
 

 

 

 

 

THE OCCURRENCE AND CAUSES OF PASTURE PULLING 

UNDER DAIRY FARMING ON PUMICE SOILS 

 

 

A thesis 

submitted in partial fulfilment   

of the requirements for the degree 

of 

Master of Science (Research) 

in 

 Earth Sciences 

at 

The University of Waikato 

by 

Emma Rosiland Bagley 

 

 

 

2015 

 

 

 

 

 





 

i 
 

Abstract  

The occurrence, and causes, of pasture pulling under dairy farming on Orthic 

Pumice Soils (Typic Udivitrands) in the central North Island of New Zealand was 

investigated. Pasture pulling occurs on Pumice Soils, where dairy cows pull 

clumps of pasture from the soil, thus diminishing pasture production. The overall 

objective of this study was to investigate the occurrence, and establish the 

causes, of pasture pulling under dairy farming on Orthic Pumice Soil in the 

Central North Island, New Zealand. 

 

Fifteen paddocks containing pasture of differing ages were investigated at 

Pouakani dairy farm near Mangakino. Soil profile descriptions were undertaken, 

and samples were taken seasonally to monitor root depth and density, soil 

macrofauna, soil dry bulk density, and penetration resistance. Pasture pulling 

was monitored every 3 weeks by recording the number and size of pulls in a 4 m2 

quadrant at five points equally spaced along a transect in 15 paddocks.   

 

Pasture pulling was recorded in all paddocks and occurred throughout the year, 

but was most common during the late summer and autumn. Up to 80 % of the 

root biomass was in the 0-5 cm depth. The 5-10 cm depth generally showed 

increased compaction with higher soil dry bulk density and penetration resistance 

then the surface soil. Pastures in isolated clumps were more commonly pulled 

than more evenly spread pastures. There was an interaction between pasture 

age and size of pulls, with more medium and large sized pulls in the younger (1-3 

year old) pastures.  Although anecdotal evidence reports worse pulling in 

younger pastures, we did not find strong evidence for that assertion. 

 

Pasture pulling in 2014 at Pouakani dairy farm was not more obviously impacted 

by insects. Grass population numbers were uniformly low, and black beetle was 

rarely seen.  

 

Perennial ryegrass was dominant in all paddocks. The paddocks with older, more 

established pastures contained a higher proportion of other grass species and 

weeds. Only grass was pulled, other species such as clover, chicory and weeds 

were not pulled by grazing stock. A pasture pulling index, created to account for 

the size distribution of the pulls, was more effective at illustrating the seasonal 

trends associated with pasture pulling than the mean total pulls per quadrat. 

 

Overall, the pasture pulling was not severe at Pouakani Dairy farms in 2014. This 

study has not discovered one sole cause of pasture pulling at Pouakani dairy 

farms, but has identified a number of soil characteristics that may be contributing, 

including; limited rooting depth, low root density in the 5-10 cm depth, increased 

compaction with depth, less cohesive soil when it has low moisture, and the 

incidence of pasture growing in clumps. 
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Chapter 1  - General Introduction  

1.1 Background and motivation 

Pasture pulling is an issue of concern in the central North Island, notably 

in Pumice soils. Pasture pulling occurs where grazing livestock pull whole 

clumps of pasture from the soil. Pasture pulling can diminish pasture 

production, allow weed invasion, and result in the pasture becoming less 

palatable to livestock. The mechanisms and causes of pasture pulling are 

poorly understood, but may be catalysed by a number of factors, including 

combinations of: soil compaction, hard pans, chemical enrichment or 

depletion, nutrient availability, damage to plant roots by grass grubs, 

pasture composition, weather and soil moisture conditions, and shallow 

rooting depths.  

 

My research was undertaken at Pouakani dairy farms, located near 

Mangakino in South Waikato (Figure 1.1), which is owned by the 

Wairarapa Moana Incorporation.  

Figure 1.1: The field area was approximately 10 km from     
Mangakino in the Central North Island of New Zealand (Underlying 
map from Google, 2014). 
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Figure 1.2: Pasture "pulled" from the soil with minimal force. 

The Wairarapa Moana Incorporation owns 10,695 ha of land which was 

previously native bush and scrub, and has since been converted to a dairy 

unit (2,870 ha), a sheep and beef unit (1,325 ha), and the remaining 6,500 

ha a forestry block. The dairy unit was previously in sheep and beef, then 

gradually converted over the last 30 years. Pasture pulling (Figure 1.2) 

has been a problem on the farms (especially on the dairy unit) for several 

years, and reported by farm managers to be most prominent in relatively 

young pasture (1-2 years old). The dairy farms investigated were all 

situated on Pumice Soil, which is very friable, and exhibits moderate soil 

strength.  
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1.2 Objectives 

The overall purpose of my thesis was to investigate the occurrence, and 

establish the causes, of pasture pulling under dairy farming on Orthic 

Pumice Soil in the Central North Island, New Zealand.  

 

I have a series of alternative hypotheses:  

a) Pasture pulling occurs where soil compaction is limiting the 

downward expansion of roots. 

b) Pasture pulling occurs when there is severe damage to roots as a 

result of grass grub infestation. 

c) More pasture pulling occurs when soil has lower moisture content.  

d) Younger pastures are more prone to pasture pulling.  

 

My specific objectives were to:  

(1) Identify and monitor paddocks that consist of one year old pasture, and 

compare them with paddocks which contain established pasture (greater 

than four years old) which was not expected to pull, as well as two and 

three year old paddocks (addresses hypothesis d).  

 

(2) Monitor selected sites to examine seasonal changes, measuring 

parameters such as weather and soil moisture conditions, pasture 

composition, rooting depth, and presence of grass grub or black beetle 

(addresses hypotheses b, c and d). 

 

(3) Undertake laboratory analyses to investigate soil chemical and 

physical properties to establish if they change seasonally, or are 

correlated with occurrence of pasture pulling (addresses hypotheses a, c 

and d). 

