (Figure 3a). Olsen P was the indicator failing to meet recommended 

guidelines on the most occurrences (Figure 3b).  

 

Figure 3. Percentage of plantation forestry sites outside targets for (A) a number of key soil quality 

indicators and for (B) key soil quality parameters. 

Six of the 15 sites (40%) were outside the recommended range for Olsen P concentrations; four of 

which exceeded the target range (Figure 3b and Table 3). Only one of the sites (site 3 - 68 mg/kg). 
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would be considered to be extremely high for forestry and could be attributed to fertiliser drift from 

adjacent pastoral grazed land.  

Five sites sampled had % TN and % OC contents below guidelines and this included all three Pinaki 

sand sites sampled. Pinaki sand soils are very young soils formed within the last 20,000 years on very 

recent sand dunes and as a result have been reported to be too young to develop significant amounts 

of organic material (Claridge, 1961). Furthermore, OC content at one sampled site for a Red Hill sand 

decreased drastically since sampled in 1998 but when all site data was pooled together no significant 

decline in OC was recorded. Particular attention in future sampling events should be focused at this 

site to determine if OC contents continue to decline. 

Four of the 15 sites (27%) fell below the AMN target range (Figure 3b). Anaerobic mineralisable N is 

an estimate of N available for plant uptake through decomposition of soil organic matter. Greater 

organic N contents have been observed on pastoral based systems through contributions of fertiliser 

and N fixation. For forestry soils, very low AMN values are considered to be within the range 5-20 

mg/kg and two sites fell within that particular range. These latter two sites also have TN contents at 

the lower limit (< 0.1%). 

The C/N ratio considered optimal for all land uses and soils from an environmental perspective is 

within the range 7-30 (Sparling et al., 2003). Only one site fell outside this guideline measuring at 35 

and this was also a Pinaki sand site. Two sites with very low AMN concentrations were also Pinaki 

sand sites. A high C/N ratio indicates N deficiency and this would also correspond to the sites with low 

TN and AMN contents (Table 3).  

Table 1. Provisional target ranges for soil pH, organic carbon (%), total nitrogen (%), anaerobic 

mineralisable nitrogen (AMN mg/kg), C/N ratio, bulk density (g/cm3) (Sparling et al., 2003, SINDI, 

2011), Olsen P (mg/kg) (Taylor, 2011) and macroporosity (-10kPa) (% v/v) (Mackay et al., 2006) for 

various soil orders under plantation forestry. 

Soil type Soil pH  OC    TN  Olsen P  AMN  Bulk density Macroporosity  C/N1 

Recent 4-7 >3 0.2-0.7 5-30 40-175 0.8-1.3 8-30 7-30 

Brown 4-7 >3.5 0.2-0.7 5-30 40-175 0.7-1.3 8-30 7-30 

Ultic 4-7 >3.5 0.2-0.7 5-30 40-175 0.7-1.3 8-30 7-30 
1 C/N ratio is not considered a key soil quality indicator but a guideline range for all soil orders and land uses is provided 

In contrast to many findings from pastoral and arable based systems, the majority of macroporosity (-

10kPa) values outside target ranges were high rather than low (Table 2). Greacan and Sands (1980) 

attributed the compaction of forest soils to the pressure tree roots apply to the soil as they increase in 

size as well as the direct effect of heavy harvesting machinery. Mackay et al. (2006) reported that 

timing of sampling is important in relation to harvest rotation of 25-30 years because over this period 

biological activity can encourage topsoil development or enough time has passed to ameliorate 

compacted topsoil. Three of the four sites that exceeded macroporosity (-10kPa) guidelines are 
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located in the same forest and represent Pinaki sand and values for the three sites ranged from 37-40 

% v/v (at -10kPa). Low macroporosity (-10kPa) is less desirable than high macroporosity and 

indicates soil compaction (Curran Cournane et al., 2011). High macroporosity (-10kPa) can 

encourage wind and water erosion as the soil becomes more loose and the soil can become more 

susceptible to climate extremes, particularly drought (Mackay et al., 2006). Soils with high 

macroporosity also have the tendency to become hydrophobic. Macroporosities (-10kPa) of 40% v/v 

are uncommon and are usually the case for excessively draining soil (Mackay et al., 2006) as is the 

case for this soil type (Hicks D, pers comm.)A.  

