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Highlights
•	 Genetic modification (GM) has been extensively  
	 used in crops for 25 years, but rarely has this  
	 resulted in commercial cultivars of grazed forages.
•	 Genetically modified plants will not solve all  
	 challenges confronting managed grasslands systems  
	 but have the potential to alleviate some, including  
	 those associated with environmental challenges.
•	 Delivery of new genetically modified cultivars  
	 does require consideration of consumer concerns that  
	 include food safety, environmental risks, and genetic  
	 perturbations. 
•	 An issue that needs to be debated and resolved in  
	 NZ is the attitudinal positions taken by processing  
	 and marketing industries associated with products  
	 from pastoral agriculture. This would involve  
	 quantifying the comparative value of organic produce  
	 and the GM free status of the country across different  
	 market segments. 
•	 Inconsistent approaches to regulating GM plants  
	 across different jurisdictions simply creates  
	 confusion. 

Keywords: environment, gene editing, plant breeding, 
regulation, traits

Background
Fundamentally plant breeding is about expanding and 
exploiting the genetic potential of plants (Stoskopf et 
al. 2019). Over time this has included amongst others 
phenotypic selection, mutagenesis, genetic modification 
(GM) and now gene editing (Bowerman et al. 2023). 
In many crop species genetic modification has been 
a valuable option for delivering improved economic 
and environmental outcomes. However, while genetic 
modification has been extensively used to advance 
trait expression in crops, including grazed forages for 
animal feed, for 25 years it has rarely been used in 
commercialised cultivars of grazed grassland species. 
Worldwide, GM technologies have been adopted at 
a faster rate than any other recent crop technology 
(Raman 2017; Scheitrum et al. 2020). Despite the large 
government investment into GM technologies for use 
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in grass and forage plants it has not been used outside of 
containment in New Zealand (Caradus 2008). 
The aim here is to review why New Zealand has 

been slow to use GM technologies as another means 
of providing solutions for the pastoral sector. Traits 
manipulated using a range of genetic modification 
techniques that might have application and benefit in 
grassland systems will be reviewed, and regulatory 
concerns that need to be considered when adopting GM 
forage and pasture plants are discussed. Interestingly, 
70 to 90% of GM crop production globally is used 
for animal feed (Flachowsky et al. 2012; Ritchie and 
Roser 2021). So if animals across the world, including 
those in USA, China and Europe are being fed GM 
crops (Baulcombe et al. 2014) what is the added value 
achieved by New Zealand in maintaining a GM free 
status? Although over a decade old, a useful summary of 
views from a variety of stakeholders is provided by the 
New Zealand Institute of Agricultural and Horticultural 
Science (AgScience 2010). 

Definitions
Genetic modification is defined in New Zealand 
legislation as any organism in which any of the genes 
or other genetic material:
(a)	 have been modified by in vitro techniques; or
(b)	 are inherited or otherwise derived, through 
any number of replications, from any genes or other 
genetic material which has been modified by in vitro 
techniques (New Zealand Legislation 1996).

This definition therefore includes all New Breeding 
Technologies (NBT) (synonymous with the term New 
Genomic Techniques (NGT)) (Parisi and Rodriguez-
Cerezo 2021) which includes:
•	 genome or gene editing to modify DNA at one  
	 or more specific sites using CRISPR, Zinc Finger  
	 Nucleases, TALENs or oligonucleotide-directed  
	 mutagenesis (RSNZ 2016; Sauer et al. 2016;  
	 Songstad et al. 2017; Es et al. 2019; Kumar et al.  
	 2020);
	 - CRISPR Cas (Bezie et al. 2021) delivers three  
	 types of outcomes - gene disruption or deletion  
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	 (SDN1), gene correction or modification (SDN2), or  
	 DNA insertion (SDN3) (Doudna and Charpentier  
	 2014; FAO 2022)
• cisgenesis (transferring a gene from the same or a  
	 closely related species) (Freddy et al. 2022; Hefferon  
	 2022; Koul 2022);
•	 intragenesis (inserting a reorganised regulatory  
	 coding region of a gene from the same species)  
	 (Conner et al. 2007); and
•	 using RNA-directed DNA methylation epigenetic  
	 processes to change the activity of genes without  
	 changing a DNA sequence (Weinhold 2006; Schaart  
	 et al. 2016). 
The word transgenesis describes the process of 
transferring exogenous DNA material or a gene 
(transgene) into an organism in such a way that the 
transgene is able to be passed onto the progeny of that 
organism. 
In New Zealand the legal definition of genetic 
modification does not include:
•	 Phenotypic selection or what we know as  
	 conventional breeding including all mass selection  
	 and recurrent selection methods (Stoskopf et al.  
	 2019);
•	 Interspecific hybridisation (Bowley and Taylor 	 
	 1987);
•	 Polyploidy (Ranney 2006);
•	 Heterotic or F1 breeding breeding systems (Fujimoto  
	 et al. 2018);
•	 Chemical and radiation induced mutagenesis  
	 (Oladosu et al. 2016);
•	 Reverse genetics and breeding (Kumar et al. 2022);  
	 or
•	 Selection of genotypes with desired traits using  
	 genetic and molecular markers (Nadeem et al.  
	 2018).