 

(4) Use statistical analyses to try and identify the major factors that 

contribute to the occurrence of pasture pulling (addressing all alternative 

hypotheses). 
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Chapter 2  - Literature R eview  

2.1 Introduction 

The mechanisms and causes of pasture pulling are poorly understood. 

This chapter reviews literature surrounding pasture pulling, and the 

conditions that lead to pasture pulling. It also highlights studies on pumice 

soils. This literature review defines pasture pulling and its occurrence and 

the conditions that lead to pasture pulling. Soil physical conditions (soil 

type, compaction and root penetration), chemical conditions (nutrient 

availability and chemical enrichment), and biological conditions (pasture 

species variation and soil biology) are discussed. Information on different 

pasture sowing methods and their influence on pasture persistence and 

susceptibility to pulling is included. 

 

2.2 Pasture pulling definition and its occurrence 

Pasture pulling can be defined as the physical removal of clumps of 

pasture plants and some roots, from the sward by cows during grazing 

(Thom et al., 2003). Pasture pulling is of concern to farmers due to the 

potential to reduce sward productivity and persistence, and the increased 

likelihood of weed invasion (Crush et al., 2002; Thom et al., 2003). 

Pasture pulling is known to be at its most prominent during the late 

summer and autumn (February-April) (Tallowin, 1985; Blank & Olson, 

1988; Houlbrooke, 1996).  

2.3 The influence of soil properties on pasture pulling 

2.3.1 Soil type 

The soil type is an important factor to be considered when investigating 

the causes of pasture pulling. Pasture pulling can be influenced by the in 

situ strength of the soil and its ability to resist tensile strain. Houlbrooke 

(1996) researched pasture pulling on three different soil types in the 

Hamilton basin. Trends showed that the Te Kowhai silt loam (Gley soil), 

which had greatest soil strength, suffered the least pulling compared to the 
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Te Rapa peaty silt loam, which had the lowest soil strength and the most 

pasture pulling. Thom et al. (1996) also found that a higher level of pasture 

pulling occurred on peat soils rather than on silt loam soil. Thom et al. 

(2003) reported that leaf width, and therefore leaf strength (which can 

influence the likelihood of a pasture being pulled) was greater when 

pasture plants were grown on a Te Kowhai silt loam rather than the Te 

Rapa peaty silt loam. This is an example of the ability of ryegrass lines to 

change their morphology in response to the environment they are growing 

in (Thom et al., 2003).  

2.3.2 Soil moisture  

Soil moisture changes may influence pasture pulling. A study conducted 

by Thom et al. (1998) compared the herbage production, persistence and 

crown rust resistance on different ryegrass varieties. All ryegrass varieties 

pulled the worst during year 3 of the trial, which was also when the plants 

were under water stress due to an extended dry period which occurred 

from late spring to early autumn (Thom et al., 1998). A 3 - 4 fold increase 

in pulling was observed during grazing in the dry period compared with 

years 1 and 2. Bahmani et al. (2001) and Thom et al. (1996) also reported 

that low soil moisture levels can lead to increased ryegrass pulling. In 

contrast,  Houlbrooke (1996), suggested that pasture pulling in the late 

summer and throughout autumn occurred when soil moisture begins to 

increase.  

2.3.3 Pumice soil properties  

Pumice Soils (NZ soil classification, equivalent to Vitrands in Soil 

Taxonomy) are derived from sandy or pumiceous volcanic ashes, which 

are relatively young (Hewitt, 2010). Pumice soils occur predominantly in 

the central North Island, and cover 7 % of New Zealand (Hewitt, 2010; 

Landcare Research, 2014). Pumice soils are formed on weakly 

weathered, coarse textured, glassy and pumiceous rhyolitic deposits 

derived from the Taupo eruption in c. 232 AD ± 15 and the Kaharoa 

eruption in c. 1314 AD ± 12 (Lowe & Palmer, 2005). Pumice Soils 

generally have weak to very weak soil strength, and often have apedal 

earthy or single grain pedality (Hewitt, 2010). Pumice soils generally 
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contain a low (less than 10 %) content of clay (Landcare Research, 2014), 

and typically contain allophane (Hewitt, 2010). Some soil layers may be 

welded, which may express greater soil strength. Pumice Soils can 

provide a deep rooting medium (Landcare Research, 2014), except in 

welded flow tephraôs which can act as a compacted layer (Hewitt, 2010). 

Pumice Soils are sensitive, meaning they can undergo a sudden loss of 

strength (Selby & Hodder, 1993), resistant to pugging, and can be 

susceptible to compaction on loading (Hewitt, 2010). Pumice Soils also 

contain low reserves of major nutrient elements such as sulphur, nitrogen, 

magnesium and phosphorus. Trace elements such as copper, cobalt, 

boron and selenium are likely to be deficient (Lowe & Palmer, 2005; 

Hewitt, 2010; Landcare Research, 2014).  

 

The vesicular nature of pumice strongly influences the density and 

porosity of pumice soils, which have high macroporosity (Landcare 

Research, 2014). Pumice soils have low bulk densities, generally less than 

1.0 g/ml throughout the profile (Read, 1974). Low soil dry bulk density, and 

easy entrainment of pumice particles due to their coarse textures, makes 

Pumice Soils easily eroded, therefore gully erosion is prominent. Pumice 

Soils are susceptible to droughts (Selby & Hosking, 1973). Because of the 

coarse texture and susceptibility to droughts earthworm populations are 

low in pumice soils (Landcare Research, 2014). The sandy gravel textures 

of Pumice Soil enables the soil to be very porous and drain rapidly, which 

results in low moisture levels (Molloy et al., 1998).  

 

2.4 The influence of soil compaction, soil strength, and root 
penetration on pasture pulling 

2.4.1 Soil compaction  

Soil compaction is a common problem under grazing both in New Zealand 

and overseas, and can be influenced by soil type, soil moisture conditions, 

and stocking rate. Soil compaction can be defined as a change in soil 

volume leading to increased soil dry bulk density, reducing the air volume 

and causing closer packing of the soil particles (Hillel, 1980). Soil 
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compaction can be caused when dairy cattle tread wet soil, resulting in 

decreases in macroporosity, soil hydraulic conductivity, and permeability 

(Drewry et al., 2008; Crush & Thom, 2011). Drewry et al. (2004), reported 

that soil is most susceptible to compaction and deformation in wet spring 

conditions. Soil compaction can contribute to reduced plant and pasture 

cover, and contribute to erosion and surface runoff (Drewry et al., 2008).  

