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There is increasing interest worldwide in maintaining 
and improving biodiversity and many people consider 
biodiversity to be an important measure of the health 
of eco-systems and agricultural sustainability. Within 
New Zealand, the Government and regional councils 
have an active role in promoting and preserving 
biodiversity. 

The community expectation of farmers is that natural 
resources are being protected and used efficiently and 
farming methods are not imposing too big an impact 
on the environment. 

Farmers can play a key role in improving the community 
perceptions of their industry by contributing to the 
following; 

Biodiversity on land
Conservation of terrestrial and aquatic ecosystems 
and habitats, both natural and modified and the 
indigenous species that live there.

Conservation and use of genetic 
resources
Conservation and use of the genetic resources of 
indigenous and important introduced species in New 
Zealand and sharing their benefits.

Biosecurity and biodiversity
Managing the risk to indigenous biodiversity and 
important introduced species from the introduction 
and spread of harmful organisms including; weeds, 
diseases, and insect and animal pests. 

New Zealand’s Biodiversity 
Strategy 2000-2020
www.doc.govt.nz/nature/biodiversity/nz-biodiversity-
strategy-and-action-plan/new-zealand-biodiversity-
strategy-2000-2020

The New Zealand Biodiversity Strategy fulfils in 
part, commitments New Zealand has made under 

Biological diversity
Biological diversity or “biodiversity” describes the 
variety of all biological life, being plants and animals, 
fungi and microorganisms, the genes they contain, 
and the ecosystems where they live. Biodiversity 
encompasses all life forms and their interactions with 
each other.

Biodiversity is seen as being New Zealand’s biological 
wealth. It contributes to the productivity of our land-
based primary production; farming, forestry and 
horticulture and provides a number of services, 
without which our farm systems would become 
unsustainable. It also contributes to the well-being of 
all New Zealanders.

Ecosystems services
Ecosystems services; are the multitude of resources 
and processes that are supplied by natural 
ecosystems. 

These services include: 

• Production of food.

• Creation and maintenance of soils. 

• Purification of water. 

• Decomposition of waste. 

• Nutrient cycling. 

• Provision of pollination and pest control. 

• Regulation of local and global climates. 

• Provision of recreational and spiritual benefits.

These services are provided free of charge by 
nature and are often taken for granted. A lack of 
understanding of the functioning and the inter-
relationships between these services may put them at 
risk to the extent that they are disrupted and no longer 
able to deliver their benefits.

Key points:
•	 Biodiversity,	both	indigenous	and	exotic,	is	New	Zealand’s	biological	wealth.	It	contributes	to	farming	

and	 forestry	 by	 providing	 a	 number	 of	 services	without	which	 our	 farm	 systems	would	 become	
unsustainable.	

•	 New	Zealand’s	Biodiversity	Strategy	establishes	four	goals	for	conserving	and	sustainably	managing	
our	biodiversity.

•	 Regional	 councils	 have	 individual	 programmes	 to	 enhance	 and	 restore	 biodiversity	 within	 their	
regions.	They	encourage	community	engagement.	Many	regional	councils	have	funding	set	aside	
for	biodiversity	projects,	this	is	accessible	for	on-farm	projects	such	as	riparian	plantings,	plantings	
for	erosion	control	and	retirement	of	bush	areas.
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the Convention of Biological Diversity. It takes up 
the challenge to halt the decline of our indigenous 
biodiversity — our unique plants and animals and the 
places they live.

Four goals are established for conserving and 
sustainably managing New Zealand’s biodiversity:

Goal One: Community and individual 
action, responsibility and benefits
“Enhance community and individual understanding 
about biodiversity, and inform, motivate and support 
widespread and coordinated community action to 
conserve and sustainably use biodiversity; and

Enable communities and individuals to equitably share 
responsibility for, and benefits from, conserving and 
sustainably using New Zealand’s biodiversity, including 
the benefits from the use of indigenous genetic 
resources.”

Goal Two: Treaty of Waitangi
“Actively protect iwi and hapu interests in indigenous 
biodiversity, and build and strengthen partnerships 
between government agencies and iwi and hapu 
in conserving and sustainably using indigenous 
biodiversity.”

Goal Three: Halt the decline in New 
Zealand’s indigenous biodiversity
“Maintain and restore a full range of remaining natural 
habitats and ecosystems to a healthy functioning 
state, enhance critically scarce habitats, and sustain 
the more modified ecosystems in production and 
urban environments; and do what else is necessary.

Maintain and restore viable populations of all 
indigenous species and subspecies across their 
natural range and maintain their genetic diversity.”

Goal Four: Genetic resources of 
introduced species
“Maintain the genetic resources of introduced species 
that are important for economic, biological and cultural 
reasons by conserving their genetic diversity.”

The focus of this national strategy is firmly on 
indigenous species, however, as arable farmers our 
focus needs to be wider than this. All of our productive 
crops have been introduced and to maintain their 
productivity, we rely on the services of introduced 
insects, such as honey bees, lady birds and hover 
flies for pollination and integrated pest management 
services. A diversity of plants, some of them considered 
as weeds, provide habitat to support these species. 

Figure 1. A community effort to plant a riparian planting in Wairarapa.
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On the other side of the coin, many introduced species 
are pests in arable systems, with ongoing costs 
for control.

Regional Council 
Biodiversity Initiatives
New Zealand’s regional councils have biodiversity 
strategies designed to protect and enhance 
biodiversity within their regions. Many regional councils 
have funding set aside for biodiversity projects. This 
is accessible for on-farm projects such as riparian 
plantings, plantings for erosion control and retirement 
of bush areas. Being involved at a regional level is a 
good way of demonstrating environmental stewardship 
to the community, and community groups and schools 
are often keen to help with planting, maintenance 
and monitoring.

Examples 
Hawke’s Bay Regional Council has a Biodiversity 
Strategy which takes responsibility for improving 
native species and populations in Hawke’s Bay. It is 
also flexible and provides for introduced species, 
particularly where these provide habitat, food and 
shelter for native species.

w w w.hbrc.gov t.nz /hawkes-bay/b iod i ve rs i t y/
biodiversity-strategy

Environment Canterbury’s strategy fosters 
a coordinated and cooperative approach and 
recognises the importance of shared responsibility 
and working together to achieve the strategy’s vision. 
Continued commitment and participation from our 
communities, decision-makers and landowners will 
ensure continued enjoyment of our region’s natural 
landscapes and wildlife in the future.

www.ecan.govt.nz/your-region/plans-strategies-and-
bylaws/canterbury-biodiversity-strategy

Environment Southland is responsible for managing 
areas with particularly high biodiversity values, 
including Fiordland and much of Stewart Island. Their 
programme of biodiversity work focusses on:

• Managing certain pest animals (e.g. possums, 
ferrets, rooks) and plants (e.g. gorse, broom, 
wilding trees).

• Environmental education for teachers, schools, 
farmers and community groups.

• Monitoring and advice on species and habitat.

www.es.govt.nz/environment/biodiversity/Pages/
default.aspx

Waikato Regional Council is facilitating a new, 
innovative and collaborative programme aimed at 
restoring indigenous biodiversity in the Waikato.

www.waikatoregion.govt.nz/environment/natural-
resources/biodiversity/ indigenous-biodiversity-
programme/

Greater Wellington Regional Council has a key 
role in managing biodiversity. Find out about GWRC’s 
responsibilities, and how we protect, manage and 
restore areas with high biodiversity value across 
the region.

www.gw.govt.nz/biodiversity
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Modern farming systems are often monocultures 
with a focus on rearing a single animal species or 
a small range of crops. There can, however, be a 
surprising amount of life in a monoculture, most of 
which we know very little about. This includes micro-
organisms (bacteria, fungi, nematodes and protozoa), 
micro-invertebrates (organisms that can only be 
seen with a microscope) and macro-invertebrates 
(which can be seen with the naked eye). Some are 
pests or beneficials that we pay particular interest in 
but by far the majority are just part of the ecosystem 
(though they may be important indirectly to the health 
of the crop by providing important functions such as 
nutrient cycling).

The choice of insecticides used can have a big impact 
on the micro and macro invertebrates present within 
a crop. In many crops there can be high numbers of 
predators and parasitoids that can contribute to pest 
control, so ideally insecticides should be used in the 
least disruptive way and only when necessary so that 
the beneficials can work alongside the chemicals.

For more information on IPM in the cropping system 
see FAR Focus 12 on the FAR website.