Given the unusually low initial water contents and volumetric water content at -10kPa, a typical 

measurement of field capacity (Table 4), for the Pinaki sand sites compared to the other sampled 

sites, suggests that hydrophobic conditions could be a factor in the observed high macroporosities. If 

the soil experienced hydrophobic conditions and did not wet up completely in the laboratory the 

volume of micropores will be underestimated and therefore overestimate the volume of macropores. 

This is discussed further below in relation to these sites’ correspondingly high bulk densities.  

ADouglas Hicks- Soil Scientist contractor 

_________________________________________________________________________________ 
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Table 2. Soils and land use classes in the Auckland region sampled in 2011 for soil quality attributes.  

ARC code Site code Year established Current land use NZSC subgroup Soil series 

ARC96_03 2011-05-02 1996 Plantation forestry Mottled Yellow Ultic Whangaripo clay loam 

ARC96_01 2011-03-02 1996 Plantation forestry Mottled Yellow Ultic Whangaripo clay loam 

ARC98_10 2011-22-02 1998 Plantation forestry Typic Sandy Brown Red Hill sand 

ARC98_11 2011-23-02 1998 Plantation forestry Typic Sandy Brown Red Hill sand 

ARC98_12 2011-24-021 1998 Pastoral farming Typic Sandy Brown Red Hill sand 

ARC99_21 2011-58-02 1999 Plantation forestry Typic Sandy Recent Pinaki sand 

ARC99_23 2011-60-02 1999 Plantation forestry Typic Sandy Recent Pinaki sand 

ARC00_10 2011-72-02 2000 Plantation forestry Albic Ultic Marua clay 

ARC11_89 2011-89-01 2011 Plantation forestry Mottled Yellow Ultic2 Whangaripo clay loam 

ARC11_90 2011-90-01 2011 Plantation forestry Mottled Yellow Ultic2 Whangaripo clay loam 

ARC11_91 2011-91-01 2011 Plantation forestry Typic Sandy Recent Pinaki sand 

ARC11_92 2011-92-01 2011 Plantation forestry Albic Ultic2 Hukerenui  

ARC11_93 2011-93-01 2011 Plantation forestry Albic Ultic2 Hukerenui  

ARC11_94 2011-94-01 2011 Plantation forestry Mottled Ultic2 Rangiora 

ARC11_95 2011-95-01 2011 Plantation forestry Albic Ultic2 Mahurangi 

ARC11_96 2011-96-01 2011 Plantation forestry Albic Ultic2 Mahurangi 
1See appendix 7.1 and 7.2 for 2011 site 24 soil measurements. Site number 24 has converted to pasture. 
2Soil classification subject to a comprehensive pedological assessment 
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Table 3. Soil chemical, physical and biological characteristics for 2011 plantation forestry sampled sites within Auckland. Results for macroporosity (-5kPa) 

and C/N ratio in the shaded column are presented but excluded from the determination of meeting the soil quality guideline procedure. 

Site 
number 

Soil series pH Organic 
C % 

Total N % AMN mg/kg Olsen P 
mg/kg 

Bulk density 
g/cm3 

Macroporosity 
(-10kPa). 

(%v/v) 

Macroporosity 
(-5kPa). (%v/v) 