 

Measuring the soil dry bulk density can give an indication of the level of 

compaction in a soil, as soil dry bulk density includes the pore space in the 

soil (McLaren & Cameron, 1996). The increase in soil dry bulk density can 

also restrict root development (Harrison et al., 1994). The harmful effects 

of soil compaction can last for many months. The effects of soil 

compaction are most apparent at the 5-10 cm soil depth (Drewry et al., 

2004; Crush & Thom, 2011).  

2.4.2 Soil Strength  

Soil strength is defined by McLaren and Cameron (1996) as ñthe ability of 

soil to resist a force without shearingò. Volcanic ash soils have lower 

cohesion than predominately clay soils, and therefore are more prone to 

erosion (McLaren & Cameron, 1996). Soil strength can be indirectly 

measured using a penetrometer, which measures the force required to 

push the tip of the penetrometer into the soil. It is useful for measuring the 

resistance of a soil to root penetration (McLaren & Cameron, 1996). 

Penetration resistance is strongly dependant on the water content of the 

soil (McLaren & Cameron, 1996).  

2.4.3 Root penetration  

Plant root systems are an important factor that are intimately involved in 

pasture pulling. Plant root systems not only absorb water and nutrients 

from the soil, but also act as an anchor to prevent the plant from being 

uprooted. Uprooting can be associated with root systems that undergo 

restricted growth due to a shallow compacted layer of soil (Crush et al., 

2002).  Ennos (1990) stated that the pull-out resistance of the roots is 

directly proportional to the length of roots. It is better to have many thin 
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roots as opposed to minimal tap roots, as many thin roots would use more 

soil material for anchorage than single tap roots (Ennos, 1990).  

 

Severe cases of ryegrass pulling have been observed in the Horotiu soil 

under dairy pastures in the Waikato region, resulting in re-sown pasture 

(Crush et al., 2002). In the re-sown pastures, ryegrass roots were 

predominately found in the top 50 mm of soil, with no roots below 200 mm. 

Crush et al. (2002) suggested that a deeper rooting system would reduce 

pasture pulling, increase access to moisture as the topsoil dries, and 

increase nutrient uptake and thus reduce nitrate leaching.  

 

The penetration resistance of a soil can determine variations in root 

development. Increased penetration resistance in compacted soil can 

reduce the downward growth of roots (Crush & Thom, 2011; Becel et al., 

2012). Houlbrooke (1996) observed that pasture pulling may be related to 

increased soil compaction measured by penetration resistance between 7 

and 10.5 cm depth, as the clumps appear to be pulled at this depth, and it 

is possible that the compacted layer acts as a barrier to root growth. The 

growth of ryegrasses in tephra soils decreased as the soil dry bulk density 

increased from 0.9 to 1.0 mg/m3, with a concurrent increase in penetration 

resistance of 30 %, and  root length decreased by up to 50 % between the 

range of soil dry bulk densities measured (Houlbrooke et al., 1997).  

 

Compact zones with high soil dry bulk density can restrict root penetration 

and the radial growth of roots (Unger & Kaspar, 1994; Cook et al., 1996). 

Ryegrass has some difficulty growing roots through a compacted soil layer 

as it possesses fine roots (Crush & Thom, 2011). Cook et al. (1996) found 

that impedance of the soil negatively affected the growth rate and, 

therefore, final length of roots.  
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2.4.4 Subsoiling  

Subsoiling is defined as the loosening of compacted soil layers (Harrison 

et al., 1994). Subsoiling can be used to break up a compacted soil layer 

and enable; the downward growth of roots, increased soil macroporosity 

and air permeability, and reduced soil dry bulk density (Crush & Thom, 

2011). Subsoiling significantly improved soil physical properties such as 

decreasing soil dry bulk density, and increasing macroporosity and air 

permeability in a Pallic Soil in Southland (Drewry et al., 2000). The effects 

were evident up to 2.5 years after the treatment, however re-compaction 

of the upper 18 cm of soil profile occurred.  

 

The effects of subsoiling on an 8 year old dryland pasture soil in 

Canterbury, New Zealand, led to significantly greater root lengths and a 

higher percentage of roots penetrating below the 30 cm depth. Subsoiling 

reduced soil bulk density by 11 % and increased porosity compared to 

unloosened soil, which enabled pasture roots to penetrate compacted 

horizons which couldnôt be penetrated before the subsoiling (Harrison et 

al., 1994). Harrison et al. (1994) also reported that subsoiling also resulted 

in a significant increase in pasture production in the first 3 months after 

subsoiling.  

 

2.5 Chemical conditions that influence pasture pulling 

2.5.1 Aluminium solubility  

Aluminium toxicity in soils can impede the development of roots, which 

could enable the pasture to be pulled more readily from the soil. 

Aluminium toxicity is influenced by the pH, in which a lower pH increases 

the solubility of aluminium.  A pH of <5 can impede plant development 

(Álvarez et al., 2005). Aluminium availability in soils can cause reduced 

root elongation, and at high aluminium levels, death of the plant (Robson, 

1989).  Lateral roots are impacted more than primary roots, and can give a 

typical óstubbyô root appearance. A result of increased aluminium 

availability is that it creates an inefficient root system for absorbing 

nutrients and water (Robson, 1989).  



Chapter 2 
Literature Review 

11 
 

2.5.2 Nutrient availability  

The use of nitrogen fertilisers may affect the severity of pasture pulling 

(Oswalt et al., 1959; Mitchell & Dickens, 1979). Nitrogen fertilisation 

influences the rates of growth of both stem and root tissue of pasture, with  

higher nitrogen fertilisation rates giving increased pasture growth, and 

reduced root elongation (Oswalt et al., 1959). Soil sod strength decreased 

with increasing amounts of nitrogen available to the grass, which Mitchell 

and Dickens (1979) suggested may be the result of temporary salt 

damage to the root system. It was also suggested by Mitchell and Dickens 

(1979) that the strength of roots could be reduced by applications of 

nitrogen fertiliser as available carbohydrate was diverted from root to 

shoot growth.  