A better understanding of on-farm biodiversity can 
contribute to increasing the numbers of beneficial 
species and reduce the time lag between the pest 
arriving in a crop and the beneficials that predate 
or parasitise them to arrive. Without this information 
there is a lack of consideration given to biodiversity 
within the farm landscape, especially if it is difficult 
for the farmer to perceive what benefits might 
be delivered. Further to this, farmers may have a 
negative view about areas of biodiversity in the farm 
surrounds, especially if farm management practices 
have inadvertently promoted some plant and animal 
species to the extent that they have become pests 
and a cost to the farm business.

From a wider perspective, it is important to consider 
the public’s perception of farming. It is easy for the 
public to overlook the contribution that farming makes 
to the national economy and focus on a negative view 
of the impacts of farming on the environment. The lack 
of diversity on many modern farms contributes to this 
perception and a number of disservices associated 
with farming practices are attributed to environmental 
degradation.

• Loss of wildlife habitats.

• Degradation of soils.

• Inappropriate use of water.

Figure 2. FAR Focus 12 - Integrated Pest Management.

Key points:
•	 Modern	farming	systems	are	often	monocultures,	however	there	can	be	a	surprising	amount	of	life	

in	a	monoculture,	most	of	which	we	know	very	little	about.

•	 Some	species	are	pests	or	beneficials	and	we	pay	particular	interest	to	them	but	the	majority	are	
just	part	of	the	ecosystem.	These	may	be	important	indirectly	to	the	health	of	the	crop	by	providing	
important	functions	such	as	nutrient	cycling.

•	 Opportunities	exist	on	many	farms	for	areas	of	biodiversity	to	be	established	and	it	is	important	for	
farmers	to	consider	how	areas	of	biodiversity	could	be	integrated	on	their	farms.

•	 The	 FAR	 Arable	 Biodiversity	 Strategy	 is	 focused	 on	 the	 coordination	 of	 research	 and	 extension	
activities	on	a	set	of	agreed	priorities	relating	to	the	benefits	of	biodiversity	on	New	Zealand’s	arable	
farms.

•	 FAR	work	programmes	will	consider	the	contribution	of	eco-services	from	biodiversity	particularly	
in	work	 relating	 to	soil,	water	quality,	beneficial	 insects	 for	pollination	and	pest	management	and	
weed	management.
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• Nutrient leaching to groundwater.

• Sedimentation of waterways from run-off 
and erosion.

• Greenhouse gas emissions. 

• Loss of recreation amenities.

When biodiversity is present, it is strongly influenced 
by the availability of non-productive pockets of land on 
the farm and in the surrounding farm landscape and 
on the farm management practices.

Opportunities exist on many farms for areas of 
biodiversity to be established and it is important for 
farmers to consider how areas of biodiversity could 
be integrated on their farms. It is often not necessary 
to reduce productive farm land for biodiversity 
development as non-farmed areas and areas beyond 
the farm boundaries can be developed to provide 
habitats for insect and bird species that are beneficial 
to arable crops. 

The FAR Biodiversity 
Strategy 
The FAR Arable Biodiversity Strategy is focused on 
the coordination of research and extension activities 
on a set of agreed priorities relating to the benefits of 
biodiversity on New Zealand’s arable farms. 

Farmers attending workshops on the role of biodiversity 
in their farm businesses identified the contribution of 
their soils and farm systems to ecosystem services 
and on-farm biodiversity. The strategy recognises 
this broader interest and FAR work programmes 
will consider the contribution of eco-services from 
biodiversity particularly in work relating to soil, water 
quality, beneficial insects for pollination and pest 
management and weed management.

The anticipated outcomes for the biodiversity strategy 
are:

• To improve the profitability of cropping farmers by 
harnessing the benefits of biodiversity in the farm 
system and surrounding landscape.

• To increase resilience so that arable farming 
businesses are resistant to future environmental 
risks such as the impact of the Varroa mite on bee 
populations.

• To increase resilience so that arable farming 
businesses are resistant to future economic shocks 
such as fluctuations in pesticide costs and changes 
in consumer demand because of environmental 
concerns about pesticide use.

• To improve the negative public perception of 
farming practices, particularly with respect to soil 
and water management. 

Specific objectives are:
1. To reduce the reliance on pesticides for insect 

control by researching and demonstrating the 
benefits of integrated pest management systems 
and thereby increasing adoption of IPM in the 
arable sector.

2. To improve pollination success in all seed crops by 
optimising the use of a range of pollinators in the 
crop. 

3. To discover which beneficial insects establish 
populations in a planned biodiversity planting.

4. To reduce yield losses from seed and grain crops 
caused by birds by improving our understanding of 
population dynamics of pest bird species and the 
opportunities for habitat manipulation and the use 
other bird species as deterrents. 

5. To maintain the productivity of arable soils.

Although this strategy is focused primarily on the 
arable farm environment, FAR recognises that pest and 
beneficial species do not recognise farm boundaries.  



3. Biodiversity projects
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Key points:
•	 Two	 significant	MPI	 Sustainable	 Farming	 Fund	 projects	 have	 developed	 selections	 of	 plants	 for	

biodiversity	plantings	on	arable	farms.

•	 Better Biodiversity on Arable Farms	 focussed	on	 indigenous	plants	 for	biodiversity	plantings	and	
the	association	of	beneficial	insects	with	these	plantings.

•	 Trees for Bees	focussed	on	plants	that	provide	and	annual	supply	of	pollen	to	optimise	bee	nutrition	
and	health.

•	 The	abundance	of	key	beneficial	insects	can	be	increased	on	a	farm	through	the	establishment	of	
plant	species	chosen	to	provide	habitats	for	these	insects.

The Ministry for Primary Industries’ (MPI) Sustainable 
Farming Fund has funded two significant projects 
focussing on farm biodiversity and the beneficial 
insects associated with biodiversity plantings.

Building Better Biodiversity 
on Cropping Farms
This FAR funded project recognised that a diversity 
of plants and insect species on the farm and in the 
surrounding farm landscape can provide benefits for 
farmers. There is the potential for beneficial species 
to provide predation of pest species and pollination 
for seed crops, improving farm productivity and 
high numbers of these species can be found within 
crops for many, but not all, of the key pests. Being 
able to harness the benefit of beneficial insects in 
the crop depends on having an understanding of 
integrated pest management (IPM) principles. For 
more information on IPM, refer to the FAR Focus 12: 
Integrated Pest Management which is available on the 
FAR website.

Durable, alternative habitats nearby to cropping land 
are also important to ensure that beneficial insects 
have the resources to maintain their populations, as 
crop rotations change and many farms have pockets 
of unproductive land where these plantings can be 
established.

The project objectives were to build better biodiversity 
on arable farms by developing tailor-made, on-farm 
durable habitats for beneficial insects, pollinators and 
predators. Scientific knowledge of plant associations 
with pollinators and insect predators of arable pests 
was used to develop plant lists for farm biodiversity 
plantings. 

Four on-farm plantings were established:

Site 1  Planted on the banks of an irrigation pond.

Site 2 A shelter belt planting.

Site 3  A riparian planting.

Site 4 Planted adjacent to the farm garden for  
  aesthetic value.

These sites were monitored for plant development 
and the presence of invertebrate pests and beneficial 
species. The monitoring techniques included trapping 
and observation. 

The collected data was used to determine:

• Characterisation of the insect species; both 
abundance and diversity between and within the 
planted and non-planted sites over time, at all 
sites.

• Whether increased plant species diversity 
corresponded with increased, stable populations 
of beneficial and pest invertebrate and vertebrate 
species.

Trees for Bees - Flowers 
for Healthy Bees in Times 
of Pollen Dearth
In November 2009, Federated Farmers launched the 
‘Trees for Bees NZ’ campaign. This is a collaboration 
between Federated Farmers, Landcare Research, the 
Oceania Pollinator Initiative, and many beekeepers, 
farmers and nursery owners to improve honey bee 
nutrition.

The objectives of this project was to improve honey 
bee health by increasing the availability of nutritious 
pollen sources by: 

• Identifying good “Bee Plants” – those that flower 
at the right times and provide a protein-rich pollen 
supply, especially when there is a pollen shortage.

• Selecting and trialling the use of good Bee Plants 
for planting on farms.

• Encouraging farmers to plant good Bee Plants to 
protect and support bees. 
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Pollination by honey bees is critical to the horticultural 
and agricultural sectors of the New Zealand economy. 
There has been a world-wide decline in bee health 
which is attributable to a number of factors, including 
the use of agrichemicals such as neonicotinoids and 
the impact of the Varroa mite on managed hives 
and feral bee colonies. The effect of poor diet is 
malnutrition and this compromises the bee’s ability to 
resist diseases and withstand long term stresses such 
as those from Varroa. 

