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Executive summary 
 
Herbaceous weeds are a significant problem for sheep and beef farmers in the South Island, 
although there is a distinct lack of information available as to the true nature and extent of 
this problem.  Managing weeds to minimise economic and environmental damage is critical 
to achieving sustainable agriculture.  There is remarkably little information available on weed 
distribution and abundance, weed management strategies, and economic or environmental 
impacts of weeds on farms employing different management systems. Without this 
information it is difficult to assess potential risks, establish long-term trends or advise about 
ways of improving the efficiency of weed management.  
 
An important early research theme of The Agricultural Research Group on Sustainability 
(ARGOS) programme is the examination of potentially distinct environmental, social and 
economic consequences of organic and Integrated Management accreditation systems.  
Because weeds are often considered a significant barrier to sustainable organic production, 
the findings of this report provide a substantial contribution to understandings of the relative 
attraction of or limitations to these systems.   
 
In this study we compare the diversity, abundance, size and community composition of 
herbaceous weeds on 32 South Island sheep/beef farms. This report forms part of wider 
study which included the investigation of weed management options and techniques, 
pathways for invasion of woody weeds into agricultural land, and an assessment of future 
research needs.  Between three and six paddocks per farm were surveyed using walking 
transects in November 2005, and the presence and abundance of all weeds encountered 
was recorded. 
 
Herbaceous weeds were recorded on all the farms in the study, although individual species 
occurrence, species richness and weed abundance were highly variable between individual 
farms and the different geographic clusters.  Our findings demonstrate the over-riding 
importance of climatic and physiochemical variables in determining weed extent and impacts.  
Farms in areas with higher rainfall, greater topographic relief and greater variation in soil 
types and quality, such as those in the Catlins and Gore, frequently had significantly greater 
weed abundance and diversity than farms with less rainfall and greater homogeneity of 
topography and soil types, such as the farms on the Canterbury Plains. 
 
We found very few significant differences in the distribution, diversity and abundance of 
herbaceous weeds present on farms employing organic, IM or conventional management 
techniques, although weeds do constitute a greater proportion of the sward on organic farms.  
Nodding thistle was the only species that differed significantly in abundance between 
management systems, with significantly more plants per metre on IM than conventional or 
organic farms.  The average size of buttercup, dandelion, dock, plantain and scotch thistle 
was greatest on organic farms, although not significantly so.  Buttercup, dock and scotch 
thistle are widely acknowledged problem plants, and their larger sizes may suggest that 
these species may be harder to control using organic management techniques.  In 
comparison, dandelion and plantain are often encouraged in organic farming as a source of 
minerals and vitamins for livestock, and so their larger sizes on organic farms may reflect 
active management to increase the prevalence and size of these species.   
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Overall therefore we found very little evidence to suggest that herbaceous weed diversity and 
abundance are significantly greater on organic sheep/beef farms in New Zealand.  This is 
supported by results from a concurrent study, which indicate most organic farmers do not 
consider weeds as a barrier to successful organic production.  However, further research is 
needed before we would conclude unequivocally that weeds are indeed not a barrier to the 
actual economic, social and environmental performance of organic farming.  Areas of 
research interest include: 

• Information is required on trends in weed prevalence, particularly on organic and IM 
farms where pasture weed communities may still be responding to changes in 
management following conversion to either of these production systems.    

• Information is required on the degree and effectiveness of biological control methods 
on organic, IM and conventional farms. 

• Additionally, information on trends should be gathered for species seen both as a 
nuisance or beneficial by farmers, and which are the targets of management actions, 
to identify the effectiveness, challenges and benefits that accrue from weed 
management. 

• The reasons for the differences in nodding thistle abundance between organic, IM 
and conventional management systems should be investigated further.  Nodding 
thistle can rapidly form large infestations, the species shows increasing herbicide 
resistance and the long-term effectiveness of biological control agents is not known.  
Therefore specific information on management options, attitudes to control and actual 
weed prevalence and population dynamics on farms with alternative management 
systems is required. 

• Information from the above two points should be combined with estimates of forage 
quantity and quality, to investigate relative stock growth and health on farms with 
different weed prevalence and management.   

• A full economic analysis of the direct and indirect costs of herbaceous species on 
organic, IM and conventional sheep/beef farms should be conducted.  This should 
include the direct costs associated with lost production due to key weeds of 
management concern (buttercup, dock, thistles), as well as indirect costs or savings 
from the presence of other herbaceous species.  
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Introduction  
 
The traditional forage species such as rye grass and clover make up the bulk of the 
productive biomass of improved sheep/beef pastures in the South Island, but these co-exist 
with a range of other plant species.  Some are relatively rare species and are insignificant to 
pasture production.  Others are abundant, but are sufficiently palatable to be nutritious to 
grazing animals.  However, some common plants are clearly unpalatable to grazing stock, 
reduce farm productivity, and can with certainty be classed as weeds.   
 
Herbaceous weeds1 are generally acknowledged as a significant impediment to sheep and 
beef farming in the South Island, but there is a distinct lack of information available as to the 
true nature and extent of this problem.  Efforts at full costing of weeds on New Zealand 
farming have been very informal or approximate (Hackwell & Bertram 1999). There have 
been estimates of cover taken by weeds (Bascand & Jowett 1982; Bourdôt & Kelly 1986) and 
surveys of stakeholders’ perceptions of weeds (Popay et al. 2002).  (Hackwell & Bertram 
1999) estimated the economic losses attributable to weeds in New Zealand (including to all 
primary production systems and the natural estate) at $440 million annually but there are no 
reliable estimates of how weeds limit the economic and environmental performance of sheep 
and beef farms specifically, 
 
Weeds can adversely affect farming operations and farm viability by: 

• reducing the amount of pasture biomass available for stock, thus affecting 
productivity,  

• imposing major time and financial costs on farmers attempting to control weeds to 
maintain that productivity,  

• posing significant health risks to stock , such as the case of cattle poisoning by 
ragwort (Senecio jacobea) (Wardle 1987).   

 
Alternatively, some herbaceous species may have beneficial nutrition or animal health 
properties and may be tolerated or actively encouraged by farmers (Daly et al. 1996; 
Sanderson et al. 2003; Wilman & Derrick 1994). These species may also can lead to 
increased biodiversity on farms with potential benefits for increased socio-ecological 
resilience for the farming operation (Fischer et al. 2006; Matson et al. 1997).  Consequently, 
the prevalence and impacts of weeds and other herbaceous plants on pastoral farming 
operations are of interest to farmers, scientists and policy makers alike. 
 
Pastoral agriculture is evolving so that land-use systems achieve more appropriate and 
enduring accommodations with the New Zealand environment as well as continuing to satisfy 
the demands of market and community stakeholders (Popay et al. 2002).  Managing weeds 
to minimise economic and environmental damage is critical to achieving sustainable 
agriculture because weeds can not only dictate land-use choices, limit productivity, and limit 
profitability, but management techniques can be energy intensive, labour intensive, and/or 
increase the pesticide load in the environment. There is remarkably little information 
available on weed distribution and abundance, weed management strategies, the types of 
methods used, target species, and the amount and location of chemical applications on 
farms. Without this information it is difficult to assess potential risks, establish long-term 
trends or advise about ways of improving the efficiency of weed management.  
 