 

A study conducted by Bahmani et al. (2001) reported that the highest 

pulling levels occurred when nitrogen fertiliser was applied without 

irrigation. However this contrasts with the findings of Thom et al. (2003), 

who reported that nitrogen fertiliser inputs did not affect clump shear 

strength or pulling in an experiment which investigated the pulling 

tolerances between two perennial ryegrass cultivars. 

 

2.6 The influence of pasture species variation on pasture pulling 

2.6.1 Variation  in  pasture  persistence  

The severity of pasture pulling can be attributed to pasture species 

variation, as different species can have different susceptibility to pasture 

pulling during grazing. Perennial ryegrass (Lolium perenne) is the most 

commonly sown pasture grass in New Zealand. Perennial ryegrass is a 

prolific tillering, compact grass, with shallow rooting depth and adapts to 

medium to high fertility soils that are well drained (White & Hodgson, 

1999). Perennial ryegrass is susceptible to insect pest damage including 

grass grub and porina (White & Hodgson, 1999), which can contribute to 

pasture pulling. Italian ryegrass (Lolium multiflorum) is similar in 

appearance to perennial ryegrass, but the leaves and tillers are larger, and 

are very susceptible to grass grub and porina damage (White & Hodgson, 
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1999). Pasture species such as Tall fescue (Festuca arundinacea) and 

Phalaris (Phalaris aquatica), which are deep-rooted perennial grasses with 

large tillers, and cocksfoot (Dactylis glomerata) are all more tolerant of 

grass grub (White & Hodgson, 1999). 

 

Cultivar differences can produce different severities of pulling. Thom et al. 

(2003) investigated the morphology and sward structural characteristics of 

two perennial ryegrass lines, which were showing different pulling 

tolerances. The first line, which was coded NZA1, pulled more than the 

second line, NZA3. NZA1 had higher leaf shear strength, wider leaves and 

lower clump shear strength than NZA3. A higher clump shear strength in 

NZA3 provided a better anchor for the pasture, and a smaller leaf strength 

and size resulted in the pasture leaves breaking off more easily, leading to 

reduced pulling (Thom et al., 2003). Bahmani et al. (2001), compared the 

productivity of perennial ryegrasses from different ecotypes and showed 

that the óEllettô ryegrass was more prone to pulling than óGrasslands 

Ruanuiô. It was concluded that greater pulling in óElletô was because óEllettô 

plants had more upright tillers and larger leaves, making it more 

accessible to dairy cows, and therefore easier to pull.  

 

Clover additions to the pasture sward can impact on the amount of pasture 

pulled. Burggraaf and Thom (2000) observed that pulling was significantly 

reduced when white clover content was high in the sward. The white 

clover provided an increased resistance to pulling by increasing the forces 

required to remove the clumps.  

2.6.2 Root biomass variation in pasture species 

There are differences in the root biomass between different pastures, 

which may influence pasture pulling. Tall fescue is known to be a deep 

rooting grass and is more capable of growing roots through a compacted 

layer, and also have thicker roots than surface rooting types (Crush & 

Thom, 2011; Milne, 2011). Clark (2011) suggested that ryegrass and white 

clover both have shallow root systems, especially in compacted soils, 

which make them more susceptible to droughts, and pulling in summer.  



Chapter 2 
Literature Review 

13 
 

2.7 The influence of soil fauna on pasture pulling 

Soil organisms can play an important role in pasture pulling, and can have 

both short and long term effects. Insect damage can be intensified by 

other factors such as climate, soil fertility, weed invasion, and grazing 

animals, to severely reduce pasture persistence (Zydenbos et al., 2011). 

Root death over summer can cause a net loss of functioning roots, 

resulting in shallower and weakened root systems. Shallower and 

weakened root systems can be worsened by root feeding organisms such 

as grass grub and black beetle (Milne, 2011), enabling the pasture to be 

pulled easily by grazing animals. Campbell et al. (1996) stated that 

invertebrates feeding on the roots of pasture enabled the pasture to be 

pulled more readily from the soil, creating gaps which are often filled with 

other grasses and weeds. Earthworms can indirectly help to improve 

pasture persistence by improving the soil physical quality, and increasing 

macropores to provide better rooting depths (McLaren & Cameron, 1996).  

2.7.1 Grass grub 

New Zealand Grass grub (Costelytra zealandica) are a major pasture pest 

in New Zealand. Larvae are most damaging as they feed on the roots of 

pasture plants during the late summer-autumn period, particularly to 

pastures in early establishment (East et al., 1980; Patchett et al., 2011; 

Zydenbos et al., 2011).  

 

Different pasture species display varying levels of tolerance to grass grub 

attack. Tall fescue pasture has a good tolerance to grass grub infestation 

(Prestidge et al., 1985; Milne, 2011). East et al. (1980) investigated the 

effect grass grub has on the production of different pasture species and 

found that ryegrass and white clover suffered the greatest loss in 

production in autumn and winter, and that cocksfoot and prairie grasses 

were less affected but still suffered losses over the same period. Grass 

grub populations of more than 200/m2 in the North Island pumice country 3 

year old pastures caused losses of up to 44 % to pure ryegrass swards 

(East et al., 1980). Tall fescue was very tolerant of grass grub with 
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production not significantly impacted. Cropping species such as Lucerne 

are tolerant of grass grub (Milne, 2011).  

2.7.2 Earthworms  

Earthworms impact on the chemical and physical quality of the soil. 