Protein is critical to the honey bee’s survival and good 
health and pollen is the main source of protein in the 
natural diet of bees. Bee health can be improved by 
ensuring there is a diverse and abundant supply of 
flowers with protein-rich pollen in the landscape all 
year round.

Both these projects have a strong focus on the 
contribution that beneficial insects make to the farm 
business through the provision of habitats that support 
their life-cycles, population growth and permanent 
establishment on the farm.

Important outputs from these projects include the 
following list of indigenous plants for biodiversity 
plantings and reference for the Trees for Bees plant 
lists and the insect monitoring to measure the levels 
of both beneficial and pest insect species associated 
with the plantings.

These projects are part of a portfolio of FAR research 
programmes focussing on the beneficial insects 
associated with integrated pest management and 
pollination.

Further information can be found in these FAR Focus 
publications, FAR Focus 12 - IPM and FAR Focus 7 
Pollination. Both are available at far.org.nz.

Figure 4. FAR Focus 7 - Crop Pollination.

Figure 3. Honey bee foraging on Hebe.
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Plants for Biodiversity Plantings 
Indigenous plants 
Table 1 lists indigenous plants and their associated beneficial insects. It was compiled by Plant & Food Research 
Entomologists as part of the Building Better Biodiversity on Cropping Farms project.

Table 1. Pollinators, insect herbivores and pests (all pests and those pests found in vegetable and arable crops) 
associated with biodiversity planting options. Numbers in parentheses for pollinator species indicate number of 
species also described as predators. Only those plants species with distributions in the South Island, particularly 
within Canterbury, are included (table from Hedging our Bets report).

Plant species Pollinator 
speciesa

No. non-
pest species

No. all pest 
speciesb

Vegetable and arable 
pest speciesc

Alectryon excelsus 1 12 6 0e

Carmichaelia corrugata 7 (1) -d - 0
Carmichaelia kirkii 1 - - 0
Carmichaelia spp. 14 14 4 0
Carpodetus serratus 5 23 4 0
Celmisia spp. 6 5 - 0
Clematis afoliata 1 - - 0
Clematis paniculata 4 4 1 0
Clematis spp. (Perennial herb) 1 - - 0
Colobanthus spp. (Perennial herb) 1 3 - 0
Coprosma lucida 1 20 3 0
Coprosma repens 1 14 5 0
Coprosma sp. 3 - - 0
Cordyline australis 18 (2) 24 7 0
Coriaria arborea 1 11 4 0
Corokia cotoneaster 7 (1) 4 2 0
Corynocarpus laevigatus 1 38 11 0
Cotula spp. (Perennial herb) 3 - - 0
Discaria toumatou 4 23 - 0
Disphyma sp. 1 - - 0
Epilobium sp. (Perennial herb) 2 9 - 0
Fuchsia excorticata 2 21 8 1 (Aulacorthum solani)
Gentiana spp. 7 3 - 0
Hebe elliptica 9 19 5 1 (Myzus persicae)
Hebe loganioides 3 - - 0
Hebe macrocarpa 5 15 1 0
Hebe salicifolia 18 12 2 1 (Aphis gossypii)
Hebe stricta 8 (2) 32 8 2 (Macrosiphum euphorbiae, 

Myzus persicae)
Hebe subalpina 9 6 1 0
Hebe traversii 5 - - 0
Hebes spp. 23 (1) 4 - 0
Helichrysum bellidioides (Perennial 
herb)

1 - - 0

Hoheria angustifolia 8 12 1 0
Hoheria glabrata 1 - - 0
Hoheria populnea 5 26 4 0
Hoheria sexstylosa 4 12 1 0



a Pest species causing levels of damage requiring management of populations.
b Herbivore insect species described species that did not have any information indicating levels of damage that 
could require management of insect populations.
c Some typical vegetable and arable crops grown include, Brassica oleracea, B. rapa, Solanum tuberosum, 
Alium cepa, Raphanus sativus, Cucurbita moschata, Pisum sativum, Daucus carota, Cucurbita pepo, Cucurbita 
moschata, Triticum aestivum, Avena sativa, Hordeum vulgaris, Medicago sativa, Trifolium sp. (seed).
d Indicates no record.
e 0 indicates that no herbivorous insect species have been recorded as pests in vegetable or arable crops.

Plant species Pollinator 
speciesa

No. non-
pest species

No. all pest 
speciesb

Vegetable and arable 
pest speciesc

Hoheria spp. 7 (1) 25 1 0
Kunzea ericoides 21 54 8 0
Leptospermum scoparium 27 (1) 60 6 0
Leucopogon fraseri 5 (1) 5 - 0
Lophomyrtus obcordata 8 4 1 0
Melicope simplex 1 8 4 0
Metrosideros spp. 17 (1) 76 14 0
Meuhlenbeckia australis 6 - - 0
Meuhlenbeckia complexa 3 - - 0
Meuhlenbeckia spp. 6 - - 0
Mimulus repens (Perennial herb) 3 - 1 0
Myoporum laetum 2 33 11 1 (Myzus persicae)
Myrsine australis 1 33 4 0
Olearia adenocarpa 5 (2) - - 0
Olearia avicenniifolia 1 10 - 0
Olearia spp. 15 (2) 17 4 0
Ozothamnus leptophyllus 8 50 5 0
Pachystegia insignis (Perennial herb) 3 - - 0
Parahebe hulkeana 4 - - 0
Parahebes spp. 1 2 1 0
Parsonsia heterophylla 1 29 - 0
Pennantia sp. 4 - - 0
Peraxilla colensoi 2 7 2 0
Phormium tenax 14 34 9 1 (Aulacorthum solani)
Pittosporum crassifolium 5 (1) 18 5 2 (Aphis gossypii, Myzus 

persicae)
Pittosporum eugenioides 4 24 5 2 (Macrosiphum euphorbiae, 

Trialeurodes vaporariorum)
Pittosporum tenuifolium 4 47 8 1 (Aphis craccivora)
Pseudopanax crassifolium 2 26 2 0
Pseudopanax spp. 3 - - 0
Raoulia sp. (Perennial herb) 8 - - 0
Rubus australis 1 17 1 0
Rubus schmidelioides 1 - - 0
Samolus repens (Perennial herb) 1 1 - 0
Solanum laciniatum 2 2 8 1 (Bactericera cockerelli)
Sophora microphylla 7 (1) 3 1 0
Sophora spp. 1 - - 0
Tupeie antarctica 1 - - 0
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Figure 5. Cabbage tree. Figure 7. Kowhai.

Figure 6. Pohutukawa.

Plants for pollen 
Farmers can play an important role in supporting the 
year round supply of pollen and nectar for honey bees 
by planting bee friendly trees and shrubs in waterway 
margins, windbreaks, field edges, under pivots and 
along roadsides. A number of shelter and erosion 
control plants have abundant flowers to feed bees 
so consider selecting multi-purpose plants for these 
purposes.

	  
Figure 8. Beehives.

The Trees for Bees project has developed regional 
planting lists for bee-friendly plantings. Information 
about these can be found on the Trees for Bees 
website: www.treesforbeesnz.org.

Unwanted plants - A word 
of warning
When planning a biodiversity planting it is important 
not to plant unwanted species. These may be plants 
that could become unwanted weed species or harbour 
arable pest species.

The National Pest Plant Accord (NPPA) is a cooperative 
agreement between the Nursery and Garden Industry 
Association, regional councils and government 
departments with biosecurity responsibilities. Their 
role is to prevent the spread of highly damaging pest 
plants (weeds) in New Zealand.

A list of plants that cannot be sold, propagated or 
distributed in New Zealand can be found on the MPI 
website. Go to www.biosecurity.govt.nz and search 
prohibited plant list.
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Common name Scientific name Pest species
Kōhūhū Pittopsorum tenuifolium Potato aphid and Greenhouse whitefly
Lemonwood or Tarata Pittosporum eugenioides Black bean aphid
Karamu Coprosma robusta Foxglove aphid
Kotukutuku Fuchsia excorticate Foxglove aphid
Ngaio Myoporum laetum Green peach aphid
Ribbonwood Plagianthus regius Foxglove aphid and potato aphid 
Koromiko Hebe salicifolia Aphis gossypii
Flax Phormium tenax Foxglove aphid
Mingimingi Coprosma propinqua Potato aphid 

Beneficial Insects on 
Arable Farms
Beneficial insects play an important role on arable 
farms as pollinators for seed crops and for their 
contribution to pest control through predation and 
parasitism of arable insect pests. 