                                                 
1
 Here we define weeds as herbaceous plant species present in the sward that are not grasses or species 

specifically planted as animal feed or as part of farm management actions e.g. clover species).  It includes 

species such as the thistles and the ‘flat weeds’ (dandelion, daisy, plantain).  We place no specific positive or 

negative value on weeds in this study, although acknowledge that the majority of these species are sources of 

concern and the focus of active management by farmers. 
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The Agricultural Research Group on Sustainability (ARGOS) project is working to gain a 
better understanding of the environmental effects, and the social and economic 
consequences of different farming practices to help New Zealand’s farmers achieve more 
sustainable production systems. An important early research theme of the ARGOS 
programme is the examination of potentially distinct environmental, social and economic 
consequences of organic and Integrated Management accreditation systems.  Because 
weeds are often considered a significant barrier to sustainable organic production, the 
findings of this report provide a substantial contribution to understandings of the relative 
attraction of or limitations to these systems.  The ultimate aim of the weed research is 
evaluation of optimum levels and strategies for weed management that improve farming 
efficiency and minimise impacts on the farm environment. This focus on herbaceous weed 
abundance and cover in pastures forms part of wider study which included the investigation 
of weed management options and techniques, pathways for invasion of woody weeds into 
agricultural land, and an assessment of future research needs  
 
The work described here is funded jointly by FRST and a Sustainable Farming Fund grant 
awarded in 2005 in support of the development of improved weed management strategies for 
high country properties and lowland sheep/beef farms (Contract - LO5/002).  The four aims 
of the project were to: 

1. Measure the prevalence of herbaceous weeds on lowland sheep/beef farms under 
organic, Integrated Management or conventional farming systems and provide 
baselines against which future changes can be measured. 

2. Identify, quantify, cost, and compare the weed strategies used currently in the 
different sheep/beef farming systems.  

3. Contrast current practice against ‘best practice’ weed management methods, 
identify gaps in farmer knowledge, suggest how these might be overcome, and 
evaluate the usefulness, optimum content and format of a weed management 
decision support package that would best meet the needs of all types of farmer, or 
consultants who advise them, on weed management. 

4. Provide a preliminary assessment of weed prevalence and management issues on 
eight High Country runs.  

 
This report addresses Objective 1, and contains the results of a survey the prevalence of 
weeds on of 32 lowland farmers in the South Island of New Zealand (Map 1) in November 
2005/06.  The prevalence of woody weeds is reported in Moller et al. (2006), while farmer 
attitudes to weeds and their management options and strategies are reported in Hill et al. 
(2006).  High Country weed assessments are reported by (Norton et al. 2006). Funds from 
another SSF grant (SFF 05-137) were used to extend the survey of woody weed prevalence 
and spread to include 24 North Island dairy farms as part of a longitudinal monitoring 
programme to measure changes on farms after conversion to organic dairy (Moller et al. 
2006) to facilitate ecological comparisons across the sectors.  
 



 9 

 
Map 1.  Locations of the sheep/beef farms sampled in the current study.  Cluster locations 
are as follows: 1 = Marlborough, 2 = Amberley; 3 = Banks Peninsula; 5 = Methven; 7 = 
Fairlie; 8 = Outram; 9 = Owaka; 10 = Gore; 11 = Oamaru; 12 = Waimate.  With the exception 
of Cluster 12, each cluster consists of an organic, Integrated Management (IM) and 
conventional management farms.  Cluster 12 also includes a farm undergoing organic 
conversion at the time of the survey. 
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Methods 
 

Paddocks sampled 

The paddocks selected for this study were those used for soil sampling in July/August, 2005. 
(see Pearson et al. 2005). The map below shows the paddocks and the transects of one of 
the farms that were sampled.  The survey was conducted in November 2005. 
 

 
Figure 1:  Farm map showing the focal paddocks and locations of the survey transects.  For 
details of the survey method, see the text. 
 

Timed paddock walk 

The relative abundance of non-forage herbaceous plants in each paddock was calculated 
from the number of individuals of each species counted along a prescribed walking route 
(Bourdôt & Kelly 1986).  The start point for the walk was determined by randomly selecting 2 
numbers from a random number table.  The first random number gave the percentage of the 
length along the shortest fence line (width), as judged from entering the gate closest to the 
farm woolshed. The second random number represented the percentage across the length of 
the paddock at right angles from the first coordinate. This start point was recorded using a 
Garmin eTrex (Garmin Ltd, USA) GPS. 
The direction of travel from the start point was determined by twirling the direction setting on 
a “Silva” compass for 10 seconds and walking in the direction of the arrow. The start 
direction was recorded.   
 
All herbaceous plants (Table 1) that were encountered in a corridor 1 m either side of the 
walking route were identified and counted.  Any plants that could not be named were 
collected for later identification. The length of walk varied with paddock size. Paddocks up to 
and including 5 ha were surveyed for 10 minutes, paddocks between 5 and10 ha were 
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surveyed for 15 minutes, and paddocks greater than 10 ha were surveyed for 20 minutes.  
All data was recorded using a Olympus DS-2 Dictaphone (Olympus Corporation, Japan) and 
later transcribed. To provide separate counts for different segments of the transect, one 
minute and five minute time checks were noted within the data.  To check for edge effects, 
records within 5 m and 10 m of a fence were recorded into an Microsoft Excel spreadsheet. 
The direction of the walk changed when a fence or land feature (cliff etc) prevented the 
continuation of travel in that direction.  In such cases, the angle of reflection away from the 
feature was the same as the angle of incidence. The location of any change in direction was 
recorded on the GPS.  The finishing point was determined by a digital timer set for the 
appropriate paddock size and survey duration. 
 

Herbaceous Plant Identification  

Herbaceous plants (as listed in table 1) were counted as individuals. Plant size was 
estimated as the area of a circle of which the length of the longest leaf in a rosette formed 
the radius.  The longest leaf was measured on the first 20 plants of each species 
encountered on the transect (Bourdôt & Kelly 1986). 
 
Table 1:  Herbaceous plants identified on the pasture walk of paddocks on ARGOS 
sheep/beef farms during the surveys, November 2005. 

Species Scientific name Species Scientific name 

Burdock 
Arctium minus 

Piripiri 
Acaena novae-
zealandiae 

Buttercup 
Ranunculus repens 

Plantain 
Plantago lanceolata 

Californian thistle 
Cirsium arvense 

Plumeless thistle 
Carduus acanthoides 

Chickweed 
Stellaria media 

Ragwort 
Senecio jacobaea 

Cutty grass Carex lessoniana Redroot Amaranthus retroflexus 

Daisy 
 Bellis perennis 

Rushes 
Juncus spp. 

Dandelion 
Taraxacum officinale 

Scotch thistle 
Cirsium vulgare 

Dock 
Rumex obtusifolius 

Shepherds purse 
Capsella bursa-pastoris 

Doves foot 
Geranium molle 

Speedwell 
Veronica persica 

Fathen 
Chenopodium album 

Staggerweed Stachys arvensis 

Foxglove 
Digitalis purpurea 

Stinging nettle Urtica urens 

Fumitory Fumaria muralis Stinking mayweed 
Anthemis cotula 

Gorse Ulex europaeus Storksbill 
Erodium cicutarium 

Hedge mustard 
Sisymbrium officinale 

Tussock spp. Poa spp. 

Horehound 
Marrubium vulgare 

Unknown  

Mallow Malva spp. Variegated thistle 
Silybum marianum 

Mushrooms Basidomycota Willow weed Polygonum persicaria 

Native flax Phormium tenax Winged thistle 
Carduus tenuiflorus 

Nodding thistle 
Carduus nutans 

Wireweed 
Polygonum aviculare 

Orange 
hawkweed 

Hieracium 
aurantiacum Yarrow 

Achillea millefolium 

Patterson’s curse Echium plantagineum     
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Pasture Composition 

A circular, 37 cm diameter quadrant was dropped over the shoulder at the start point, and at 
each 5 minute assessment. Pasture that was flattened was teased from the internal edge of 
the quadrant. Pasture cover were assessed into the following categories; grasses, weeds, 
other herbaceous plants, clovers, living vegetation, and dead matter. Assessments were 
made on a percentage of cover basis.  A photo point was taken of each quadrant that was 
assessed, using a Sony Cybershot (Sony Corporation, Japan) digital camera held directly 
above the quadrat at a height of 1.5 m. 
 