C/N ratio 

3 Whangaripo clay loam 4.75 6.7 0.39 94 68 0.95 15 12 17 

5 Whangaripo clay loam 4.73 7.22 0.44 133 6 0.83 13 11 16 

22 Red Hill sand 6.3 4 0.35 141 32 1.18 22 16 11 

23 Red Hill sand 5.69 3.2 0.24 59 25 0.95 32 25 14 

58 Pinaki sand 5.66 1.8 0.06 19 5 1.48 39 30 29 

60 Pinaki sand 5.18 1.6 0.05 12 16 1.52 37 30 35 

72 Marua clay 5.32 3 0.18 97 4 1.1 8 6 17 

89 Whangaripo clay loam 4.48 6 0.37 49 42 1.1 10 8 16 

90 Whangaripo clay loam 4.75 7.6 0.4 107 5 0.82 22 19 19 

91 Pinaki sand 5.84 2.7 0.11 51 5 1.3 40 33 24 

92 Hukerenui 4.65 6.8 0.24 42 5 1.19 12 10 28 

93 Hukerenui 4.92 5.2 0.2 31 4 1.23 14 12 26 

94 Rangiora 4.66 5.3 0.19 38 5 1.07 17 15 28 

95 Mahurangi 5.05 6.2 0.31 69 43 1.11 14 12 20 

96 Mahurangi 5.34 4.6 0.26 70 19 1.06 14 12 18 
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Two sites, both Pinaki sand (58 and 60), exceeded bulk density guidelines (Table 2), indicating 

compaction; this contrasts with the high macroporosity values observed at these sites and will be 

discussed further below. There were large increases in bulk density when samples collected in 1999 

and 2011 were compared for these two sites, and also for site 22 (Red Hill sand) sampled in 1998 

and 2011 (Table 5). Bulk density significantly increased from 0.93 g/cm3 sampled during 1996-2000 to 

1.15g/cm3 sampled in 2011 equating to a percentage mean change increase of 24% that was largely 

influenced by these three sites (Table 5). For repeat sites, absolute soil quality changes and 

percentage mean change comparisons (mean ([2011 value – original value)]/original value x100)), for 

sampling periods 1996-2000 and 2011, are presented in Table 5. 

 

Table 4. Initial water content, volume water content -10kPa, macroporosity -10kPa, bulk density, 

particle density and total porosity for the 15 plantation forest sites.  

Site 
number 

Initial 
water 

content    
(% w/w) 

Volume water 
content 10kPa 

(% v/v) 

Macroporosity 
-10kpa (% v/v) 

Bulk 
density 
(g/cm3) 

Particle 
density 
(g/cm3) 

Total 
porosity  

(% v/v) 

3 53.47 47.53 14.73 0.95 2.51 62.27 

5 64.73 52.60 13.43 0.83 2.45 66.03 

22 28.33 35.27 22.43 1.18 2.79 57.70 

23 40.07 33.23 31.50 0.95 2.68 64.73 

58 8.67 7.77 39.43 1.48 2.81 47.20 

60 7.80 10.10 37.00 1.52 2.87 47.10 

72 47.17 48.90 8.20 1.10 2.57 57.10 

89 44.17 47.03 9.83 1.10 2.55 56.87 

90 55.53 44.73 21.83 0.82 2.46 66.57 

91 12.60 12.00 39.50 1.30 2.68 51.50 

92 37.30 42.73 11.50 1.19 2.60 54.23 

93 32.57 38.80 14.13 1.23 2.60 52.93 

94 40.10 39.60 17.40 1.07 2.49 57.00 

95 37.93 42.13 13.73 1.11 2.52 55.87 

96 42.27 44.17 13.63 1.06 2.49 57.80 

Note high particle densities for sites 22, 23, 58, 60 and 91 corresponding to soils derived from iron sands.  

Note sites numbers 58, 60 and 91 with very low initial water content possibly suggesting hydrophobicity. 
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The bulk density of the three Pinaki sand sites averaged at 1.43 g/cm3, an unexpected value given the 

high macroporosities observed at these sites. A possible explanation for such high bulk densities for 

the Pinaki sand can be attributed to the soil’s inherent properties. In New Zealand, iron sands have 

been reported to be highest on the western inner-middle shelves between Auckland and Taranaki 

(Carter, 1980). Pinaki sands on these western shelves of Auckland have been identified to contain 

heavy minerals such as augtite and hornblendes, and some magnetite, the latter being a component 

of ironsands (Claridge, 1961). These heavy minerals can originate by the sea in suspension that 

disperse inland once dried out. Prevailing winds blow these materials and sand inland from sand 

dunes and beaches assisting in the formation of the Pinaki sand (Claridge, 1961). High bulk densities 

have also been observed for Pinaki sand sites under pastoral based systems in conjunction with high 

macroporosity measurements. For example, samples taken underneath well established fence lines 