The arable farm landscape often has a limited diversity 
of plants. Apart from the crops in the rotation and 
pasture land, other farm plantings may include shelter 
belts and hedges, areas around sheds and farm 
buildings and riparian plantings. It is likely that when 
these farm plantings were planned and planted there 
was little consideration of how the choice of plants 
could enhance beneficial insect populations for the 
benefit of the farm. Our understanding, then and now, 
about the insects associated with farm plantings is 
poor because there has been little research done on 
the insect diversity in these environments.

The aim of the Building Better Biodiversity on Cropping 
Farms project was to design and demonstrate that 
tailor-made on-farm durable habitats using perennial 
plants can support and enhance beneficial insect 
populations (pollinators and natural enemies), without 
creating reservoirs of pest species. 

Methodology 
The plants chosen for the project plantings were 
selected from a list of native plant species that were 
known to be unlikely to harbour arable pests (Table 
1). The plants on the list are also prioritised for their 
associations with pollinators and natural enemies of 
pest species. 

Insect associations are not the only factor to consider 
when planning a planting, it is also important to 
consider the long term sustainability of the planting 
and its ongoing maintenance. These factors can 
be optimised by careful planning and plant choice. 
With this in mind, additional plant species were 
recommended by Stephen Brailsford (Forest and 
Restoration Consultant) to provide a selection of plants 
with different heights and canopy characteristics. 
A successful planting with a multi-layered, closed 

canopy is easier to maintain and has more resilience 
to impacts from the weather such as wind, frost and 
snow and drought. Weed management becomes 
easier as the plants grow and the canopy closes.

The Building Better Biodiversity sites were planted in 
the spring of 2013 and insect monitoring started in 
summer 2013. 

In the first year of the project Plant & Food Research 
entomologists established monitoring sites in the 
field margins on Canterbury and Wairarapa farms. 
A variety of sites were included to establish how the 
different plants within the field margins on the farm 
might influence the abundance and diversity of both 
beneficial and pest insects species. The mixed field 
margins sites included:

• Bare fence lines, recently sprayed with herbicides.

• Fence lines with grasses and weed species. 

• Macrocarpa and pine hedges and shelter belts. 

In the second and third years sites within the newly 
established Trees for Bees and Better Biodiversity 
plantings were included in the monitoring programme. 

Window intercept and pitfall traps were set up in the 
monitoring sites (Figures 13 and 14). The trapped 
insects were identified and classified as being either 
beneficial or pest species.

The differences in plant size between Biodiversity and 
Trees for Bees plants in December 2013, when plants 
in the latter site had been in the ground for more than 
a year, and more recently in March 2015, are shown in 
Figure 9.

At each monitoring site two window intercept traps, 
two yellow sticky traps (Year 1 only) and two of the five 
pitfall traps were set up in proximity to one another. 
The remaining three pitfall traps were placed 3-5 m 
apart between the two window traps. 
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Figure 9 and 10. The Building Better Biodiversity site on a Canterbury farm in December 2013 (left) and again in 
December 2016 (right).

Figure 11 and 12. The Trees for Bees site on a Canterbury farm at just over a year old in December 2013 (left), 
planted in October 2012, and in March 2015 (right). 

Figure 13. Pitfall trap. Figure 14. Intercept trap.
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The traps were set up at the field margins over 
sampling periods in spring (Year 1 only), summer 
(December), autumn (March) and winter (June-July). 
Traps were left out for 1-3 weeks during each sample 
period, except for on a couple of farms over the winter 
sampling periods, where traps were left out for 5-6 
weeks because of difficulty in accessing them over this 
period. 

The species and abundance of all arable pests, 
pollinators and natural enemies of arable pests were 
recorded. Entomologists use a calculation called 
Simpson’s Diversity Index to assess the relative 
abundance of the different species they have found in 
their study.

Simpson’s Diversity Index = 1/D

Where D = Σn(n - 1)/T(T - 1)

And T = the total number of organisms of all species 
and n = the total number of organisms of a particular 
species. 

We needn’t be too concerned about the mathematics 
but the important thing to remember is that the closer 
the Simpson’s diversity indices are to zero, the fewer 
the species in the collection sample and the less even 
the spread (i.e. one or a few species dominate).

Results
Year 1
In the three margin types (bare fence lines, pine/
macrocarpa windbreaks and sites with more plant 
diversity) the abundance and diversity of beneficial 
insects and arthropods did not differ substantially. 
Consequently, in Years 2 and 3, the project team 
decided to monitor beneficial insect populations in the 
Trees for Bees plantings instead of the existing mixed 
plantings. 

Year 2
Paired comparisons of the insect numbers and 
diversity of species were made between the planted 
Better Biodiversity and Trees for Bees sites and 
adjacent bare fence lines. Using the insect numbers 
from the traps, average Simpson’s reciprocal indices 
(1/D), total number of species and total number of 
individuals for all species were calculated.

The results are presented in Table 2.

In the first 2 years (summer 2013-14 to autumn 2015) 
beneficial insects were monitored at 7 bare fence, 
4 biodiversity and 2 Trees for Bees sites across 4 
farms. Over the remaining 2 years (summer 2015-16 to 
summer 2016-17) beneficial insects were monitored at 
4 bare fence and 3 biodiversity sites across two farms. 

The Simpson’s reciprocal indices varied between 
seasons and across years, with the highest more 
commonly recorded in summer, followed by autumn 
sampling, then winter (Table 2). 

Indices generally increased within the biodiversity sites 
over time with the latest sample periods (autumn 2016, 
summer 2016-17) resulting in indices at biodiversity 
sites nearly double those at the bare fence sites (Table 
2). This means that there was greater diversity and one 
or few species were less likely to dominate. Beneficial 
insect abundance and evenness at the Trees for 
Bees sites were less than at the biodiversity and bare 
fence sites.

The insect pollinating species which were more 
abundant at the Biodiversity sites compared to the 
bare fence sites included; honeybees, bumblebees, 
the native bee, Leioproctus fulvescens, three-spotted 
fly, march fly, green soldier fly, orange and black 
hoverflies (larvae of hoverflies are predators), and 
European blue blowfly. 

A few insect pollinators including the native bee, 
Lassiglossum sordidum, the striped thorax fly, and 
morning/evening fly were more abundant along the 
bare fence sites. 

The insect predators found in greater abundance 
at the Biodiversity site included brown lacewings, 
earwigs, carabids (ground beetles) and harvestmen 
spiders, while along the bare fences, other spiders 
were more abundant. Several natural enemies had 
similar abundance along both biodiversity and bare 
fences throughout the years, including ladybirds, rove 
beetles, and parasitic wasps. 

During the sampling periods of summer 2014 and 
autumn 2015 which included the Trees for Bees 
sites, more native bees (Leioproctus fulvescens), 
bumblebees (Bombus terrestris), march flies, 
brown blowflies, bronze thorax flies, ladybirds and 
harvestmen were caught in traps at the Biodiversity 
sites than the Trees for Bees sites.

Unfortunately, some pest species were also caught 
in the traps. Those that were abundant enough for 
comparisons to be made were the wheat bug, Nysius 
huttoni, the Hessian fly, slugs and the grass grub, 
Costelytra zealandica. All pest species were noticeably 
more abundant in traps at the Trees for Bees and bare 
fence line sites than at the Biodiversity sites, except for 
grass grub in the last summer of monitoring (2016-17), 
where, at one farm, more grass grubs were caught in 
the Biodiversity site traps than in the bare fence sites. 

The overall results to date show that the abundance 
of key beneficial insects can be increased on a farm 
through the establishment of plant species chosen to 
provide habitats for these insects.

The diversity of insects found at the monitoring sites is 
summarised in Table 3. 
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Table 2. The Simpson′s reciprocal index (1/D), total number of different beneficial species (pollinating bees and 
flies, generalist natural enemies, n = 29 species/orders) and sum of all individuals of all species/orders caught 
in traps (intercept and pitfall traps combined) for the different field boundaries and sample periods across the 
Canterbury farms.