Earthworms feed on plant and animal matter, which is partially degraded 

and deposited, as earthworm casts, back into the soil. Earthworm casts 

are rich in micro-organisms, organic matter and plant nutrients (McLaren & 

Cameron, 1996; Schaetzl & Anderson, 2005). From a soil physical 

perspective, earthworms remove dead roots and, together with their 

burrowing activity, promote aeration and drainage of the soil, thus helping 

to improve plant growth and root penetration (McLaren & Cameron, 1996) 

and increase the amount of macropores (Schaetzl & Anderson, 2005). 

Earthworms tend to avoid sandy soils and prefer moist soils with medium 

textures (Schaetzl & Anderson, 2005).  

2.7.3 Black beetle  

Black beetle is a pasture pest that has caused considerable pasture 

damage throughout the Auckland and Waikato regions. Black beetle 

larvae feed on the roots of pasture, particularly in summer (Blank & Olson, 

1988; Zydenbos et al., 2011). Tunnelling by black beetle loosens the turf 

of ryegrass pasture and enables livestock to pull the pasture more readily 

from the weakened soil (Blank & Olson, 1988). If populations of black 

beetle are high in summer, damage to pasture is likely to be worsened by 

drought (Zydenbos et al., 2011).  

 

A study conducted by Blank and Olson (1988) investigated the effects 

black beetle had on pasture production, and compared pulling on ryegrass 

pastures treated with insecticide with pastures without the treatment. Plots 

which were insecticide-free had 10-20 % more bare ground than the 

insecticide-treated plots. The pasture could be readily pulled from the 

roots of 96 % of soil cores from the insecticide-free plots and only 6 % 

from the insecticide-treated plots.  
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2.7.4 Argentine stem weevil  

Argentine stem weevil (Listronotus bonariensis) is a damaging pest to 

pasture. Adults feed off the leaves of pasture, but larvae cause the 

greatest damage to pasture yield as they feed on the stem, weakening 

plants and causing them to be more likely to be pulled by grazing cattle 

(Barker et al., 1989; Zydenbos et al., 2011). A study conducted by 

Prestidge et al. (1989) investigated the populations of Argentine stem 

weevil and its damage to tall fescue pastures. Pasture that had been 

pulled by grazing cattle had been more severely attacked by stem weevil 

larvae and had a higher level of tiller death than the pasture that hadnôt 

been pulled. This may be related to crown death of the roots caused by 

the larvae.  

2.7.5 Endophyte in pasture seed  

The use of endophyte in seed has also been trialled to reduce pasture 

pulling. Endophyte can be defined as an organism such as fungi that form 

symbiotic relationships with the host plant, and can release compounds 

which can enhance resistance various elements, including insect damage 

(Wang et al., 2004). In a study conducted by Kerr et al. (2012), the 

agronomic performance of a range of perennial ryegrass cultivar-

endophyte combinations across different sites in New Zealand was 

assessed. Pasture pulling was shown with clear differences between 

cultivars, but did not show differences in pulling concerning endophyte 

strain, which contradicts Prestidge et al. (1989), who suggested that 

endophyte strain might affect plant pulling. Milne (2011) stated that there 

is currently no ryegrass endophyte available that provides protection from 

black beetle larvae, or grass grub.  

2.8 The influence of pasture sowing methods on pasture pulling 

Many methods are used to establish new pastures in New Zealand 

including cultivation, spray and direct-drill, oversowing and undersowing. 

Undersowing involves no seedbed preparation (cultivation or subsoiling) 

and is the process of direct-drilling without spraying existing pasture, and 

is often used to patch up pastures (Thom et al., 2011).  Oversowing, or 

broadcast sowing, is the process of broadcasting seed onto the soil 
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surface (Thom et al., 2011).  In the 1950s and 1960s undersowing 

became popular in New Zealand with the introduction of direct-drilling 

machines (Thom et al., 2011).  An advantage of direct drilling is better 

seed-to-soil contact from better control of seedling depth, but direct drilling 

cannot be used on steep topography. Broadcasting however, requires less 

machinery and can be undertaken on any topography (Schlueter & Tracy, 

2012).  

 

Research has been carried out investigating the effect sowing technique 

has on pasture establishment and persistence. Schlueter and Tracy (2012) 

showed no difference in clover establishment or persistence over 3 years 

when comparing broadcast and direct drilled treatments. Brock and Kane 

(2003) compared clover establishment via direct drilling vs broadcast sown 

pastures. Direct drilling in rows provided more space for the clover to grow 

into, however there was more access for the pasture to be overgrazed, 

compared to broadcast sown pastures which had a more uniform 

distribution of grass enabling less stock access to clover and therefore 

more protection while establishing.  

 

It is important to apply special management practices to newly established 

pastures to help them persist. Rules such as grazing 5-7 weeks after 

drilling, using young stock, refraining from making silage or hay from new 

pastures, and not grazing new pastures after periods of stress such as 

prolonged dry/wet periods are recommended to prolong new pastures 

during the establishment year (Thom et al., 2011).  

2.9 Grazing 

ñOvergrazingò pastures, and hard grazing over summer, led to increased 

pasture pulling. Campbell et al. (1996) stated that hard grazing in summer 

when pastures were dry led to more ryegrass pulling, and created gaps 

which could be filled with unwanted pasture species and weeds. 

Overgrazing pastures in the summer can also lead to increased solar 

radiation exposure to the soil surface, resulting in high temperatures in the 
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upper soil layers which can be deadly to many pastures (Eerens et al., 

2002). 

2.10 Summary and conclusions 

This literature review defined pasture pulling as the physical removal of 

clumps of pasture plants and some roots from the sward by cows during 

grazing.  Pasture pulling is prominent in the warmer seasons when soil 

moistures are lower. Soil characteristics such as soil texture and strength 

can influence pasture pulling. Soil compaction can lead to increased 

likelihood of pulling to occur, in which soil dry bulk density can be 

calculated to measure compaction. Subsoiling can help to reduce soil 

compaction. Chemical conditions in the soil such as aluminium toxicity due 

to low soil pH, and high nutrient availability from fertiliser additions, can 

cause the pasture to be more vulnerable to pulling. However, some 

research contradicts the effects of aluminium toxicity and high nutrient 

availability on pasture pulling.   