(>5 years) in pasture for two Pinaki sand sites averaged at 1.04 g/cm3 and 30% v/v for bulk density 

and macroporosity, respectively (Curran-Cournane et al., 2013). Such high macroporosities are 

typically linked with low bulk densities and vice versa (Curran Cournane et al., 2010a, Curran 

Cournane et al., 2010b), but for the Pinaki sand soils the heavy minerals likely contribute to an 

increase in bulk density and is not necessarily indicative of soil compaction but is a distinctive 

characteristic of these soil types. Although there were occasional signs of cattle defecation and deer 

grazing between sites, this was more likely to be associated with roaming stock under low intensive 

grazing as it was not picked up in macroporosity, a more sensitive indicator of soil compaction 

(Curran Cournane et al., 2011). 

As previously mentioned, the high macroporosity could also be related to errors associated with 

hydrophobicity at the Pinaki sand sites which exhibited very low volumetric water contents (Table 4). If 

the soil experienced hydrophobic conditions and did not wet up completely in the laboratory the 

volume of micropores will be underestimated and therefore overestimates the volume of macropores 

(Fraser S pers. comm., Landcare Research). It is difficult to identify the lack of complete wetting up of 

cores in the laboratory without disturbing an intact soil core. In future, additional cores should be 

sampled at these sites to test for hydrobophicity by cutting the extra cores after the cores had 

presumably reached saturation point. The latter would confirm or rule out the hydrophobic possibility. 

Another possible explanation for the reported increase in bulk density regards the influence changes 

in OC contents have on both bulk density and particle density at these Pinaki sand sites. When first 

sampled in 1999 the particle density at Pinaki site numbers 58 and 60 were 2.57 and 2.71 g/cm3, 

respectively (Sparling et al., 2000), versus 2.81 and 2.87 g/cm3, respectively, when re-sampled in 

2011. In contrast to the seven key soil quality indicators, particle density generally remains constant in 

soil and does not change. However, OC soil contents are not as stable in soil. Mean OC contents at 

these two Pinaki sand sites in 1999 measured 2.6% versus 1.7% in 2011. During the 1999 sampling 

period the increase in OC reflected a mean bulk density of 0.96 g/cm3 and mean particle density for 

2.6 g/cm3 for these two sites. In comparison, the mean 1.7% OC content recorded at these sites in 

2011 reflected a mean bulk density of 1.5 g/cm3 and mean particle density of 2.84 g/cm3. Therefore, a 
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decrease in OC contents reflects an increase in bulk density and particle density as was observed at 

these sites sampled in 2011. 

Alternatively, it is not possible to rule out the possibility of spatial variability as an enduing factor. The 

hand held GPS equipment, Garmin GPSmap 78 model, used to locate these sites generally has an 

accuracy of up to 3 metres, which can increase under canopy. It is therefore possible that spatial 

variability played a factor in the soil quality changes observed at the Pinkai sand sites. 

Overall, the three Pinaki sand sites had a major influence on results with more than three indicators 

failing to meet recommended guidelines. It is suggested that more sampling sites are identified in the 

future that represent a broader range of soil orders to ensure one soil type alone does not have such 

a dominating impact on results. 

There were no significant differences for the remaining soil quality indicators between the two 

sampling periods (Table 5) and suggests that the site that had been harvested prior to the 2011 soil 

sampling event did not skew the results.  

In contrast, to the majority of horticultural, dairy and drystock reported sites which record low 

macroporosity (Sparling, 2009, Fraser and Stevenson, 2011, Stevenson, 2010, Curran-Cournane et 

al., 2013), the indicator outside target ranges on most occurrences, soil macroporosity was less of an 

issue under plantation forestry. Pastoral and horticultural sites also tend to have Olsen P 

concentrations higher than the recommended requirements for these land uses. While four sites in the 

current study had Olsen P concentrations higher than the recommended range, it is less of an 

extensive issue for plantation forestry. 
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Table 5. Changes in soil quality attributes for plantation forestry sites in the Auckland Region sampled 1996-2000 and repeated in 2011.  