Standing Crop Measurement 

Pasture bulk measurement (kg DM/ha) were assessed using a Filips rising plate meter fitted 
with an electronic counter and corresponding software. Measurement were commenced at 
the start of the pasture walk and ceased at the end of the pasture walk.  
 

Species diversity 

Several measures of species diversity were calculated for each farm.  For each paddock the 
total weed species richness (number of species) and weed species richness per metre of 
transect were calculated and were then averaged for each farm.   
 
The Shannon diversity index which combines information on both the number of species and 
the distribution of individuals among those species was calculated for each paddock, using 
the formula: 
 

∑−= PiPiLogH e  

 
where Pi is the proportion of the total individuals in each sample in species i.  The average 
value for each farm was calculated. 
 
The Shannon Evenness index (EH) estimates to what extent the herbaceous plant community 
is dominated by the most common species, and was also calculated for each paddock: 
 

MAX
H H

HE =  

 
Where HMAX = LogeS, and S is the species richness for that paddock. 
 
 

Analysis 

Data Standardization 

The size of the farm is likely to be an important predictor of weed species richness and weed 
abundance, with a greater number of weed species and individual plants on larger farms.  
The data can be normalized using either the time or length of the walk, i.e. the number of 
weeds can be expressed per minute or per meter walked. As the exact speed of the observer 
was affected by the terrain of the paddock and the density of weeds (more weeds to record 
resulting in a slower speed), parameters for abundance of weeds and species richness were 
standardized by the length of the transect, and are expressed as weeds per linear metre of 
transect.  Estimates per unit area can be made by dividing by two, as two square metres 
were sampled for each metre travelled.    
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The data for both total weeds per metre of transect and species richness were positively 
skewed, and were transformed prior to analysis to meet assumptions of normality: a fourth 
root transformation in the case of weeds/metre and log10 in the case of species 
richness/metre.  Data from one paddock on one property was excluded from the analysis of 
species richness/metre, due to the high number of weeds recorded and extremely short 
length of the transect (five of the six surveyed paddocks from this farm were still included in 
the analyses). 
 

Statistical analysis 

Differences in total weed abundance, weed size, pasture biomass and the univariate 
measures of diversity were analysed using unbalanced analysis of variance in Genstat 9th 
Edition (VSN International).  Wider geographical location is likely to have a strong influence 
on weed species presence and abundance, as are differences between paddocks within a 
farm in soil type, aspect and management history.  Consequently a randomized blocked 
design was used, with individual paddocks on each farms nested within geographical 
location (termed ‘Cluster’), and with each management system – Organic, Integrated 
Management and Conventional management (termed ‘Panel’) represented once in each 
Cluster.  Of the twelve Clusters in the study, data could not be collected from two entire 
Clusters and from one individual farm in two other Clusters, leaving a total of 28 properties 
with data, and eight Clusters for which the full nested analysis could be conducted. 
 
The data for the density of individual weed species was highly positively skewed and too 
sparse for most species to analyse; although there were enough records for five species 
(Californian thistle, daisy, dandelion, Nodding thistle, and plantain).  For each species, 
average weed abundance per paddock was used as the response variable in an unbalanced 
ANOVA, with management system as the treatment and paddock nested within cluster as 
the blocking terms.  Data on weed abundance were (log10(x)+5) transformed to normalize the 
data and ensure the distribution did not include zero.  
 
Differences in overall weed community composition between Panels and Clusters were 
analysed by first conducting a Principal Components Analysis (PCA) on the average 
composition for each paddock.  A PCA analysis seeks to find orthogonal (un-correlated) 
indices, termed principal components, based on p variables X1, X2, … Xp of interest. Each 
principal component is then a multivariate summary of the primary trends in the data.  
Differences between Panels were then tested for by comparing the axis scores for the first 
two principal components using the same nested analysis of variance model outlined above.  
Differences in overall pasture composition (percentage cover of pasture grasses, clover and 
weeds) were also examined using this approach.  In both cases a variance/covariance matrix 
was used for the analysis, as all variables in each analysis were in the same scale (weeds/m 
for the weed community composition and percentage coverage for pasture composition). 
 
The topography of the focal paddocks on all ARGOS farms has previously been classified 
into three different land form classes. For the sheep and beef sector, three predominating 
land forms are present: flat river terraces, mid slopes and hill crests. However, in clusters on 
the Canterbury Plains only flat river terraces predominate, so only this single landform is 
studied. For sheep and beef clusters on hill country, the dominant two of the three landforms 
are studied, and in nearly all cases these are mid-slope and hill crest. Within a cluster the 
same landforms are being studied (Moller et al. 2005).  However, not all of the focal 
paddocks were sampled on all farms, resulting in an unbalanced dataset with respect to 
landform.  Consequently, landform has not been included as a factor in the analyses, and all 
paddocks are treated as complimentary samples. 
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Results 
 

Percentage cover of weeds 

Traditional fodder species such as ryegrass and clover dominated the pastures but other 
herbaceous plants were recorded in 66 % of the 38 pasture composition sampling points on 
Organic farms, significantly more than on IM farms (40 % of 40 points) or on Conventional 
farms (38.9 % of 36 points: χ2 = 7.05, d.f. = 2, P < 0.05). 
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Figure 2:  Average percentage cover of grass, clover and herbaceous speceis in the sward 
of Organic, IM and Conventional farms in the study.  Error bars are binomial 95% confidence 
intervals.  
 
The average composition of the sward on Organic, IM and Conventional farms is shown in 
Figure 2.  Weeds constituted 8 % of the sward on organically managed farms, compared to 2 
% of the sward on IM farms and 5 % on Conventional farms.  The proportion of grass was 
highest on IM farms and clover was most prevalent on conventionally managed farms.   
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Figure 3:  Multivariate pasture composition on the ARGOS sheep/beef farms in the study.  
Composition was analysed using a Principal Components Analysis with a 
Variance/Covariance matrix structure.  For each farm, the average percentage of ground 
covered by grasses, clovers and non-forage plants was used in the analysis. 
 
The relationship between the farms in the study based on their overall pasture composition is 
shown in Figure 3, while the contributions of the different weed species in the analysis to 
PCA axis scores are shown in Table 2.  PCA Axis 1 explained 87.8 % of the variation in the 
data, while Axis 2 explained a further 11.2 % of the variation.  Farms positively associated 
with Axis 1 had relatively greater coverage of clover, while farms negatively associated with 
Axis 1 had relatively greater coverage of grass.  Farms positively associated with Axis 2 had 
relatively greater coverage of weeds, while farms negatively associated with the axis had 
greater relative coverage of grass and clover (Table 2). 
 
Overall pasture composition, as indicated by PCA Axis 1 and 2 scores was similar between 
clusters, and did not differ significantly between management systems for either PCA Axis 1 
(average score ± standard error: organic = -3.41 ± 3.79, IM = -4.50 ± 5.99, conventional = 
5.08 ± 8.86; F2,14 = 0.66, P = 0.532) or PCA Axis 2 (organic = 4.28 ± 3.17, IM = -2.40 ± 1.36, 
conventional = -1.22 ± 1.63; F2,14 = 2.27, P = 0.140). 
 