 

Studies that research the pasture species vulnerability to persistence and 

pulling showed that some species are more susceptible to pulling than 

others. Root biomass variation in pasture species may influence pasture 

pulling. Soil fauna such as black beetle and grass grub have also been 

shown to impact on pasture plants and the likelihood of a pasture to pull. 

Entophyte are being developed to prevent the negative effects of soil 

fauna on different pastures. Pasture sowing methods influence the 

establishment of new pastures, and could influence vulnerability to pasture 

pulling. Overgrazing may also lead to increased pasture pulling.  

 

Although there is research surrounding the variables that influence pasture 

pulling, notably from New Zealand, there is not a great deal of research 

that directly addresses the causes of pasture pulling. This thesis attempts 

to bridge this knowledge gap and provide a clearer understanding of the 

mechanisms surrounding pasture pulling in Pumice Soils under dairy 

farming.  
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Chapter 3  - Method s 

3.1 Introduction 

Chapter 3 describes the methods used in the investigation of the causes 

of pasture pulling. Soil samples were taken seasonally to establish if there 

were seasonal differences in various soil properties. An initial soil 

characterisation was conducted in conjunction with the first soil sampling, 

and a pasture pulling assessment was conducted every three weeks to 

monitor pulling. Section 3.2 describes the site and paddock selection, with 

the procedure used for the pasture pulling assessment defined in Section 

3.3. Section 3.4 describes the methods used in the initial soil 

characterisation, and Section 3.5 describes the seasonal monitoring 

programme.  

 

3.2 Site and paddock selection 

Fifteen paddocks were selected for the investigation. In order to obtain 

comparable samples from the site, paddocks were chosen based on 

having the same soil and landscape unit, and paddocks that underwent 

similar management practices such as non-irrigated, non-effluent irrigated, 

and consistent fertiliser applications. Flat areas of the paddock were 

chosen to sample from. The paddocks selected had a range of pasture 

ages, and comprised of: four paddocks which contained one year old 

pasture, 7 paddocks of two to three year old pastures, and four paddocks 

with 4 year old or older pastures.  

 

3.3 Pasture pulling assessment  

A pasture pulling assessment was conducted on each monitored paddock 

every three weeks. A transect was established across each paddock. Five 

2m x 2m quadrats (area 4 m2) were spaced evenly along the transect 

(Figure 3.1). Within each quadrat, pasture pulling was quantified by 

recording the number of clumps of pasture that have been ñpulledò from 

the soil, a method adapted from  Houlbrooke (1996). The size of each 
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clump was established by scoring each clump based on the approximate 

diameter of the clump. Three size classes were established; small (<10 

cm); medium (10-20 cm); or large (>20 cm). The pasture species 

proportion of each quadrat was also estimated, along with observations of 

presence of other plant species.  

 

 

3.4 Initial soil characterisation 

An initial soil characterisation was conducted in conjunction with the first 

seasonal sampling, which involved choosing a representative sampling 

site for each paddock, undertaking a full soil profile description of each 

seasonal monitoring site, and measuring the pH with depth.  

3.4.1 Soil profile description  

A full soil profile description was undertaken for each site following Milne 

(1995). In each paddock a site was chosen as to best represent the 

paddock, and a pit was excavated by hand using a spade and a shovel, up 

to the C horizon (approximately 40-50 cm depth). A full soil description 

was undertaken. Each horizon was described and sampled. Horizon 

Figure 3.1: An example of the quadrat used when measuring pasture 
pulling. 
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notation was recorded following Clayden and Hewitt (1994) and then the 

soil was classified using the New Zealand Soil Classification (Hewitt, 

2010).  

3.4.2 pH measurement 

The pH of each soil horizon was measured for each paddock. A bulk 

sample was taken from each horizon in the field and taken back to the lab 

and sieved using a 2 mm sieve and left to air dry for approximately 3 days.  

The pH was then measured following Blakemore et al. (1987). 10 g of air 

dried soil was placed into a 100 ml beaker and 25 ml of distilled water was 

added to it. The mixture was stirred vigorously with a high-speed stirrer for 

30 seconds and left to stand for 24 hours. The pH was then measured 

using the Jenway 3510 pH meter, calibrated using standard solutions of 

pHôs 4 and 7.  

 

3.5 Seasonal monitoring programme  

A seasonal monitoring programme was established to determine what 

physical, chemical and biological characteristics varied seasonally in the 

monitored paddocks. Seasonal monitoring occurred four times throughout 

the year; summer - 20-24th January; autumn - 7-10th April; winter - 14-17th 

July; and spring - 6-12th October in 2014. Each monitoring event involved 

randomly selecting one subplot in each paddock. The current grazing 

situation, soil moisture, soil dry bulk density, penetration resistance, depth 

and dry weight of roots, and presence of soil organisms were recorded for 

each subplot.  

3.5.1 Current situation  

Notes were recorded on the current situation of each site, such as time 

since last grazing, previous cropping history, age of pasture, recent 

weather, if the site had been irrigated, fertiliser usage, cultivation, and any 

other management practices or observations.  
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3.5.2 Penetration resistance  

A hand-held penetrometer was used to measure the penetration 

resistance of the soil in each subplot. The penetration resistance was 

measured by pushing the probe of the hand-held penetrometer into the 

soil at a constant rate until the probe penetrated the soil to the engraved 

line on the probe (Figure 3.2). The force required to push the probe into 

the soil was recorded on the instrument, which measures the resistance 

and therefore soil strength. Ten reps per depth (0-5, 5-10, 10-20 and 20-

30 cm) were measured.  

 

 

 

3.5.3 Soil moisture content 

Soil moisture content was calculated by taking a subsample from each soil 

dry bulk density core and oven-drying the sample at 105 °C for 24 hours. 