Site 

number 

First 

sampled 

Second 

sampled Soil type 

Soil 

pH 

Organic 

C % Total N % C/N 

Olsen P 

mg/kg 

AMN 

mg/kg 

Macroporosity 

-5kPa (%v/v) 

Bulk density 

g/cm3 

3 1996 2011 Whangaripo clay loam 0.08 2.08 0.09 1.69 34.11 54.2 -0.27 -0.10 

5 1996 2011 Whangaripo clay loam -0.20 1.62 0.14 -2.26 -6.55 67.7 3.91 -0.01 

22 1998 2011 Red Hill sand 1.03 -1.37 -0.13 0.27 9.84 62.1 -18.56 0.42 

23 1998 2011 Red Hill sand 0.79 -7.76 -0.52 -0.90 -51.74 -30.0 6.97 0.04 

58 1999 2011 Pinaki sand -0.06 -2.38 -0.20 12.93 -0.24 -42.8 2.30 0.59 

60 1999 2011 Pinaki sand -0.71 0.70 0.01 12.43 9.68 3.18 -13.30 0.50 

72 2000 2011 Marua clay 0.24 -1.72 -0.01 -8.43 -0.98 40.59 -12.33 0.06 

            

  Mean change  0.17 -1.26 -0.09 2.25 -0.84 22.14 -4.47 0.21 

  SED  0.27 1.41 0.11 3.76 13.04 15.26 5.97 0.11 

  F-statistic  ns ns ns ns ns ns ns 0.05 

  Mean change (%)  3.56 -5.69 -12.37 14.09 24.27 46.2 -7.56 24.30 
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Trace element concentrations were within target ranges for soil health for all analytes (Figure 3). It is 

recommended that these sites are re-sampled in 5-10 years’ time.  
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Figure 3. Trace element concentrations (mg/kg) at the 15 soil quality monitoring sites. The dashed 

grey lines illustrate where an analyte is approaching the upper limit for soil health. The boxes 

represent the inter-quartile range (25th to 75th percentile) and the whiskers show the range of values 

that fall within the inner fences. Outliers are illustrated with black circles. The median is shown as a 

line in each box. 
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4.0  Conclusions and recommendations 
The key soil quality indicator outside target ranges on most occurrences was Olsen P. However, this 

should be interpreted with caution because only one site would be considered seriously over 

guidelines and was possibly associated with fertiliser drift from adjacent pastureland. Five sites had 

both TN and OC contents below guidelines, three of which included all Pinaki sand sites. Pinaki sand 

soils are very young, recently formed soils and have been reported to be too young to develop 

significant amounts of organic material (Claridge, 1961). Organic C content at one sampled site for 

Red Hill sand decreased drastically but when all site data was pooled together no significant decline 

in OC was recorded. Particular attention in future sampling events should be focused at this site to 

determine if OC contents continually decline. Two sites fell within the very low guideline range for 

concentrations of AMN and these two sites had correspondingly low (< 0.1 %) TN contents. 

Macroporosities (-10kPa) were above guidelines for all three Pinaki sand sites sampled. Although low 

macroporosity is less desirable, indicating soil compaction, soils with high macroporosity are prone to 

soil erosion, hydrophobicity and excessive draining. In contrast, bulk density increased for the re-

sampled Pinaki sand sites which likely influenced the significant increase in bulk density that was 

observed when 2011 results were compared to those sampled between 1996-2000.  

Overall, the three Pinaki sand sites had a major affect on results with more than three indicators 

failing to meet recommended guidelines. These three sites aside, soil quality was generally better 

under plantation forestry than that for the recently sampled horticultural, dairy and drystock sites in 

Auckland. In contrast, to the majority of horticultural, dairy and drystock reported sites which record 

low macroporosity, the indicator outside target ranges on most occurrences, soil macroporosity was 

less of an issue under plantation forestry. Pastoral and horticultural sites also tend to have Olsen P 

concentrations higher than the recommended requirements for these land uses. While four sites in the 

current study had Olsen P concentrations higher than the recommended range, it is less of an 

extensive issue for plantation forestry.  

It is suggested that more sampling sites are identified in the future that represent a broader range of 

soil types to ensure one soil type alone does not have such a dominating impact on results. It is also 

recommended that all these sites are re-sampled several more times at five-yearly intervals to 

determine long-term temporal trends in soil quality properties for plantation forestry. 