Sample period Measurement Bare fence sites Building Better 
Biodiversity sites

Trees for Bees 
sites

Summer 2013-14 1/D 5.9 5.3 5.3
Total species 25 26 24
Sum of all individuals 3692 3741 3441

Autumn 2014 1/D 5.6 4.3 3.3
Total species 26 22 22
Sum of all individuals 7186 5203 3754

Winter 2014 1/D 4.3 3.9 3.0
Total species 16 18 15
Sum of all individuals 930 916 851

Summer 2014-15 1/D 8.7 9.6 6.7
Total species 26 24 24
Sum of all individuals 1744 2196 1663

Autumn 2015 1/D 5.1 5.3 4.0
Total species 26 25 22
Sum of all individuals 4768 3357 1942

Summer 2015-16 1/D 6.5 4.8 -
Total species 23 22 -
Sum of all individuals 1477 1900 -

Autumn 2016 1/D 1.9 2.9 -
Total species 22 22 -
Sum of all individuals 5605 3313 -

Summer 2016-17 1/D 3.9 7.6 -
Total species 22 23 -
Sum of all individuals 1211 3422 -

Figure 16. Carabid beetle.

Figure 15. Adult lacewing.
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Scientific name Common name 
Pollinating bees
Apis mellifera L. Honey bee 
Bombus terrestris L.
*B. ruderatus (Fab.) or B. hortorum (L.) *Other bumblebees 
Lasioglossum sordidum (Smith) Lasioglossum 
Leioproctus spp.
Leioproctus fulvescens (Smith)
Pollinating flies
Calliphora vicina Robineau-Desvoidy European blue blowfly 
Lucilia sericata (Meigen) European green blowfly 
*Calliphora stygia *Brown blowfly
*Calliphora quadrimaculata (Swedarius) *New Zealand blue blowfly 
Pollenia pseudorudis Rognes Bronze thorax fly or cluster fly 
*Hydrotaea rostrata Robineau-Desvoidy *Blue muscid 
Delia platura (Meigen) Seedcorn fly or morning-evening fly 
Anthomyia punctipennis (Weideman) Three-spotted fly 
Oxysarcodexia varia (Walker) Striped thorax fly 
Odontomyia sp. Green soldier fly 
Dilophus nigrostigma (Walker) March fly 
Eristalis tenax (Linnaeus) Drone fly 
*Helophilus hochstetteri Nowicki *Blue hoverfly 
**Melangyna novaezelandiae (Macquart) **Black or dark hoverfly
**Melanostoma fasciatum (Macquart) **Orange hoverfly
Natural enemies (predators, primary parasitoids)
Micromus tasmaniae (Walker) Brown lacewing 
Forficula auricularia L. Common or European earwig 
Carabidae Ground beetles 
Staphylinidae Rove beetles 
Coccinellidae Ladybirds 
Hymenoptera Parasitic wasps
Araneae Spiders 
Phalangiidae Harvestmen 
Pests
Limacidae Slugs 
Costelytra zealandica (White) Grass grub 
*Elateridae *Wireworms 
Nysius huttoni (White) Wheat bug 
*Mayetiola destructor (Say) *Hessian fly 

Table 3. Insect species collected at the monitoring sites.

* Species that were only rarely found.
** Nymphs are predators of aphids and other sessile, soft-bodied invertebrates, while adults are pollinators.



4. Biodiversity Plantings
How to plan, install and maintain 
a useful planting of natives.
By Stephen Brailsford, Forest and Restoration Consultant
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It’s great working with cropping farmers as I get to 
work with some of the best soils around, soils that 
once supported our most complex and bio-diverse 
forests. 

The biodiversity plantings in this project aim to 
introduce a selection of these plants back onto the 
working landscape to aid crop production. The 
objective was to select a bunch of natives that will 
provide habitat for beneficial insects, plant them into 
strategic locations on the farm and support them to 
develop into productive bio-diverse environments. For 
success, they will have to fit into the workings of the 

farm and not grow to become a nuisance by interfering 
with irrigators and other farm infrastructure. Over time 
they may also provide some shelter and shade for 
stock and waterways and add aesthetic value to the 
farm landscape. 

In reality, a biodiversity planting is just another crop 
and the same principles and practices used for a 
farm crop can be applied for establishing a planting. 
However, there is one major difference; the objective 
for this “crop” is to combine multiple species with 
widely different growth habits to develop a sustainable 
planting that will endure for a long period of time. So a 

Table 4. A plant list for one of the 2013 Canterbury sites is provided as an example. 

Canopy plants - tall trees Scientific name Sub-canopy plants - small trees and large shrubs
Cordyline australis Ti kouka/cabbage tree Priority species
Kunzea ericoides Kanuka Leptospermum scoparium Manuka
Sophora microphylla Kowhai Pittosporum eugenioides Tarata/lemonwood

Total canopy plants Pittopsorum tenuifolium Kohuhu/matipo
Understory and edge plants Second priority species
Priority species Carpodetus serratus Marble leaf
Carmichaelia australis Native broom Corokia cotoneaster Corokia
Hebe salicifolia Koromiko Hoheria angustifolia Narrowleaved houhere
Ozothamnus leptophyllus Cottonwood Lophomyrtus obcordata NZ myrtle/rohutu
Phormium tenax Harakeke/flax Third priority species
Second priority species Coprosma intertexta Mikimiki
Muehlenbeckia astonii Rare shrub pohuehue Coprosma lucida Karamu
Olearia adenicarpa Plains olearia Coprosma robusta Karamu
Discaria toumatou Matagouri Griselinia littoralis Broadleaf
Third priority species Olearia paniculata Golden akeake
Olearia fragrantissima Fragrant olearia Plagianthus regius Manatu/ribbonwood
Pseudowintera colorata Pepper tree/horopito Pseudopanax crassifolius Lancewood/horoeka
Coprosma crassifolia Thick-leaved mikimiki Pseudopanax arboreus Five finger
Coprosma propinqua Mikimiki Total subcanopy plants
Coprosma rotundifolia Mikimiki
Coprosma rubra Mikimiki
Coprosma virescens Mikimiki
Teucridium parvifolium NZ verbena
Total understory and edge plants

Key points:
•	 A	successful	and	sustainable	biodiversity	planting	begins	with	careful	planning	which	includes	site	

and	plant	selection.	

•	 There	 are	 costs	 involved	 in	 developing	 a	 low-maintenance,	 attractive	 and	 enduring	 biodiversity	
planting.	A	landscape	design	consultant	at	the	planning	stage	is	a	good	investment.	

•	 The	survival	expectation	for	a	planting	with	good	restoration	grade	seedlings,	of	the	right	species	
which	are	well	maintained	is	greater	than	95%.	The	plants	will	provide	habitats	for	beneficial	insects	
within	2-3	years.

•	 Competition	from	weeds	for	water	and	nutrients	 is	the	main	reason	for	poor	establishment	 in	the	
first	two	years.	
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degree of complexity is involved that will benefit from 
some technical input. To our aid is a wide range of 
native plants that have evolved over millions of years to 
grow in your environment. 

The process is as follows:

1. Consider your site’s soils and climatic conditions. 

2. Choose an appropriate combination of native 
plants known to harbour beneficial insects. 

3. Arrange them so that they will develop and endure 
together.

4. Plant and maintain them until they are self-supporting.

Plant selection
Start first with colonising species that are known to 
harbour beneficial insects. These are the tough plants 
that can be expected to establish at a given site in the 
initial stages of an installation. Divide these into plant 
groups based on their mature height, i.e. canopy, sub-
canopy and understory and edge species to provide 
the three vertical levels of the installation. Plan their 
layout so that they are evenly arranged throughout the 

site. This will ensure that as they mature the different 
plant groups in combination will be holding foliage 
throughout the vertical extent of the planting. A typical 
arrangement is 15% canopy plants, 45% sub-canopy 
and 40% understory and edge plants, but this can vary 
depending on the species composition and purpose 
of the installation.

In the past, many native plantings have been installed 
with a dominance of tree forming plants and a very 
low level of shrub forming understory species. As 
these tree-dominated installations mature they lose 
their lower foliage forming a weedy and drafty bottom. 
The installation of the shade tolerant understory/edge 
species will go a long way to maintaining much needed 
low shelter and ground cover.

The 2013 Sustainable Farming Fund, Better Biodiversity 
project developed a list of native plants with known 
associations with beneficial insects. It includes species 
like kanuka, manuka and pittosporum that provide 
spectacular habitats for beneficial insects. For other 
species there is little information about associated 
beneficial insects and some, like Coprosma propinqua, 
are known to provide poor habitats. 

Canopy species (15%)

Subcanopy species (45%)

Understory species and edge species (40%)

5 meters

Figure 17. Schematic of the planting plan.
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To maintain the integrity of the installation it is important 
to include some of the lower priority species and not 
just stack it with the high priority ones. To these ends 
the plant lists for the farm plantings were prepared 
with regards to the species priority.