The moisture content was then calculated using the following equation: 

 

ὋὶὥὺὭάὩὸὶὭὧ ίέὭὰ άέὭίὸόὶὩ ὧέὲὸὩὲὸ Ϸ  

ὓὥίί έὪ άέὭίὸ ίέὭὰ Ὣ άὥίί έὪ Ὠὶώ ίέὭὰ Ὣ

άὥίί έὪ Ὠὶώ ίέὭὰ Ὣ
 ὼ ρππ  

Figure 3.2: The penetration resistance of the soil being measured 
using a hand-held penetrometer. 
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3.5.4 Soil dry bulk density  

Soil dry bulk density was assessed by taking soil cores and measuring the 

dry mass of the soil relative to the volume, using a method adapted from 

Blake and Hartge (1986). Three soil dry bulk density cores were collected 

for depths 0-5, 5-10, 10-20 and 20-30 cm, per subplot during each 

seasonal sampling. A 5 mm long x 6 mm diameter steel ring was driven 

into the soil using a wooden mallet, and the sample retrieved from the 

ground by carefully digging out the core. After the core was removed from 

the soil (still in the steel ring), the excess soil was trimmed with a knife at 

both ends so the exact volume could be obtained, and the soil core was 

then removed and stored in a sealed plastic bag. In the laboratory the 

samples were weighed before sub-sampling to measure moisture content, 

which was used to determine the soil dry bulk density of each sample 

using the following equation:  

 

ὛέὭὰ Ὠὶώ ὦόὰὯ ὨὩὲίὭὸώ Ὣ ὧά   
ὩήόὭὺὥὰὩὲὸ έὺὩὲ Ὠὶώ άὥίί έὪ ίέὭὰ Ὣ

ὺέὰόάὩ έὪ ίέὭὰ ὧά
 

 

Equivalent oven dry mass of soil was calculated by dividing the wet weight 

of the soil core by the moisture factor using the following equation: 

 

ὉήόὭὺὥὰὩὲὸ ὕὈ άὥίί έὪ ίέὭὰ
ύὩὸ ύὩὭὫὬὸ έὪ ίέὭὰ ὧέὶὩ Ὣ

ὓέὭίὸόὶὩ Ὢὥὧὸέὶ  
ίέὭὰ άέὭίὸόὶὩ

ρππ   ρ
 

3.5.5 Dry root density  

The soil dry bulk density cores were also used to measure dry root density. 

After the soil samples were weighed to determine soil dry bulk density, the 

cores were refrigerated until the roots could be extracted. The roots were 

separated from the soil by wet sieving through a 2 mm sieve, and oven 

dried at 70 °C for 24 hours. The dry mass was weighed and used to 

determine the dry root density. Dry root density was calculated using the 

following equation: 

Ὀὶώ ὶέέὸ ὨὩὲίὭὸώ άὫ ὧά
Ὀὶώ ὶέέὸ άὥίί Ὣ

ὺέὰόάὩ έὪ ίέὭὰ ὧά
 ὼ ρπππ 
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3.5.6 Presence of soil organisms 

The presence of soil organisms such as black beetle, grass grub, 

earthworms etc. was recorded by adapting a method from Shepherd 

(2009), in which a cube (20 cm x 20 cm x 20 cm) of topsoil was extracted. 

The cube of soil was broken apart carefully by hand and the number of 

earthworms and other soil organisms were recorded.  

 

3.6 Statistical analysis of results  

Statistical analyses were carried out using Microsoft Excel 2013 and 

GenStat 16th edition.  
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Chapter 4  - Soil Characteristics and 

Site Description of  Pouakani Dairy 

Farm s 

4.1 Introduction 

Chapter 4 describes the initial site investigation and characterisation of 

each soil profile at the study sites, including the site description, paddock 

history, full soil profile descriptions, and soil pH measured at the start of 

the investigation.   

 

4.2 Site description 

4.2.1 Study area 

Pouakani dairy farms, owned by the Wairarapa Moana Incorporation, are 

located approximately 10 km from Mangakino, a small township in south 

Waikato, North Island of New Zealand. Mangakino lies on the edge of the 

Taupo Volcanic Zone (Figure 4.1), which is a zone of volcanic activity that 

cuts across the central North Island from Mt Ruapehu in the south-west to 

White Island in the north-east. The landscape surrounding Mangakino 

ranges from strongly rolling to undulating farmland, and plantation forest. 

The morphology of the landscape (Figure 4.2) is strongly controlled by the 

geology and topography of the region, with plateau-forming ignimbrites 

and gullies carved into the landscape from erosion (Selby & Hosking, 

1973). Bluffs and rock outcrops are commonly visible throughout the 

landscape. 
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Figure 4.1: The Taupo Volcanic Zone, with Mangakino situated just 

east of the boundary (Molloy et al, 1998). 

 

The landscape has been repeatedly covered in volcanic material including 

tephra, lapilli and pumice, from numerous eruptions in the Taupo Volcanic 

Zone. Soils surrounding Mangakino have been derived from Taupo 

pumice deposits from the Taupo eruption which occurred in 232 ± 4 AD 
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(Hogg et al., 2012) which has led to the formation of Pumice Soils in the 

area.  

 

 

4.2.2 Climate 

Mangakino has a temperate climate with a mean annual temperature of 13 

C̄ and a mean annual rainfall of 1403 mm. The area is susceptible to very 

dry, hot summers and cold winters with many frosts, with sunshine hours 

averaging 2050 per year. The region is sheltered by high country so has 

less wind than some other parts of New Zealand. The farms studied were 

at an altitude of approximately 250 m.   

4.2.3 Vegetation  and land use 

Pouakani dairy farms were predominantly perennial ryegrass pasture. The 

dairy farms had been operating for approximately 5 years prior to this 

study. Before this, the land was used primarily for sheep and beef grazing.  

Figure 4.2: The typical topography in the Mangakino area. 
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Figure 4.3: Diagram illustrating the cropping and pasture rotation 
that is applied at Pouakani dairy farm. 