 

 

_________________________________________________________________________________ 

Soil Quality of Plantation Forestry Sites in the Auckland Region 2011 25 
     

 



 

5.0  Acknowledgements 
Mike Martindale is thanked for assisting with soil sampling. Expert soil advice was greatly appreciated 

from Dr. Douglas Hicks. Laboratory analyses were carried out by Watercare Laboratory Services and 

Landcare Research. Particular thanks to John Claydon and Danny Thornburrow from Landcare 

Research for discussions over results. Landowners are thanked for allowing access to sites and for 

cooperation. Dr. Scott Fraser is thanked for thoroughly reviewing this report and for providing 

excellent suggestions for its improvement.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

_________________________________________________________________________________ 

Soil Quality of Plantation Forestry Sites in the Auckland Region 2011 26 
     

 



 

6.0 References 
Blakemore, L. C., Searle, P. L. and Daly, B. K. 1987. Methods for chemical analysis of soils. NZ Soil 

Bureau Scientific Report 80, Lower Hutt, DSIR Soil Bureau. 

Carter, L. 1980. Ironsand in continental shelf sediments off western New Zealand- a synopsis. New 

Zealand Journal of Geology and Geophysics, 23, 455-468. 

Claridge, G. G. C. 1961. Mineralogy and origin of the yellow-brown sands and related soils. New 

Zealand Journal of Geology and Geophysics, 4, 48-72. 

Curran-Cournane, F., Fraser, S., Hicks, D. L., Houlbrooke, D. J. and Cox, N. 2013. Changes in soil 

quality and land use in grazed pasture within rural Auckland. New Zealand Journal of 

Agricultural Research, 56, 102-116. 

Curran Cournane, F., Mcdowell, R. W. and Condron, L. M. 2010a. Do aggregation, treading and dung 

deposition affect phosphorus and suspended sediment losses in surface runoff? Australian 

Journal of Soil Research, 48, 705-712. 

Curran Cournane, F., Mcdowell, R. W. and Condron, L. M. 2010b. Effects of cattle treading and soil 

moisture on phosphorus and sediment losses in surface runoff from pasture New Zealand 

Journal of Agricultural Research 53, 365-376. 

Curran Cournane, F., Mcdowell, R. W., Littlejohn, R. P. and Condron, L. M. 2011. Effects of cattle, 

sheep and deer grazing on soil physical quality and phosphorus and suspended sediment 

losses in surface runoff. Agriculture Ecosystems and Environment, 140, 264-272. 

Curran Cournane, F. and Taylor, A. 2013. Land and Soil Monitoring Programme. Auckland Council 

Technical Report. TR 2013/019. 

Dominati, E., Patterson, M. and Mackay, A. 2010. A framework for classifying and quantifying the 

natural capital and ecosystem services of soils. Ecological Economics, 69, 1858–1868. 

Fraser, S. and Stevenson, B. 2011. Soil quality of drystock sites in the Auckland Region 2010. 

Prepared by Landcare Research for Auckland Regional Council. Auckland Regional Council 

Technical Report 2011/011. 

Genstat 2011. Genstat for Windows. Fourteenth Edition. VSN International Ltd, Oxford. 

Greacan, E. L. and Sands, R. 1980. Compaction of forest soils. A review. Australian Journal of Soil 

Research, 18, 163-189. 

Hewitt, A. E. (ed.) 1998. New Zealand Soil Classification: Manaaki Whenua Press: Lincoln, New 

Zealand. 

Hill, R. B., Sparling, G. P., Frampton, C. and Cuff, J. 2003. National soil quality review and program 

design. Ministry for the Environment Technical Report 74, Ministry for the Environment, 

Wellington. 

Keeney, D. R. and Bremner, J. M. 1966. Comparison and evaluation of laboratory methods of 

obtaining an index of soil nitrogen availability. Agronomy Journal, 58, 498-503. 

Mackay, A., Simcock, R., Sparling, G., Vogler, I. and Francis, G. 2006. Macroporosity. Internal SLURI 

report. AgResearch, Hamilton. Internal SLURI report. AgResearch, Hamilton. 

