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Abstract Organic farming in its various forms is
seen by many as a sustainable alternative to
conventional farming. This review considers and
compares aspects of soil and environmental quality
associated with organic and conventional farming
systems under New Zealand conditions. The
sustainability parameters considered include soil
quality, nutrient dynamics, nutrient budgets, trace
elements, and pesticides. The review used inform-
ation from appropriate comparative studies
conducted in New Zealand and overseas. However,
because of the shortage of data on nutrient dynamics
under organic systems in New Zealand, we also
used a nutrient balance model (OVERSEER) and a
nitrogen leaching estimation model to assess the
comparative sustainability of typical model
systems. Interpretation of the measured data
coupled with the results of the modelling exercise
suggests that organic farming carried out according
to the Bio-Gro New Zealand production standards
can be sustainable if sufficient amounts of nutrient
are returned to match removal and losses. Bio-
dynamic farming may be unsustainable because
nutrients removed in farm produce are not
adequately replaced. Soil organic matter content and
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biological activity is generally higher under both
types of organic system than under conventional
systems. Trace element availability and use may
limit the sustainability of organic systems if no
attempt is made to address natural deficiencies
common in New Zealand soils. The reduced use of
pesticides may be beneficial for the wider
environment. The main conclusion is that a
concerted research effort is urgently required to
address various soil and environmental quality
issues associated with the large-scale adoption of
organic farming practices in New Zealand.
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INTRODUCTION

This review has been written at a stage of New
Zealand agriculture when farmers using conven-
tional methods (essentially the practices of the last
50 years based on the use of synthetic fertilisers
and agrochemicals to maximise production) are
being challenged on a number of fronts. Plant and
animal breeding methods are being refined by
molecular biology techniques. Farming systems, on
the other hand, are being broadened by a range of
alternatives presented under the "organic" and
"biodynamics" banners. The pace of change has left
many within the agricultural industry grappling with
their future options and attempting to understand
new concepts and definitions in order to make sense
of the debate.

The objective of the paper is, therefore, to
attempt to conduct a comparison of soil and
environmental quality under organic and conven-
tional New Zealand farming systems that will
answer some of the questions about the sustain-
ability of organic farming. Within that context the
integration of scientific data reported from studies
on organic and biodynamic farms has not been easy
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since the practices on such farms are not necessarily
similar. As a result, every attempt has been made to
identify sources of data and so caution the reader
about these differences.

Organic farming is being increasingly promoted
worldwide as a sustainable alternative to conven-
tional farming. Some countries, such as Germany
and France, subsidise their farmers to convert to
organic farming in order to become more sustain-
able. Organic agriculture now represents up to 10%
of the food production systems in Switzerland and
Austria, while in the USA, France, and Japan
organic production is increasing at over 20% per
annum (FAO 1999). Most estimates project annual
increases in the USA market of 15-25% until c.
2005 (Richman 1999).

Organic farming has been defined as "an
approach to farming that seeks to create an
integrated, sustainable and humane agricultural
system" (MAF 1994, p. 2), while MacKerron et al.
(2000, p. 60) considered that "there is no single
definition of 'organic' farming as the term applies
to a movement rather than a single policy". In New
Zealand there has been a dramatic escalation of
organic food production since 1990. Bio-Gro
certified organic licensees have increased from 172
in 1990 to 289 (c. 9000 ha) in 1997 according to a
MAF (1997) report. In addition, two large
corporates, Heinz-Wattie's Australasia Ltd and the
New Zealand Kiwifruit Marketing Board
(NZKMB), have entered the market and pulled a
number of other entities in their wake as they
formed the backbone of an organic food exporting
industry (MAF 1997). More recently, Heinz-
Wattie's Australasia Ltd and Lincoln University

agreed in 1999 to establish an organic production
farm of 58 ha at Lincoln to provide growers with
information that would assist more farm conver-
sions to organics.

Bio-Gro New Zealand was established in 1983
and is the leading organic certification agency in
New Zealand. Bio-Gro New Zealand is an accred-
ited member of the International Federation of
Organic Agriculture Movements (IFOAM) which
is based in Germany. What makes organic farming
unique is that under the Bio-Gro certification
programme synthetic inputs are avoided, or largely
excluded, and an improvement in soil quality
through the use of crop rotations is a central
objective. Fertiliser materials are permitted, but the
Bio-Gro standards (Bio-Gro New Zealand 1998, p.
27) clearly state that "the underlying principle is
that all fertilisers must be worked on by soil or
compost organisms before the nutrients are plant
assimilable". In addition to appropriate composts
and plant materials, nutrients may be added to an
organic system in the form of various minerals and
organic compounds (Table 1).

The key characteristics of organic farming are:
protecting the long-term fertility and quality of the
soil; providing nutrients in natural and organic
fertilisers; nitrogen self-sufficiency through
legumes; weed, disease, and pest control through
crop rotations, natural predators, diversity, organic
manuring, and limited biological and chemical
intervention; extensive management of livestock;
minimising the impact on the wider environment.

Biodynamics is a systems approach whereby the
farm is viewed as a living whole in which the
various farm activities are interrelated. The

Approved forms of sulphur, pelletised with bentonite
Approved fonns of seaweed and fish products with no additions

other than potable water
Liquid brews made from clean material and potable water only
Unrefined, unadulterated rock or sea salt

Table 1 Fertiliser usage under Bio-Gro New Zealand production standards, from Bio-Gro New Zealand (1998).

Permitted fertilisers
Gypsum (calcium sulphate)
Dolomite (magnesium limestone)
Approved forms of elemental sulphur
Glauconite (greensands)
Feldspar
Approved forms of rock phosphate
Limestones
Rock minerals

Restricted fertilisers
Approved forms of trace elements Wood ash from untreated wood
Langbeinite rock (potassium magnesium Rock minerals, e.g., Borax

sulphate) Blood, bone, and feather products, paunch, and dairy whey, if they
Magnesium sulphate (Epsom salts) meet other requirements
Potassium sulphate (regular use may

preclude full Bio-Gro status)