Table 2: PCA Axis Scores (Eigenvectors) for pasture components on ARGOS sheep/beef 
farms in the current study.  The axis scores indicate the correlation between each individual 
variable and the multivariate summaries provided by the principal components. 

Category PCA Axis 1 Score PCA Axis 2 Score 

Clover 0.731 -0.382 

Grass -0.681 -0.463 

Weeds -0.045 0.800 
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Total  abundance of non-forage herbaceous plants 

By far the most abundant species on the ARGOS farms were Californian thistle, dandelion 
and daisy, with over 66,000, 35,000 and 22,000 individual plants of each species 
respectively recorded (Table 3).  Total abundance per farm is shown in Figure 4.  Collectively 
these three species constitute 74.7 % of the records, with the ten next most abundant 
species comprising 23.1 % of the records, and the remaining 32 species making up just 2.2 
% of the records.  Californian thistle occurred on 27 of the 28 farms with data (96.4 %), 
dandelion occurred on all 28 farms, while daisy occurred on 17 farms (60.7 %).  Other 
frequently occurring species were scotch thistle (92.9 % of farms), dock (82.1 %), plantain 
(67.9 %), buttercup and rushes (64.3 %), chickweed (60.7 %), nodding thistle (46.4 %), and 
shepherd’s purse and storks bill (39.2 %). 
 
Table 3: Total numbers of plants of each herbaceous species recorded in the paddock walk 
survey on all ARGOS sheep/beef farms in the study. 

Species 
Number of 
plants Species 

Number of 
plants 

1.  Californian thistle 66960 24. Doves foot 125 
2.  Dandelion 35341 25. Piripiri 104 
3.  Daisy 22720 26. Cutty grass 82 
4.  Nodding thistle 6377 27. Fumitory 75 
5.  Winged thistle 5903 28. Native flax 65 
6.  Plantain 5010 29. Staggerweed 52 
7.  Scotch thistle 4346 30. Wireweed 31 
7.  Tussock spp. 4346 31. Redroot 26 
9.  Buttercup 3398 32. Speedwell 14 
10. Dock 3235 33. Horehound 12 

11. Storksbill 2840 
34. Variegated 

thistle 12 
12. Rushes 1679 35. Yarrow 5 
13. Shepherds purse 1601 36. Ragwort 3 
14. Hedge mustard 474 37. Burdock 3 
15. Patterson’s curse 445 38. Mushrooms 2 
16. Stinging nettle 339 39. Gorse 2 

17. Willow weed 338 
40. Plumeless 

thistle 1 

18. Orange hawkweed 308 
41. Stinking 

mayweed 1 
19. Chickweed 295   
20. Unknown 271   
21. Mallow 189   
22. Foxglove 167   
23. Fat hen 154   

 
 
The frequency of occurrence of the most common herbaceous weeds species in each 
management system is shown in Table 4.  For each species, the recorded prevalence was 
very similar between organic, IM and conventional farms, and not significantly different in any 
case. 
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Figure 4: Average number of weeds of all species per metre of paddock walk (± standard 
error) for each sheep/beef property.  The locations of the clusters are shown in Map 1.  The 
management system on each farm is indicated by the letter following the Cluster code, with A 
= Organic; B = Integrated Management; and C = Conventional. 
 
 
Table 4:  The percentage of organic, IM and conventional farms that each of the most 
common herbaceous weeds were recorded on.  The number of farms with each 
management system that were surveyed is shown in the brackets. 
Species Organic (n = 8) IM (n = 9) Conventional (n = 10) 
Buttercup 25.0 22.2 30.0 
Californian thistle 87.5 66.7 60.0 
Dock 62.5 55.5 40.0 
Nodding thistle 37.5 22.2 30.0 
Scotch thistle 62.5 77.8 80.0 
Winged thistle 25.0 33.3 20.0 
 
 

Total non-forage herbaceous plants per metre 

The average number of plants of all species recorded per metre differed significantly 
between the clusters (4th root transformation: F7,73 = 6.72, P < 0.01), with the highest weed 
density recorded in the Catlins (Cluster 9), and the lowest in Fairlie (Cluster 7; Figure 5).  The 
average per metre in Fairlie was significantly lower than in Outram, the Catlins, Gore and 
Oamaru (Clusters 8, 9, 10, and 11 respectively), while the average density in the Catlins was 
significantly higher than in any other cluster.  The average density of (± standard error) on 
organic farms in the study was 2.44 (± 0.56) /m, compared to 2.31 (± 0.32) /m on IM farms 
and 2.01 (± 0.32) on Conventional farms (Figure 6).  Once the differences between clusters 
were controlled for there was no significant difference in the average density of all species on 
Organic, IM or Conventional farms (F2,73 = 0.51, P > 0.05). 
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Figure 5:  Average number of weeds ( ± standard error) of all species recorded per metre of 
the transect survey in the different Clusters in the study.  Only the IM and Conventional farms 
were surveyed in Cluster 5 (Methven), and only the Organic and Conventional farms were 
surveyed in Cluster 12 (Waimate), so neither of these clusters were included in the analysis.  
The data were significantly positively skewed so a 4th root transformation was performed 
prior to the analysis.  See Map1 for the cluster locations. 
 
The abundance of the five most frequently recorded species (Californian thistle, daisy, 
dandelion, nodding thistle, and plantain) was compared between management systems (see 
Appendix 1 for the average abundance of weeds recorded on each farm).  Overall 
abundance was significantly different between clusters for Californian thistle (F7,43 = 9.71, P < 
0.001), daisy (F6,27 = 3.41, P = 0.013) and nodding thistle (F3,13 = 18.81, P < 0.001) and for 
each species was higher on the more southern clusters (Outram, Gore, Catlins and Oamaru) 
and lower in the northern clusters (Marlborough, Amberley, Banks Peninsula and Fairlie).  
Management system had a significant effect on abundance only for nodding thistle, with the 
number of weeds/m highest on IM farms, intermediate on conventional farms and lowest on 
organic farms (average abundance ± standard error: organic = 0.05 ± 0.02, IM = 0.69 ± 0.30, 
conventional = 0.33 ± 0.17; F2,13 = 4.57, P = 0.03). 
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Figure 6:  Average number of plants ( ± standard error) of all herbaceous species recorded 
per metre of the transect on Organic, IM and Conventional farms in the study.  The data were 
significantly positively skewed so a 4th root transformation was performed prior to the 
analysis. 
 

Percentage cover of the major herbaceous species of management 
concern 

The average percentage of the sward made up by the most common herbaceous species of 
management concern is shown in Table 5.  Californian and nodding thistles had the greatest 
percentage cover, although the total amounts were still low at less than 6 % of the sward.  
On average, all thistles combined constituted 4.3 % of the sward on organic farms, 4.7 % on 
IM farms and 2.0 % on conventional farms.  Coverage of buttercup was low on all farms, 
while dock made up 1.0 % of the organic sward, compared to 1.6 % on IM and 0.4 % 
conventional farms.   When all species were combined, weeds of concern constituted a 
mean percent coverage of 5.0 %, 5.6 % and 2.1 % on Organic, IM and Conventional farms 
respectively.  Overall there were no significant differences in the percent of the sward made 
up by weeds of concern on organic, IM, and conventional farms.    
 