March Year 1 - Permanent pasture sprayed, disc/power harrow 
cultivation, annual ryegrass

October/November Year 1 - Sprayed, direct drilled or power harrowed. 
Crop planted - winter crop or maize

March/April Year 2 - direct drilled with annual ryegrass or left to fallow

October Year 2- sprayed, direct drilled/roller drilled with summer crop -
chicory or turnips

March/April Year 3 - sprayed, direct drilled with permanent pasture

4.3 Paddock history 

Pouakani dairy farms, have a typical cropping/pasture rotation that they 

apply to each paddock. The rotation takes approximately two years, after 

which the paddock is placed in permanent pasture which is expected to 

last up to eight years. Each paddock is sprayed, and then cultivated using 

a disc or power harrow. The paddock is then placed into annual ryegrass 

for approximately 8 months until it is sprayed off again and direct drilled or 

power harrowed and placed into a winter crop or maize. After 

approximately 4-6 months, the paddock is then direct drilled with annual 

ryegrass or left to fallow, for approximately another 6 months. It is then 

again sprayed, and direct drilled or roller drilled into a summer crop such 

as chicory or turnips. After another 6 months approximately, the paddock 

is then sprayed off one last time, and direct drilled with permanent pasture 

(Figure 4.3).  

 

 

 



Chapter 4 
Soil Characteristics and Site Description of Pouakani Dairy Farms 

29 
 

The fifteen paddocks investigated in my study were selected based on 

having undergone similar management practices, so they could be 

compared. The paddocks were all treated to the same fertiliser regime. 

The principal difference between paddocks was the pasture age, as it was 

hypothesised that pasture age was a factor in the susceptibility to pasture 

pulling. Table 4.1 lists the history of each paddock in the study.  

 

Table 4.1: Management history and time in pasture for each paddock 
in the study (D. March, personal communication, 2014).  

Farm Paddock Pasture 
sown 

Direct Drilled 
or broadcast 

Cultivated Time in 
pasture 
(years) 

Crops before 
pasture 

15 8 Apr-13 Direct Drilled Cultivated 1 Swedes Nov 
2011 - Chicory 

Oct 2012 
14 147 Apr-13 Direct Drilled Cultivated 

during crop 
1 Swedes Nov 

2011 - Chicory 
Oct 2012 

9 31B Apr-13 Broadcast Cultivated 1.5 Turnips - 6 
months 

9 32A Apr-13 Broadcast Cultivated 1.5 Turnips - 6 
months 

11 A16 Apr-12 Direct Drilled Cultivated 
during crop 

2 Moata - Chicory 

15 35 Apr-12 Direct Drilled Cultivated 2 Swedes Nov 
2010 - Chicory 

Oct 2011 
14 146 Apr-11 Direct Drilled Cultivated 

during crop 
3 Swedes Nov 

2010 - Chicory 
Oct 2011 

15 37 Apr-11 Direct Drilled Cultivated 3 Swedes Nov 
2009 - Chicory 

Oct 2011 
15 15 Apr-11 Direct Drilled Cultivated 3 Swedes Nov 

2008 - Chicory 
Oct 2010 

14 148 May-11 Direct Drilled Cultivated 
during crop 

3 Swedes Nov 
2010 - Chicory 

Oct 2011 
15 17 Apr-11 Direct Drilled Cultivated 3 Swedes Nov 

2008 - Chicory 
Oct 2010 

14 125 Apr-10 Direct Drilled Cultivated 
during crop 

4 Swedes Nov 
2008 - Chicory 

Oct 2009 
14 149 5+ years Broadcast Cultivated 5+ N/A 

11 B12 5+ years Broadcast Cultivated 5+ N/A 

9 33 5 + years Broadcast Cultivated 5+ N/A 

 

The management practices for each paddock were similar, with most 

paddocks containing direct drilled pasture and only 5 broadcast sown. 

Paddock 149 from Farm 14 was sown with a pasture which, at the 
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beginning of the trial (January 2014), was 5+ years old, and was 

predominantly browntop pasture. In June 2014, the paddock was 

cultivated, and has been re-sown with annual ryegrass. Paddock 17 from 

Farm 15 contained pasture at least 3 years old, but in April 2014 it was 

sprayed and direct drilled with new pasture.  

 

4.4 Soil profile descriptions  

As part of the initial site description, full soil profile descriptions were taken 

in each paddock to the C horizon, (Appendix 1). There were two main 

Pumice Soil types identified, a Typic Orthic Pumice Soil, and an Immature 

Orthic Pumice Soil (Figure 4.4). Both soils were similar, but had enough 

variation in the B horizon to distinguish between the different soils. 

Immature Orthic Pumice soils are soils which contain a Bw horizon that is 

30 cm or less thick, and has hue 10 YR or yellower and chroma 4 or less. 

Soils which did not fit the colour requirement were classed as Typic Orthic 

Pumice soils.  

 

The soils were similar as they were all sandy loams, but had slight 

variations in the depths of each horizon, notably the Ap horizon which was 

on average 13 cm in depth but in some paddocks was up to 22 cm in 

depth. The B horizon for most paddocks was not prominent, and 

transitioned into the C horizon at shallow depths. The C horizon texture 

varied between paddocks, with some paddocks containing coarse pumice, 

and some only fine sands and lithics. In some paddocks a dark organic 

horizon was identified just below the Ap horizon, and appeared to be 

evidence of burning from previous clearing of the land prior to sheep and 

beef grazing.  
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Pumice fragments were present in each paddock, but varied in the amount 

and size of the clasts. It appeared that the pumice was coarser in areas of 

lower elevation. Coarse pumice pieces were present in the Ap horizon of 

some paddocks, which could have been due to being transported from 

another horizon when the soil was cultivated.  

 

In most paddocks a platiness of the soil occurred in the Ap horizon at 

approximately the 5-10 cm depth (Figure 4.5). Root observations showed 

that the majority of the root biomass was in the top 5 cm. The roots often 

penetrated into the soil to 5 cm depth and then began to grow horizontally 

at the top of the zone where the soil breaks off in a plate-like manner.  

Roots were seen to penetrate lower than the 5 cm depth but were fewer 

than in the top 5 cm of the soil.  

 

Figure 4.4: Typical soil profiles of a Typic Orthic Pumice Soil (left) 
and an Immature Orthic Pumice Soil (right).  






















































































