This is a lower Canterbury Plains site on a relatively free 
draining medium to light, silt loam soil that is subject 
to drought over the summer months. The site would 
have originally supported what is known as the “Dry 
Woodland Plant Community”- plants that are drought 
tolerant. However with the opportunity of a degree of 
spill-over from the irrigation system, we were able to 
include some more drought sensitive species in the 
selection.

The site chosen on this farm is a 5 metre wide by 250 
metre long double fenced area to be developed for 
both shelter and biodiversity. 

To these ends the following composition and layout 
was developed to create a bio-shelterbelt.

Site preparation
The principle rule for site preparation is “all weeds 
must be dead before you put the plants in” and it 
is effective to have the site weed-free for as long as 
you can before planting, to make the digging easier. 
Glyphosate and Granstar® is a good spray mix for this 
job. Don’t use residual or hormone sprays as they may 
still be in the soil when you plant and have a detrimental 
effect on the establishment of the seedlings. If the site 
is compacted, rip and cultivate it. Site preparation 
ensures easier planting and better establishment, 
survival and performance in the long term. 

Seedling selection and planting
Select restoration grade seedlings that are well grown 
with good stem diameters. These plants are typically 
25-35 cm tall and have been grown for one season. 
They should be well hardened-off and not covered in 
soft new growth. Avoid tall, weedy seedlings and those 
that are tired and pot-bound from the bargain bin. 

On colder, inland sites plan to plant out after the bulk 
of the winter frosts have passed, milder coastal sites 
can be planted in the autumn. Wherever possible, 
source seedlings that have been grown from seed 
collected from wild plants within the geographic area 
of your planting. This is known as eco-sourcing. Seed 
collected from plants close to your farm will provide 
seedlings that are also well suited to your farm 
because they have adapted to your local conditions. 
However this is not always possible, so at least ensure 
the seed stock is from an environment that will at least 
withstand the extremes of your environment.

Before the planting day mark the site out with different 
coloured paint dots to aid correct placement of the 
species. 

Plant each seedling with a 20 gram slow release 
fertiliser tablet to aid its establishment and early 
growth and use a CombiGuard© to provide protection 

Figure 18. A newly planted out bio-shelterbelt on a 
Canterbury cropping farm installed in September 
2013. The newly installed seedlings are protected by 
CombiGuards©.

Figure 19. 24 months after planting.

and to help with the site maintenance during the 
establishment phase.

Maintenance
Just like any farm crop a native installation needs 
weed control. It is good to keep the sites weed-free 
for three years to give the seedlings a good chance to 
establish. This requires 3-5 maintenance sprays a year 
with a mixture of Glyphosate and Granstar® and the 
addition of red Envirodye to help keep track of what 
has been sprayed. A knapsack with low drift, even flat 
fan Teejet nozzles is efficient. Get onto the spraying as 
soon as the site starts to green up, before the weeds 
get too high. The 300 mm tall CombiGuard© sleeves 
shield the lower foliage on the seedlings allowing you 
to spray even in a moderate wind. 

Competition from weeds for water and nutrients is 
the main reason for poor establishment through slow 
seedling growth and mortality. The survival expectation 
for a planting with good restoration grade seedlings, of 
the right species which are well maintained is greater 
than 95%. The plants will be up and hosting beneficial 
insects within 2-3 years.
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The costs and benefits of 
the biodiversity plantings 
at two Canterbury 
properties
The costs and benefits of two of the Better Biodiversity 
plantings have been summarised in tables 5 and 6. 
The farmers who established these plantings had the 
benefit of being involved with the project. However their 
level of commitment to the value of on-farm biodiversity 

and beneficial insects was such that they would have 
planted out their chosen sites, irrespective of this 
project.

Farmers involved in this project employed professional 
help when planning and setting out their plantings. 
This was seen as a low-risk option, given the cost 
associated with the plants, planting and establishment 
management of the site. 

The additional value of employing a professional was 
in their skill in planning the plant placement to achieve 
a canopy which prevents weed establishment and 

Activity Resource Unit Cost Total Cost 
Site preparation: cultivation and weed control Farmer $200
Site inspection, consultation, plan preparation and 
develop layout design

Consultant + Farmer $1,500

Co-ordination with the nursery, confirm seedling and 
resource requirements

Consultant $250

Restoration grade seedlings (T7 and RX90 grades) 1000 $3.35 $3,350
Mark out the site and planting positions 1000 $0.30 $300
Fertiliser tablets 2 x 10 grams (20 grams/plant) 1000 $1.20 $1,200
Purchase CombiGuards© 1000 $0.45 $450
Pickup and transport seedlings Consultant $350
Layout seedlings to follow planting plan 1000 $0.45 $450
Plant seedlings and install fertiliser tablets 1000 $1.65 $1,650
Install CombiGuards© 1000 $1.40 $1,400
Provide establishment and survival reporting Consultant $500
Total Establishment costs $11,600

Post Establishment Activities and costs 
Irrigation: installation of drip line and ongoing water cost Cost depends on the type of irrigation used and the 

water cost
Spraying in first three years (6 hours labour, 5 times/year 
+ chemical cost)

$2,250 t

Removing CombiGuards© $200
Replacement trees + replanting costs Depends on number of trees to be replaced
Pruning and trimming Depends on the size of the job

Establishment costs
Table 6. Establishment and maintenance costs.

Reasons for planting
Table 5. Reasons to consider biodiversity plantings.

Farm 1 
Irrigation pond bank

Farm 2 
Hedgerow for shelter

• Build beneficial predatory insect population
• Build native pollinating insect population
• Provide extra feed for hired bees
• Aesthetic value
• Support native bird populations

• Build beneficial predatory insect population
• Build native pollinating insect population
• Provide extra feed for hired bees
• Aesthetic value
• Bridge rural urban divide
• Busy road, screen operations
• Shelter for livestock
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plant selection to meet the particular requirements 
associated with the climate, soils and availability of 
water on the site.

Note the cost of establishing a planting is dependent 
on the amount of time an individual farmer is prepared 
to spend on the project and cost savings can be 
achieved by:

• Growing all the plants for the planting on farm.

• Undertaking all the planning for the site.

• Managing the site preparation, planting and 
ongoing maintenance of the site. 

Benefits – Economic or otherwise 
– from the biodiversity plantings, 
including the Trees for Bees 
plantings (as reported by the 
contributing farmers). 
In general, an on-farm biodiversity planting has benefits 
for both the farm and the community, especially if 
the planting is established to enhance and protect 
natural habitats for a range of species. These areas 
may include riparian plantings alongside wetlands and 
streams or in areas of the farm that have an erosion 
risk and are not highly productive for cropping and 
stock. 

The financial benefit to the farm and the community 
of small biodiversity projects is difficult to quantify, but 
collectively their value is related to the values placed 
on preservation of the landscape and the diversity 
found in a range of eco-systems. 

The financial benefit of individual biodiversity plantings 
within this project are unknown.

The participating farmers have reported the following 
individual benefits:

• Improved pollination of seed crops and less 
reliance on imported hives: 4 hives/ha @ $60/hive. 
As the plantings mature, the expectation is that this 
benefit will increase. 

• Better pollination of clover in pastures, increasing its 
persistence and reducing the reliance on inorganic 
nitrogen applications to promote pasture growth. 

• More diversity in pollinator species: bumble bees, 
native bees and a number of fly species reduces 
the reliance on imported hives.

• Initial insect monitoring reports that beneficial 
insects are present in higher numbers in the 
biodiversity plantings than in surrounding bare 
fence lines. Commitment to and maintenance of 
the beneficial insect populations to support an IPM 
system requires the use of higher cost chemicals 
such as Pirimor® and Transform®. These are ~20% 
more expensive than Karate.

• The additional benefits from using softer chemicals 
for IPM become evident later in the season with 
reduced pest pressure in brassica seed crops and 
the need for fewer pesticide applications.

• Provides habitats for slug predators reducing the 
reliance on molluscicides for controlling slugs in 
establishing crops.

• Visually better than a pine hedge and requires less 
maintenance and trimming. 

• Provides shelter for stock and crops.

• A riparian biodiversity planting excludes stock 
from the stream – however there is an initial 
establishment cost associated with fencing off 
the stream to protect the plants as they establish. 
In the long term soil erosion into the stream is 
improved, resulting in better water quality and 
aquatic habitats. 

Aesthetic values
• Provides privacy to the farm and the farm 

operations from a busy road.

• Increases the aesthetics of the property.

• Has an aesthetic value by filling a space on the 
irrigation pond bank that would otherwise be 
wasteland that potentially will bring native birds as 
well as beneficial insects and pollinators.