There were some significant differences in weed coverage between the geographic clusters.  
Californian thistle constituted significantly more of the sward in the southern clusters than 
those in the north of the island, with the highest coverage (mean ± standard error) in Oamaru 
(0.100 ± 0.002 %), and lowest on Banks Peninsula (0.002 ± 0.001 %).  Nodding thistle 
covered significantly more ground in Oamaru (0.27 ± 06 %) than in either Fairlie (0.10 ± 0.02 
%) or Waimate (0.11 ± 0.04 %), while Scotch thistle percentage cover was highest in the 
Catlins (0.21 ± 0.03 %) and Oamaru (0.20 ± 002 %), and lowest on Banks Peninsula (0.014 ± 
0.001 %)and in Marlborough (0.10 ± 0.03 %). 
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Table 5:  Estimated percentage ground cover, standard error and % CV of the most common 
herbaceous weeds of management concern on organic, IM and conventional sheep/beef 
farms in the study.  Average percentage cover was calculated from the paddock walk data, 
and was calculated as (average individual plant area x number of individuals on the 
transect)/ area sampled, where the individual plant area was given by Π x (longest leaf 
length)2, and area sampled was given by the transect length x 2.  The data were transformed 
prior to analysis where necessary to normalize the distribution.  Geographic location was 
included as a blocking term in the model for Californian thistle, scotch thistle, all thistles 
combined and all weeds listed combined, but could not be included in the analyses for 
winged thistle, buttercup or dock due to a scarcity of data.  See the methods for details of the 
estimation of percentage cover.  

Species Mean 
Standard 
error % CV F P 

Californian 
thistle      
Organic 3.85 1.33 91.68 F2,9 = 2.47 0.140 
IM 4.04 1.42 86.14   
Conventional 1.81 0.91 123.02   
Nodding thistle      
Organic 0.37 0.16 74.11 F2,5 = 1.05 0.415 
IM 5.20 5.03 136.76   
Conventional 1.93 1.64 146.99   
Scotch thistle      
Organic 0.37 0.07 39.45 F2,8 = 0.14 0.868 
IM 0.73 0.78 138.57   
Conventional 0.41 0.17 114.92   
Winged thistle      
Organic 0.01 0.01 103.85 F2,4 = 4.62 0.091 
IM 0.77 0.40 90.12   
Conventional 0.07 0.05 107.97   
All thistles      
Organic 4.28 1.42 87.83 F2,14 = 3.29 0.067 
IM 4.68 2.12 136.16   
Conventional 2.01 0.86 134.87   
Buttercup      
Organic 0.020 0.0003 2.03 F2,4 = 0.32 0.742 
IM 0.008 0.0030 46.19   
Conventional 0.060 0.0600 149.33   
Dock      
Organic 1.00 0.64 142.27 F2,11 = 0.33 0.726 
IM 1.64 1.53 207.60   
Conventional 0.36 0.18 99.34   
All species      
Organic 5.00 1.55 81.99 F2,14 = 3.61 0.054 
IM 5.59 2.14 114.74   
Conventional 2.17 0.95 138.74   

 

 

Species diversity 

The average number (± standard error) of weed species per paddock across all farms was 
6.14 (± 0.19), and ranged from 2 to 12 species per paddock.  However, due to the different 
sizes and lengths of survey time in the focal paddocks, it is more appropriate to consider the 
weed species richness per metre of transect.  The average value (± standard error) across all 
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farms was 0.011 (± 0.001).  Average richness per metre was significantly different between 
the Clusters (log10+1 transformation: F7,73 = 3.32, P = 0.004), and ranged from 0.008 species 
per metre in Fairlie to 0.014 in Marlborough (Figure 7). 
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Figure 7:  Average weed species richness per metre ( ± standard error) of transect for farms 
in the different Clusters in the study. Only the IM and Conventional farms were surveyed in 
Methven (Cluster 5), and only the Organic and Conventional farms were surveyed in 
Waimate (Cluster 12), so neither of these clusters were included in the analysis.  The data 
were significantly positively skewed so a log10+1 transformation was performed prior to the 
analysis.  See Map1 for the cluster locations. 
 
The average weed species richness per metre (± standard error) was very similar on farms 
with different management systems: on organic farms there were 0.011 (± 0.0007) 
species/m, compared to 0.011 (± 0.0006) species/m on IM farms and 0.011 (± 0.0007) on 
Conventional farms.  Once the differences between clusters were controlled for there was no 
significant difference in the average density of all species on Organic, IM or Conventional 
farms (F2,73 = 0.03, P > 0.05). 
 
Species diversity, as expressed by the Shannon index differed significantly between the 
Clusters (F7,73 = 2.45, P = 0.03), and was significantly higher on Banks Peninsula than 
Outram, the Catlins, Gore or Oamaru, and was also significantly higher in Fairlie than in Gore 
and Oamaru (Figure 8) averaged 0.85 (± 0.04).   
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Figure 8:  Average Shannon index (± standard error) for farms in the different Clusters in the 
study. Only the IM and Conventional farms were surveyed in Methven, and only the Organic 
and Conventional farms were surveyed in Waimate, so neither of these clusters were 
included in the analysis.  See Map1 for the cluster locations. 
 
The average Shannon index (± standard error) was lowest on Organic farms (0.77 ± 0.07), 
higher on IM farms (0.84± 0.07) and highest on Conventional farms (0.93 ± 0.07).  However, 
once the differences between clusters were controlled for there was no significant difference 
in the average density of all species on Organic, IM or Conventional farms (F2,73 = 2.24, P > 
0.05). 
 
The species evenness was similar for most clusters, and averaged 0.47 (± 0.02) across all 
farms.  Evenness was greatest for farms in Fairlie, lowest in Methven (not included in the 
analysis), and similar across the other Clusters (Figure 9), although none of these 
differences were significant (F7,73 = 1.98, P = 0.07). 
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Figure 9:  Average Evenness (± standard error) for farms in the different Clusters in the 
study. Only the IM and Conventional farms were surveyed in Methven, and only the Organic 
and Conventional farms were surveyed in Waimate, so neither of these clusters were 
included in the analysis.  See Map1 for the cluster locations. 
 
As with the Shannon index, average Evenness (± standard error) was lowest on Organic 
farms (0.43 ± 0.03), higher on IM farms (0.45 ± 0.03) and highest on Conventional farms 
(0.51 ± 0.04).  However, once the differences between clusters were controlled for there was 
no significant difference in the average density of all species on Organic, IM or Conventional 
farms (F2,73 = 2.23, P > 0.05). 
 

Weed community composition 

The relationship between the farms in the study based on their overall weed community 
composition is shown in Figure 10, while the contributions of the different weed species in 
the analysis to PCA axis scores are shown in Table 6.  PCA Axis 1 explained 40 % of the 
variation in the data, while Axis 2 explained a further 23 % of the variation.  Farms positively 
associated with Axis 1 had relatively higher densities of dandelion, plantain, storksbill and 
winged thistle, while farms negatively associated with Axis 1 had relatively greater densities 
of Californian thistle, daisy and shepherds purse.  Farms positively associated with Axis 2 
also had relatively greater densities of dandelion, while farms negatively associated with the 
axis had greater relative densities of daisy (Table 6). 
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Figure 10:  Multivariate weed community composition on the ARGOS sheep/beef farms in 
the study.  Composition was analysed using a Principal Components Analysis with a 
Variance/Covariance matrix structure.  For each farm, the average density (individual 
plants/m of transect) of each weed species was used in the analysis. 
 