_________________________________________________________________________________ 

Soil Quality of Plantation Forestry Sites in the Auckland Region 2011 27 
     

 



 

NZLRI 2010. New Zealand Land Resource Inventory NZLRI. Landcare Research 

http://lris.scinfo.org.nz/#/layer/79-fsl-new-zealand-soil-classification/  

Olsen, S. R., Cole, C. V., Watanabe, F. S. and Dean, L. A. (eds.) 1954. Estimation of available 

phosphorus in soils by extraction with sodium bicarbonate: United States Department of 

Agriculture Circular No. 939. Washington, D.C. USA 

Sigmaplot 2008. Version 11.0 for Windows. 'Michigan Avenue, Chicago, IL, 60611'. 

Sindi 2011. SINDI Soil Quality Indicators, Landcare Research http://sindi.landcareresearch.co.nz/. 

Sparling, G. 2009. Soil quality of horticultural sites in the Auckland region. Prepared by Landcare 

Research for Auckland Regional Council. Auckland Regional Council Technical Report 

2009/008. 

Sparling, G., Lilburne, L. and Vojvodic-Vucovic, M. 2003. Provisional targets for soil quality indicators 

in New Zealand. Landcare Research Science Series No. 34. Manaaki Whenua Press. Lincoln 

Canterbury, New Zealand. 

Sparling, G., Rijkse, W., Wilde, H., Van Der Weerden, T., Beare, M. and Francis, G. 2000. 

Implementing soil quality indicators for land. Research Report for 1999/2000. Supported from 

the Sustainable Management Fund, MfE Project Number 5089. Landcare Research Contract 

Report: 0001/059. 

Stevenson, B. 2010. Soil quality of dairy sites in the Auckland region 2010. Prepared by Landcare 

Research for Auckland Regional Council. Auckland Regional Council Technical Report 

2010/026. 

Taylor, M. D. 2011. Towards developing targets for soil quality indicators in New Zealand: Findings of 

a review of soil quality indicators workshop, 6th May 2011. Unpublished report, Land 

Monitoring Forum. 

Workshop 2011. Key Soil Quality Review Workshop. Greater Wellington Regional Council attended 

by soil science experts from CRI’s and Regional Councils across New Zealand, 06 May 2011. 

 

 

_________________________________________________________________________________ 

Soil Quality of Plantation Forestry Sites in the Auckland Region 2011 28 
     

 

http://lris.scinfo.org.nz/%23/layer/79-fsl-new-zealand-soil-classification/
http://sindi.landcareresearch.co.nz/


 

7.0 Appendices 
7.1 2011 Soil Chemistry data 
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7.2 2011 Soil Physics data 
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7.3 Archived soil chemical and physical data 1996-2000 for plantation 
forestry  

Table 5. Data compiled from 1996-2000 results used to assess changes in the soil quality of forestry 
sites 

Site 
number 

Year 
sampled 

pH Organic 
C % 

Total 
N% 

AMN 
w/w 

Olsen P 
(mg/kg) 

Bulk 
Density 
(g/cm3) 

Macroporosity-
5kPa (%v/v)3 

3 1996 4.67 4.60 0.30 40 33.8 1.05 12.6 

5 1996 4.93 5.60 0.30 65 12.8 0.84 7.4 

22 1998 5.27 5.34 0.49 79 22.0 0.76 34.7 

23 1998 4.90 10.97 0.76 89 76.5 0.91 17.6 

24 1998 5.53 9.37 0.86 170 13.8 0.64 23.4 

24 20111 5.81 3.82 0.4 86.1 34.8 1.1 4.2 

58 1999 5.72 4.20 0.26 62 5.1 0.89 27.6 

592 1999 6.07 0.55 0.03 0 9.2 1.44 31.9 

60 1999 5.89 0.92 0.04 9 5.8 1.02 42.9 

72 2000 5.08 4.72 0.19 56 5.0 1.05 18.4 

1 Site converted to pasture in the 2011 sampling 
2 Site no longer existed in 2011 sampling year as a result of land use change 
3 Macroporosity -5kPa only analysed prior to 2008 soil sampling events 
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7.4  Site and soil type details for all 16 sites sampled 
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