A Case Study: 
Tregynon Farm
Background
A major problem facing arable seed growers is 
that they are not able to determine how successful 
pollination has been until close to harvest, by which 
time it is too late to do anything about it. Farmers can 
plan for successful pollination but they need to know 
early on in the season how pollination failures can be 
prevented. 

Good seed production is dependent on a good supply 
efficient pollinators and an understanding of which 
pollinators work on which crops. For those crops 
pollinated by honey bees, the best option is to pay for 
pollination services and have hives on the farm when 
the seed crop is flowering. A good strategy for those 
growers that need a supply of bees is to become a 
resident site for a group of hives and to form a good 
working relationship with the apiarist. For this to 
succeed there must be a local supply of pollen and 
nectar to sustain the bees all year round.

The number of bees available for pollination is 
determined months before the bees arrive on farm. 
The most critical times in the apiarist’s calendar 
for preparing the hives are mid-February to May, in 
preparation for winter, followed by the spring build-up 
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from August to mid-November. During these periods 
bees require a diverse and abundant supply of pollen 
as a source of protein for resilience and reproduction. 
If pollen is in short supply bee colonies become 
malnourished, winter survival and spring reproduction 
is compromised and this affects the number and 
strength of bee colonies available for pollination 
services. A shortage of pollen is known as pollen 
dearth.

Tregynon Farm
John Evans and Kai Tegels run a mixed cropping 
farm in Dorie. They grow grains and a wide variety of 
seed crops including; ryegrass, brown top, Chinese-
mustard, hybrid-cabbage, hybrid-beet, edible-
chrysanthemum, corn-salad, radish, spinach, linseed 
and buckwheat. They also have breeding ewes, and 
finish lambs and cattle on the property. Their farm is 
on a shallow Eyre silt loam with 50 mm water holding 
capacity. The annual rainfall is 600 mm.

John and Kai have a keen interest in the benefits that 
biodiversity can bring to their farm and established 
a Trees for Bees planting in 2012, followed by a 
Better Biodiversity planting in 2013. The plantings 
were established on the bare banks of their newly 
constructed irrigation pond.

The irrigation pond site
John had recently built the irrigation pond close to 
the residential apiary of 20 hives. The bare sides of 
the pond needed planting but were a challenging 
site for any plants, being bare subsoil with little or no 
topsoil and a 1:3 gradient. John and Kai were up for 
the challenge and fully aware that the establishment 
phase would require a commitment to weed 
management and irrigation. Drip irrigation was installed 
in both plantings and the pond was fully fenced to 
exclude stock.

Farmer requirements
John and Kai had a number of requirements for the 
plant selections for their site. A major consideration 
was that the plantings were to endure for a number 
of years without causing problems to the structure 
of the pond and after the establishment phase there 
were no ongoing issues with maintenance. Other 
considerations were:

• A preference for native species.

• No plants that flowered from late November to late 
February, in competition with the seed crops.

• No plants that might spread and become problem 
weeds.

• No high maintenance plants. 

• No tall trees on top of the bank around the pond 
margin.

• No deciduous trees dropping leaves into pond. 

• No plants with aggressive root systems that could 
compromise pond integrity. This eliminated all 
willow species from the bee plant candidate list.

Plant list and planting design 
The designs for the plantings required small trees to 
be planted near the bottom of the slope, furthest away 
from the pond, with taller shrubs in the middle and 
shortest shrubs at the top of the bank. 

The selection of indigenous species for the Better 
Biodiversity planting was drawn from the list on pages 
15-16.

The selection for the Trees for Bees planting was made 
from the Trees for Bees plant list: These plants were 
selected for their suitability for Canterbury conditions 

Number Common name Scientific name
200 Tree lucerne Chamaecytisus palmensis
146 California lilac Ceanothus sp.
58 Kowhai Sophora microphila
50 Plains kowhai Sophora prostrata
5 Grevillea Grevillea victoriea

230 Five finger Pseudopanax arboreus
5 Coastal Banksia Banksia integrifolia

104 Koromiko Hebe salicifolia
83 Laurustinus Viburnum tinus

313 Mexican orange blossom Choisya ternata
313 Rosemary Rosemarinus officinalis R. prostratus
50 Shrubby germander Teucrium fruticans

A total of 1557 plants

Table 7. Trees for Bees plant selection.
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and to provide continuity in pollen supply for the 
residential hives outside of the times when the seed 
crops were flowering.

Both selections were designed to meet John and Kai’s 
requirements and to suit the site characteristics.

The planned Trees for Bees planting complemented 
the bee plants already present on the property. These 
include; gorse, broom, pittosporum sp, wattles, 
eucalypts, cabbage trees and New Zealand flax. There 
is the potential for competition for pollination between 
the cabbage trees and flaxes and many of the seed 
crops because they flower at the same time but this 
risk was out-weighed by the dietary diversity of having 
these plants in the mix.

Planting procedures 
John prepared the site prior to planting with repeated 
herbicide applications of Glyphosate and Granstar® 
over a four month period. The plants were planted by 
hand in October 2012. Each plant was supplied with 
a slow release GroTab® fertiliser tablet and protected 
with a Combiguard®. Irrigation was applied once a 
week during the summer and weeds were controlled 
with herbicides before they became too big.

Results
Early establishment 
John and Kai’s commitment to weed management and 
irrigation during the first two years of establishment 
paid off and most plants survived. 

Kai emphasises that this is the period that requires 
attention to detail. She says

• “It is important to start with good stock – they don’t 
have to be big plants. Small, good quality stock is 
better than something that is old and pot bound 
from the bargain bins.” 

• “Two slow release fertiliser tablets gives the plants 
a good start and that is all that has been needed so 
far. The plants are doing well despite the poor soil!”

• “Weeds are the biggest challenge so don’t let them 
get away.” John and Kai sprayed every month while 
the plants were small and removed CombiGuards© 
as the trees grew out of them. “One disadvantage 
of weed control is that new seedlings are also 
removed, the Koromikos have been prolific in 
producing seedlings”.

In the Trees for Bees site most of the plants selected 
had been propagated from cuttings, short-cutting the 
time it takes for the plants to begin flowering. Four 
months after planting, flowering began, first with the 
California Lilacs, Koromikos and Rosemary followed 
6 months later by the laurustinus and Tree Lucerne. 
Honey bees were quick to visit the site.

After canopy closure
As the plants mature and the canopy closes over, weed 
control becomes less important. Kai says that, 4 years 
on, they have been able to stop herbicide spraying in 
the Trees for Bees planting but still need to keep an eye 
on weeds in the Building Better Biodiversity site where 
the plants are a year younger and slower growing.

Kai and John admit that these biodiversity plantings 
have been hard work, requiring attention to detail 
during their establishment phases. However, they 
say they are a “good thing for the farm”. As well as 
the aesthetic value, they provide habitats for a range of 
beneficial insects and in the long term will support the 
nutritional requirements for the bees in their resident 
hives. 

For more information on the Trees for Bees plantings 
see www.treesforbeesnz.org, www.facebook.com/
treesforbeesnz or contact Dr Linda Newstrom-Lloyd 
newstroml@landcareresearch.co.nz 

Figure 20. The variety of plants on the bank of the 
irrigation pond.



5. Biodiversity 
and soil
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releases important nutrients for plant growth including 
nitrogen, phosphorus, potassium sulphur and calcium. 
The resilient organic matter residue left after the initial 
stages of decomposition in soil is called humus. 
It provides numerous functions for soil health and 
productivity improving how much water the soil can 
hold, increasing cations that can be exchanged and 
building greater physical resilience.

Plant roots and soil microbes release the sticky organic 
compounds that bind soil aggregates together. Stable 
soil aggregates (clumps of sand, silt and clay glued 
together by organic matter) protect organic matter, 

Figure 21. Soil in a long term no tillage system.

The soils on your farm are living eco-systems with 
more diversity of life than any other part of the farm. 
Without this diversity the soil would be “dead” and 
unable to supply the services we expect which sustain 
our above ground eco-systems. There are few soil 
processes that are not either directly or indirectly 
mediated by soil organisms. Soil organisms mix and 
aerate soil, fix atmospheric nitrogen, decompose dead 
organic substances, recycle nutrients and play an 
important role in aggregate formation.

The range of organisms in the soil includes;

• Micro-organisms: Organisms that are too small 
for the human eye to see, e.g. bacteria, fungi, 
protozoa and nematodes.

• Mesofauna: Organisms that are 0.1 to 2 mm in size 
including arthropods such as mites and springtails.

• Macro-fauna: Organisms that are bigger than 
2 mm, including earthworms, millipedes, termites 
and the larval stages of many insect species.