Farms in the Catlins, Gore and Waimate tended to be most strongly negatively associated 
with Axis 1 (and thus characterised by high densities of Californian thistle, daisy and 
shepherds purse), while farm 5C (Fairlie, Conventional) was characterised by very high 
densities of dandelion.  There were significant differences between clusters in the overall 
community composition based on PCA Axis 1 scores (F7,14 = 9.79, P < 0.01).  Weed 
community composition was significantly different in the Catlins to every other cluster, while 
Gore weed communities were significantly different to every other cluster with the exception 
of Waimate, and weed communities in Waimate were significantly different to those in 
Clusters Marlborough, Amberley, Banks Peninsula and Fairlie.  Once the cluster differences 
were controlled for, there were no significant differences in overall weed community 
composition between Organic, IM and Conventional farms based on their PCA Axis 1 scores 
(F2,14 = 1.96 P > 0.05).   
 
There were no significant differences in PCA Axis 2 scores, either between Clusters (F7,14 = 
0.45, P < 0.01) or between Panels once Cluster effects were controlled for (F2,14 = 0.32 P > 
0.05). 
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Table 6: PCA Axis Scores (Eigenvectors) for each weed species found on more than five 
ARGOS sheep/beef farms in the current study.  

Species PCA Axis 1 Score PCA Axis 2 Score 

Buttercup -0.034 0.007 

Californian thistle -0.957 0.083 

Chickweed 0.001 -0.002 

Daisy -0.129 -0.215 

Dandelion 0.054 0.969 

Dock -0.009 -0.039 

Foxglove 0.001 -0.001 

Hedge mustard -0.016 -0.007 

Mallow 0.002 -0.002 

Nodding thistle -0.055 0.006 

Plantain 0.035 0.014 

Rushes 0.010 0.007 

Scotch thistle -0.026 -0.002 

Shepherd’s purse -0.223 -0.028 

Stinging nettle -0.025 0.003 

Storksbill 0.024 -0.015 

Tussock -0.015 0.015 

Wing thistle 0.086 -0.072 
 
There were 26 species that occurred on fewer than five of the study farms and these were 
not included in the multivariate analysis (see Appendix 1).  Of the 17 species that were only 
found on one farm, seven were found on Organic farms (burdock, fumitory, hieracium, 
mushroom species, piripiri, redroot and willow weed), five on IM (cutty grass, geranium, 
Paterson’s curse, red tussock, and staggerweed) and five on Conventional farms 
(chamomile, gorse – recorded as small plants away from the paddock margins, hawkweed, 
horehound, and plumeless thistle). 
 

Size of non-forage herbaceous plants 

Eight species were recorded frequently enough to compare weed size on organic, IM and 
conventional farms (Table 7).  The average size of buttercup, dandelion, dock, plantain and 
scotch thistle was greatest on organic farms, daisy were largest on IM farms, Californian and 
nodding thistle were largest on conventional farms, and winged thistle were similarly sized 
under all three management systems.  However, the sizes of individual plants of most 
species were highly variable within and between management systems, and average size 
only differed significantly for dandelion, which were significantly smaller on IM farms than on 
either organic or conventional farms.   
 
We investigated size variability more closely by comparing the weed size variance between 
management systems for each species.  The variance in weed size between management 
systems approached significance for buttercup (average variance ± standard error: organic = 
2.21 ± 0.84, IM = 0.35 ± 0.35, conventional = 0.39 ± 0.13; F2,4 = 6.02, P = 0.06) and 
dandelion (organic = 19.48 ± 8.07, IM = 3.34 ± 1.09, conventional = 7.69 ± 2.11; F2,4 = 3.34, 
P = 0.07).  Weed size variance did not differ significantly for any other species.  There was 
no evidence of bimodal size distribution for the two biennial species (nodding thistle, Scotch 
thistle ). 
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Table 7:  Summary statistics for weed size on organic, IM and conventional farms in the 
study.  Shown is the mean length of the largest leaf, standard error of the mean and 
percentage coefficient of variation (%CV).   F-statistics are shown from an unbalanced 
analysis of variance, where mean length was the response variable and management 
system was the treatment variable.  Californian thistle, dandelion and scotch thistle were the 
only species with enough records to include cluster in the model as a blocking variable; for all 
other species only management system was included in the model. Californian thistle, daisy, 
dock and plantain were analysed using untransformed data, while dandelion was analysed 
using a 4th root transformation ((x+1)0.25), scotch thistle was analysed using a square root 
transformation ((x+1)0.5), and nodding thistle and winged thistle were analysed using a 
log10(x+1) transformation 

Species Mean Standard 
error 

% CV F P 

Buttercup       
Organic 3.52 0.44 17.80 F2,4 = 2.79 0.175 
IM 2.14 0.14 9.43   
Conventional 2.94 0.40 23.41   
      
Californian 
thistle 

     

Organic 10.98 0.90 21.77 F2,9 = 0.26 0.774 
IM 10.85 0.61 13.84   
Conventional 11.21 0.40 8.69   
Daisy      
Organic 1.98 0.48 34.01 F2,4 = 2.72 0.180 
IM 2.00 0.00 0.00   
Conventional 1.25 0.25 28.28   
Dandelion      
Organic 9.00

a
 0.85 26.70 F2,12 = 

7.24 
0.009 

IM 5.76
b
 0.69 31.71   

Conventional 8.58
a
 0.78 27.23   

Dock      
Organic 17.72 2.92 36.79 F2,11 = 

1.44 
0.278 

IM 14.38 1.59 24.79   
Conventional 11.40 3.18 55.74   
Nodding 
thistle 

     

Organic 20.15 1.27 10.92 F2,5 = 0.10 0.910 
IM 21.47 0.65 4.30   
Conventional 24.45 7.41 52.50   
Plantain      
Organic 9.00 0.00 0.00 F2,4 = 0.20 0.827 
IM 8.78 1.78 28.61   
Conventional 6.91 2.21 64.10   
Scotch 
thistle 

     

Organic 20.05 2.25 25.07 F2,8 = 1.02 0.403 
IM 17.01 1.57 24.45   
Conventional 19.70 2.00 28.75   
Winged 
thistle 

     

Organic 10.94 1.06 13.74 F2,4 = 0.05 0.950 
IM 10.56 3.47 56.97   
Conventional 10.71 4.29 56.72   
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Biomass of pasture 

Biomass of pasture was similar across all clusters at the time of the survey, and averaged (± 
standard error) 2310 (± 92) Kg DM/Ha across all farms.  Dry matter was lowest in Cluster 1 
and 2 (2039 ± 167 Kg DM/Ha and 1765.6 ± 204.1 Kg DM/Ha respectively) and highest in 
Clusters 3 and 5 (2707 ± 213 Kg DM/Ha and 2800 ± 210 Kg DM/Ha respectively), although 
none of the differences between clusters were significant (F7,108 = 1.26, P > 0.05). 
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Figure 11:  Average dry matter in Kg DM/Ha on Organic, IM and Conventional ARGOS 
sheep/beef farms surveyed in the current study.  Dry matter was determined using a Filips 
rising plate meter fitted with an electronic counter. The graph excludes data from Cluster 5 
(Fairlie) and Cluster 12 (Waimate) as not all three farm types were surveyed in these 
clusters. 
 
 
Average dry matter (± standard error) on Organic farms was 2438 ± 171 Kg DM/Ha, 1949 ± 
122 Kg DM/Ha on IM farms, and 2452 ± 191 Kg DM/Ha on Conventional farms (Figure 11).  
Once any effect of cluster was controlled for, there were significant differences between 
panels in Kg DM/Ha (F2,108 = 4.35, P = 0.02), with dry matter significantly lower on IM farms 
than on either Organic or Conventional, which did not differ from each other. 
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Discussion 
 
Non-forage herbaceous plants, many of which are acknowledged weeds, were recorded on 
all the farms in the study, although individual species occurrence, species richness and weed 
abundance were highly variable between individual farms, between paddocks within 
individual farms, and geographic clusters.  Our findings suggest the over-riding importance of 
climatic and physicochemical variables in determining weed extent and impacts.  Farms in 
areas with higher rainfall, greater topographic relief and greater variation in soil types and 
quality, such as those in the Catlins and Gore, frequently had significantly greater weed 
abundance and diversity than farms with less rainfall and greater homogeneity of topography 
and soil types, such as the farms on the Canterbury Plains. 
 
We found very few significant differences in the distribution, diversity and abundance of 
herbaceous plants present on farms employing organic, IM or conventional management 
techniques, although they did constitute a greater proportion of the sward on organic farms.  
Some parameters for some species may indicate greater threats from weeds on organic 
farms, particularly with respect to weed size.  The average size of buttercup, dandelion, 
dock, plantain and scotch thistle was greatest on organic farms, although not significantly so.  
Buttercup, dock and scotch thistle are widely acknowledged problem plants, and their larger 
sizes may suggest that these species may be harder to control using organic management 
techniques.  Dock and scotch thistle both have strong taproots (Roy et al. 2004), and may be 
harder to eradicate or control using the mechanical techniques allowed under organic 
certifications.  In comparison, dandelion and plantain are often tolerated or encouraged in 
organic farming as an alternative source of minerals and vitamins for livestock (Wilman & 
Derrick 1994), and so their larger sizes on organic farms may reflect an active ‘lack of 
management’ that leads to increased prevalence and size of these species. 
 
Of the other species with sufficient data, daisies were largest on IM farms, Californian and 
nodding thistles were largest on conventional farms, and winged thistles were similarly sized 
under all three management systems, so organic management options appear to be as 
effective as more conventional means for at least some species.  Overall, weeds of 
management concern constituted 0.28 % of the sward on organically managed farms, 0.19 
% on IM farms and 0.16 % on conventionally managed properties.  Given the average sizes 
of Organic (359 ha), IM (455 ha) and Conventional (419 ha) ARGOS sheep/beef farms, an 
average of 1 ha of pasture on Organic farms, 0.9 ha on IM farms and 0.7 ha on Conventional 
farms is being lost to production.  Average economic surplus per ha per year for ARGOS 
farms are $417, $336, and $195 for Organic, IM and Conventional farms respectively, 
resulting in direct economic costs of lost production losses annually due to herbaceous 
weeds of $417, $302, and $136 for each management system. In terms of the total economic 
returns, these losses amount to 0.38 % of farm surplus for Organic farms, 0.35 % for IM and 
0.18 % for Conventional farms.  A full economic analysis of the direct and indirect costs of 
weed control for farms with alternative management systems is clearly required before we 
can conclude if the costs of herbaceous weed control are significantly greater for organic 
sheep/beef farmers in New Zealand. 
 
Nodding thistle was the only species that differed in abundance between the management 
systems, being significantly more common on IM farms and least abundant on organic farms.  
The reason for this difference is unclear, but may relate to active targeting of thistles by 
organic farmers, or ineffective management options for IM farmers.  Nodding thistle is one of 
a number of species that has developed widespread herbicide resistance (Bonner et al. 
1998), and the distribution, abundance and long-term effectiveness of the three biocontrol 
agents, the receptacle weevil (Rhinocyllus conicus),  the gall fly (Urophora solstitialis) and 
the rosette weevil (Trichosirocalus horridus) is not yet known (Shea et al. 2005).  It is 
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generally acknowledged that the importance of nodding thistle as a pasture weed in New 
Zealand is declining.  This has been attributed to the introduction of biological control, but 
definitive research has not been undertaken here.  Recent modeling suggests that 
survivorship of small rosettes is an important determinant of the population dynamics, and a 
high proportion of these are destroyed by the rosette weevil.  Variation in nodding thistle 
dynamics between farming systems may reflect indirect effects via the biological control 
agents.  Crash grazing by sheep and in particular goats has been shown experimentally to 
effectively control nodding thistle populations (Holst et al. 2004), although we do not know 
how frequently this technique is used by ARGOS farmers.  Certainly, goats are not 
commonly stocked on ARGOS organic farms (D. Lucock, pers. comm.).  Why only nodding 
thistle would show this difference is unknown and should be the focus of further work, 
particularly given the propensity for nodding thistle to rapidly form large infestations and 
develop herbicide resistance (Bonner et al. 1998). 
 
Recorded sward biomass was very similar on organically and conventionally managed farms, 
at approximately 2,400 Kg DM/ha, which was approximately 20% higher than the levels 
recorded on the IM farms.  Weed species constitute a greater proportion of this biomass on 
organic farms than on conventional farms.  However, given that this fraction is made up of 
both problem weed species and species that may have nutritive or medicinal properties, the 
relative nutritional value and quality of organic and conventional pastures for livestock may 
be similar.  Future work should compare animal health and stock weight gain on organic, IM 
and conventional farms to see if these apparent differences in pasture composition and 
quality are realized in productivity differences between the panels. 
 
Farmers recorded managing 22 ‘pastoral’ weeds on the study farms in the past five years 
(Hill et al. 2006).  However, just a few species dominated the records of control events - the 
woody weeds gorse and broom, the perennial Californian thistle, and annual/biennial 
nodding and Scotch thistles.  Van Toor and Stuck (1993) and Popay et al. (2002) also found 
that farmers were preoccupied by these species, but it is surprising to note that Bascand and 
Jowett (1982) and Cockayne (1917) also noted that these species were dominant weeds for 
South Island pastoral farmers.  This raises three points.  Firstly, despite consistent weed 
management effort over many decades, there have been no significant long-term, 
widespread changes in pest status of these weeds. Secondly, over this period no other 
species have increased in importance to supplant these weeds in the consciousness of 
sheep/beef farmers in the South Island.   It is interesting that mouse-eared hawkweed, or 
hieracium (Hieracium pilosella) was not listed as a weed of concern on any of the farms, 
even though it is a serious weed of pastoral agriculture in some parts of the South Island 
(Duncan et al. 1997; Hunter et al. 1992).  This reinforces the fact that the results of this 
survey cannot easily be generalised to other farming systems in the South Island, let alone 
North Island sheep/beef farms.   
 
And thirdly, while Californian thistle was both the most frequently mentioned herbaceous 
species and the most abundant species in the field surveys, other species were more 
abundant on the farms than nodding thistle (dandelion and daisy) and scotch thistle 
(plantain).  These three species are all less immediately visible than the thistles, and in the 
case of dandelion and plantain, may be viewed as beneficial species by some farmers.  Four 
of the 12 organic farmers surveyed felt that herbaceous species could prove beneficial to 
their farming operation, compared to only one of the 20 IM and conventional farmers in the 
study.  This included several organic farmers who placed value on thistles for providing 
fodder in dry periods and on Californian thistles in particular for conditioning the soil (Hill et 
al. 2006).  Clearly, a more nuanced understanding of the prevalence, abundance and 
impacts of herbaceous species on South Island sheep/beef farms is required, and we would 
caution against grouping all herbaceous species simply as ‘weeds’. 
 