Plant roots could also be considered as soil organisms 
because of their symbiotic relationships and 
interactions with other soil components, e.g. nodules 
on legumes and mychorrizal associations. 

How soil biodiversity supports soil 
function
Soil biodiversity supports the maintenance of 
soil fertility and nutrient availability for plants, 
biodegradation processes including the breakdown 
of hazardous waste and control of pests and diseases 
through natural bio control.

Specifically on the arable farm the organisms in the 
soil enhance crop productivity through:

Decomposition of organic matter by fungi and bacteria 

Key points:
•	 Farm	soils	are	living	eco-systems	with	more	diversity	of	life	than	any	other	part	of	the	farm.	All	farms	

should	aim	to	maintain	or	improve	soil	quality.

•	 Soil	organisms	mix	and	aerate	soil,	fix	atmospheric	nitrogen,	decompose	dead	organic	substances,	
recycle	nutrients	and	play	an	important	role	in	aggregate	formation.

•	 Tillage,	grazing	and	irrigation	play	a	part	in	supporting	or	suppressing	biodiversity	through	the	direct	
effect	on	the	soil’s	physical	environment.

•	 At	times	the	soil	biodiversity	may	cause	serious	problems	to	the	farm	system.	Root	pathogens	like	
Take-all,	 Fusarium,	 and	 Rhizoctonia	 and	 insect	 pests,	 like	 grass-grub,	 can	 become	 an	 ongoing	
management	problem	for	farmers.

•	 Precision	agriculture	has	the	potential	to	improve	our	environmental	performance	and	enhance	the	
biodiversity	within	our	soils	through	better	soil	management	practices.

•	 Reduced	tillage	systems	and	retention	of	crop	residues	are	easier	to	manage	with	guidance	and	soil	
and	crop	mapping	provides	insights	into	the	constraints	within	the	system.
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improve water holding capacity and drainage, allow 
deeper root penetration and improves soil resilience so 
that it is less susceptible to erosion and the adverse 
effects of tillage.

Earthworms improve permeability and aeration as 
they move through the soil improving soil porosity and 
water infiltration which can reduce surface water runoff 
and erosion.

Building bio-diverse farm soils 
The soil is a dynamic living resource. Its diversity of 
life depends on the physical environment and most 
organisms have specific requirements to support their 
survival; air, water and a food supply.

Farming practices that manage the soil in a sustainable 
way will promote and protect the soil’s biodiversity. 
For example, practices that build soil organic levels, 
such as the retention of crop residues and the addition 
of composts and manures, support increasing 
populations for many soil organisms because 
organic matter is their essential food source. Their 
consumption of the organic material is an intrinsic part 
of nutrient cycling which supplies nutrients to the crop. 
The carbon-nitrogen ratio of the organic material is 
important as it can affect nitrogen supply to the crop. 
Materials such as maize stover and grain straws have a 
high C:N ratio and the decomposing micro-organisms 
will supplement the nitrogen shortfall by using the soil 
supply. Nitrogen is immobilised from the crop, until it is 
recycled as the microbes, in turn, die and breakdown. 

Tillage, grazing and irrigation play a part in supporting 
or suppressing biodiversity through the direct effect 
on the soil’s physical environment. Over time, reduced 
tillage systems improve the soil structure and its 
water holding capacity, building a more favourable 
environment for a diversity of organisms. Tillage plays 
a part in remediating soil compaction from machinery 
or grazing activities enabling air and water to circulate 
more freely in the soil profile. The difference between 
aerobic and anaerobic environments impacts on the 
supply of nitrogen to the crop. Anaerobic conditions 
where there is no oxygen favour anaerobic organisms 
which denitrify nitrogen compounds causing losses to 
the atmosphere.

Rhizobia are a species of soil bacteria which have a 
specialised relationship with leguminous plants. They 
form nodules on the roots of their host plants wherein, 
the rhizobia change atmospheric nitrogen into a 
form able to be used by the plant. The relationship 
is mutually beneficial; the plant supplies essential 
minerals and energy to the bacteria and benefits from 
the nitrogen the bacteria fix. Nitrogen fixation is an 
energy-intensive process for the plant and if there is 
a readily available source of soil nitrogen, e.g. from 
inorganic fertilisers, this will preferentially be used by 
the plant.

Research carried out by FAR in a two-phased trial in 
Canterbury in 2013 investigated how to optimise the 

use of legumes within an arable rotation. The results 
strongly suggested that applying fertiliser to the 
legumes was not only uneconomical, as it did not 
contribute to seed yield or seed quality, but it was also 
detrimental in that it inhibited the amount of N fixed 
by either legume crop. In addition to the harvestable 
economic component of the legumes, these crops 
fixed N which could be utilised by the next crop in 
the rotation. The wheat crop following the legume 
crop yielded on average 2.8 t/ha more than the one 
following the non-legume control. Nitrogen fertiliser 
applications to the next crop in the rotation may be 
able to be reduced following a legume crop. Soil N 
testing is imperative as the soil supply of N will depend 
on the amount of N being returned to the soil from 
leguminous crop residues, residual soil mineral N 
levels and the mineralisation potential of the soil. 

At times the soil biodiversity may cause serious 
problems to the farm system. Root pathogens like 
Take-all, Fusarium, and Rhizoctonia and insect pests, 
like grass-grub can become an ongoing management 
problem when their host plants are grown within the 
rotation. These pests and diseases are less likely to 
be a problem in healthy soils containing a diversity 
of micro-organisms, some of which may inhibit 
or suppress unwanted plant pests and disease 
pathogens. 

As soil quality is inherently correlated with productivity 
and resilience it is important for all farming enterprises 
to either maintain or improve soil quality over time. As 
part of the FAR soil monitoring programme, important 
soil health parameters will be monitored over time and 
over different phases of the cropping rotation.

Figure 22. Maize strip-tilled into a crimped winter 
cover crop of mixed species.
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The role of precision agriculture in 
supporting soil biodiversity
Precision agriculture is a term covering a wide selection 
of practices using modern technology to assist with 
crop production. It can include and/or enable: 

• Controlled-traffic systems.

• GPS guidance. 

• Inter-row planting. 

• Remote sensing e.g. EM soil mapping.

• Yield mapping. 

• Variable rate fertiliser application. 

• Weed-sensing systems with variable rate and on/
off herbicide application. 

• Crop sensing to assist with nutrient application and 
growth regulator application.

Precision agriculture has the potential to improve 
our environmental performance and enhance the 
biodiversity within our soils through better soil 
management practices.

Reduced tillage systems and retention of crop residues 
are easier to manage with guidance and soil and crop 
mapping provides insights into the constraints within 
the system.

The soil and above ground environment is improved 
and biodiversity is supported when:

• Reduced tillage is adopted. Controlled traffic 
enables wheel tracks to be confined to a small area 
of the soil surface. Compaction and erosion are 
reduced and fuel use is more efficient. 

• Fertiliser and nutrients are applied only as needed, 
in the quantities required and at times of optimum 
efficiency. Wastage from runoff and leaching is 
reduced.

• Herbicides and pesticides are only applied to the 
plants or areas as needed. There is a reduced 
impact on other species in the environment.

• Poorer or less productive soils are not cropped, 
making more areas available for biodiversity 
plantings, trees or specialised pastures to manage 
water tables and deep drainage, and improving the 
water use efficiency for the whole-farm.

Overall, precision agriculture systems result in fewer, 
more targeted inputs, better matching of crop and 
soil capability and provide opportunities to build 
healthy soils and reduce energy use and greenhouse 
gas emissions.



6. Going forward
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In order to encourage an interest in biodiversity 
plantings on more arable farms and on other farm 
types, we need to know more about the benefits these 
plantings bring to farming system. 

Monitoring of arthropod activity will continue at the 
Biodiversity sites. This will confirm whether the trend 
of increased abundance and diversity of beneficial 
arthropods continues over time and will ensure that 
we understand the advantages and any potential 
disadvantages that these plant species bring to the 
farm.

The potential for improved pollination and/or pest 
suppression from the population of beneficial species 
will be evaluated. 

On a wider scale it will become important to 
understand how an investment in on-farm biodiversity 
enhancement impacts on a range of ecological 
functions with importance to the farm system and 
wider catchment. These functions may include; weed 
and pest suppression, management of sediment 
and nutrient losses, reducing soil erosion, impact 
on beneficial and detrimental microorganisms, and 
reducing/eliminating pathogen/virus reservoirs. 

Figure 23. Bumble bee on Echium spp.
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