 31 

Results from the weed management survey (Hill et al. 2006) also revealed strong differences 
in attitudes to weeds and how they are managed by organic compared to IM and 
conventional farmers.  However, the organic growers themselves did not share their 
counterparts’ perception that weeds were a significant barrier to sustainable organic 
agriculture. Testimony of the practitioners themselves is strong grounds for skepticism that 
weeds are more an imagined than real barrier to conversion to organic sheep/beef farming. 
However, further research is needed before we would conclude unequivocally that weeds are 
indeed not a barrier to the actual economic, social and environmental performance of organic 
farming.  Surveys of weed abundance such as this study and estimates of impacts on farm 
production will be telling indicators.  Certainly orchard floor vegetation in organic kiwifruit 
orchards is more diverse (Benge & Moller 2006) and obviously includes more ‘weeds’.  Our 
preliminary calculation that the cost of weed management are about equivalent between 
conventional, IM and organic sheep/beef farmers does not include calculations of lost 
production and is strongly dependent on the assumed value of farm labour (we used $25 per 
hour). Impacts on lifestyles by imposition of time demands to control weeds may be 
important for some farming families and the increased demands on time may be significant 
discouragement for IM or conventional farming families to convert to organic.  A potentially 
important caveat is that ARGOS’s longitudinal study is that only successful organic farmers 
are included in the analysis. If weed management were a significant barrier to farm 
productivity in other places or for other families, it could be a predominant factor in the failure 
of unsuccessful organic farms. We therefore need to mount a separate study using ‘exit 
interviews’ of organic farmers that convert back to IM or conventional to find out why (Moller 
2005). 
 
With these factors in mind, specific areas of further empirical research interest include: 

• Information is required on trends in weed prevalence, particularly on organic and IM 
farms where pasture weed communities may still be responding to changes in 
management following conversion to either of these production systems.    

• Information is required on the degree and effectiveness of biological control methods 
on organic, IM and conventional farms. 

• Additionally, information on trends should be gathered for species seen both as a 
nuisance or beneficial by farmers, and which are the targets of management actions, 
to identify the effectiveness, challenges and benefits that accrue from weed 
management. 

• The reasons for the differences in nodding thistle abundance between organic, IM 
and conventional management systems should be investigated further.  Nodding 
thistle can rapidly form large infestations, the species shows increasing herbicide 
resistance and the long-term effectiveness of biological control agents is not known.  
Therefore specific information on management options, attitudes to control and actual 
weed prevalence and population dynamics on farms with alternative management 
systems is required. 

• Information from the above two points should be combined with estimates of forage 
quantity and quality, to investigate relative stock growth and health on farms with 
different weed prevalence and management.   

• A full economic analysis of the direct and indirect costs of herbaceous species on 

organic, IM and conventional sheep/beef farms should be conducted.  This should 

include the direct costs associated with lost production due to key weeds of 

management  concern (buttercup, dock, thistles), as well as indirect costs or savings 

from the presence of other herbaceous species.  
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Appendix 1:  The average abundance (individual weeds/m of transect for all species recorded on ARGOS sheep/beef farms in the 

current study. 
 

Species 1A 1B 1C 2A 2B 2C 3A 3B 3C 5B 5C 7A 7B 7C 

Burdock               

Buttercup   0.09 <0.01   0.13 <0.01    0.01 0.12 0.03 

Californian thistle <0.01  0.04 0.02 0.02 0.08 0.12 0.01 0.09 0.51 0.01 0.45 0.63 0.01 

Chickweed  <0.01 <0.01  <0.01  0.01 0.07 0.03   <0.01  0.01 

Cutty grass             0.08  

Daisy   0.03   <0.01 0.19 0.91 0.09 <0.01     

Dandelion 0.04 0.25 2.09 0.73 0.13 0.11 0.55 0.13 0.34 0.01 4.17 0.31 0.01 <0.01 

Dock <0.01 0.01 0.01 0.01  <0.01 0.08  0.02 1.51 0.02 <0.01 0.04 0.02 

Doves foot      0.02  0.15       

Fathen 0.18  0.01            

Foxglove   <0.01    0.04 0.01 <0.01      

Fumitory 0.17              

Gorse   <0.01            

Hedge mustard  0.02  0.01    <0.01  0.27 <0.01    

Horehound      0.01         

Mallow 0.06 0.05    <0.01         

Mushrooms               

Nodding thistle  0.01 0.02   <0.01    <0.01 <0.01 0.02 0.02 0.01 

Orange hawkweed         0.02   0.42   

Piripiri       0.26        

Plantain <0.01 0.02 0.35 0.04  0.39 0.51 0.03 0.16 0.47     

Plumeless               

Ragwort          <0.01     

Redroot 0.06              

Rushes 0.01 0.20 0.16  0.01 0.09 0.11 0.04    0.01 0.14  

Scotch thistle 0.04 0.02 0.03 0.01 0.02 0.05 0.06 0.07 0.01  0.03 <0.01 0.01 0.04 

Shepherds purse  0.02   0.40 <0.01  <0.01  <0.01   <0.01  

Speedwell    0.01 0.01          

Staggerweed  0.05             
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Species 1A 1B 1C 2A 2B 2C 3A 3B 3C 5B 5C 7A 7B 7C 

Stinging nettle <0.01    0.02 0.04    <0.01  0.02   

Stinking mayweed               

Storksbill 0.01 0.03 0.02 0.14 0.08 0.76         

Tussock spp. 0.00 0.01             

Variegated thistle 0.00       0.00       

Willow weed               

Winged thistle 1.94 0.20 0.00 0.01 0.76 0.13  0.16 0.00      

Wireweed    0.04  0.01         

Yarrow        0.00 0.01      
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Species 8A 8B 8C 9A 9B 9C 10A 10B 10C 11A 11B 11C 12A 12C 

Burdock       <0.01        

Buttercup <0.01  0.06 0.15 0.08 0.32 0.11 0.02 <0.01 <0.01  0.02  <0.01 

Californian thistle 0.85 1.46 0.47 3.66 2.82 2.96 2.45 0.86 0.71 1.72 2.92 0.22 0.63 0.14 

Chickweed <0.01 <0.01 <0.01 0.01 <0.01 0.02 0.01      0.01 0.01 

Cutty grass               

Daisy 0.56 0.29 1.40 0.76 1.71 0.20 0.03 0.53 2.49 <0.01  1.75   

Dandelion 0.17 0.73 0.26 1.46 0.04 0.22 0.24 0.04 0.13 0.20 0.66 0.21 0.14 0.02 

Dock 0.04 0.02  0.02 0.03 0.05 0.37 0.05  0.07 0.02 0.20 0.15  

Doves foot     0.02          

Fathen       0.49        

Foxglove   0.03 <0.01 <0.01          

Fumitory               

Gorse               

Hedge mustard       0.30    <0.01 <0.01   

Horehound               

Mallow          0.01 0.02    

Mushrooms             <0.01  

Native flax <0.01 <0.01             

Nodding thistle          0.07 1.14 0.59 0.04 0.12 

Orange hawkweed               

Pattersons curse               

Piripiri               

Plantain <0.01 <0.01 <0.01 0.07  <0.01    <0.01 0.01 0.01 <0.01 0.01 

Plumeless thistle      <0.01         

Ragwort      <0.01         

Redroot               

Rushes 0.01 0.06 <0.01 0.03 0.01 0.06  <0.01  <0.01   0.02  

Scotch Thistle 0.05 0.08 0.04 0.14 0.30 0.08 0.02 0.03 0.07 0.02 <0.01 0.02 0.05  

Shepherds purse     0.01  3.57   <0.01 0.03  <0.01  

Scrambling speedwell           0.02    

Staggerweed               
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Species 8A 8B 8C 9A 9B 9C 10A 10B 10C 11A 11B 11C 12A 12C 

Stinging nettle   0.20  0.12      0.34  0.01 <0.01 

Stinking mayweed         <0.01      

Storksbill     0.01  <0.01  0.05  0.02   0.07 

Tussock spp. 0.04 0.97     <0.01        

Variegated thistle               

Willow weed       2.32        

Winged thistle    <0.01   0.01        

Wireweed               

Yarrow               

 