Manipulation of the genetics of crops and forages, 
mostly without precision or knowledge of genetic 
systems has been operating for millennia, and without 
legal regulation (Caradus 2023). The capability to 
introduce genes of known effect and with genetic 
methods that are increasingly precise and targeted has 
resulted in regulatory systems that has slowed delivery 
of new variation in many territories and most notably 
in New Zealand. 

Challenges confronting grassland agricultural 
systems
Despite the importance of managed grassland systems 
for food production there are challenges in many 
countries concerning their economic, environmental, 
and societal impacts. In addition, climatic events 
and changes, competition for land use, biosecurity 

incursions, energy use efficiency, changing consumer 
preferences, and creation of new added-value food 
products all require grasslands systems to be modified 
using a number of technologies including both 
management and/ or genetic mitigations. 

Genetically modified traits of potential 
benefit for grassland systems
GM plants will not solve all the apparent challenges 
confronting managed grasslands systems, but they have 
the potential to alleviate some. Solutions to some of 
these complex challenges using GM technologies are 
summarised in Table 1. This includes references to 
current work in forages and extrapolating from work 
undertaken in other crops offshore. Globally there 
have been over 800 commercialised GM events with 
13 related to abiotic stress tolerance, 4 for altered 
growth or yield, 361 with herbicide tolerance, 29 with 
improved disease resistance, 310 for improved insect 
resistance, 1 with nematode resistance, 77 for modified 
product quality, and 33 for pollination control (ISAAA 
2022a).
The intended and unintended consequences of GM 

crops and whether concerns are real or not, and if real 
are they manageable has been extensively reviewed 
(Caradus 2022a). The conclusion was “that GM plants 
are a valuable option for delivering improved economic 
and environmental outcomes through providing 
solutions for many of the challenges facing humanity”. 
As an example, a meta-analysis of 147 studies on the 
benefits of food and feed crops determined that the 
adoption of GM technologies has decreased the use of 
chemical pesticides by 37%, increased crop yields by 
22%, and increased farmer profits by 68% (Klümper 
and Qaim 2014).

Consumer concerns 
The delivery of any new GM cultivar requires 
consideration of consumer concerns (Kendall et al. 
1997; Caradus 2022a). These include: 
1.	Food safety. The consumption of any new foods or 
foods from GM crops either by animals or humans 
should be effectively and thoroughly tested for their 
impact on health and welfare. Many non-GM crops 
also contain potentially toxic or allergenic compounds 
(e.g., allergies to many plant pollens). Because the 
risks associated with GM crops are readily quantified 
and monitored as part of the rigorous assessment 
system that goes beyond that applied to non-GM 
derived foods it has been argued that food from GM 
crops are as safe, or safer, than food derived from 
non-GM crops, (Halford and Shewry 2000).
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Table 1 	 Examples of the application of GM technologies towards providing solutions to either issues currently facing the New 
Zealand pastoral sector, or opportunities that deliver a competitive advantage. Refer also Kumar et al. 2020. 

Issue Solution or trait Plant species Current situation Country or  
region

Reference

Greenhouse 
gas emissions 
mitigation, and 
freshwater quality

Expression 
of condensed 
tannins (CT)

White clover  
(Trifolium repens)

In vitro proof of concept 
achieved; breeding 
for yield improvement 
with CT expression; 
field trials in USA and 
underway in Australia

New Zealand and 
Australia

Caradus et al. 
2022c; Roldan et 
al. 2022

High  
metabolisable 
energy ryegrass

Perennial ryegrass 
(Lolium perenne)

Field trials in USA New Zealand Winichayakul 
et al. 2020; 
Beechey-Gradwell 
et al. 2022

Animal health 
and welfare

Gene editing of 
alkaloid pathways 

Epichloë fungal 
mutualist

Achieved and working 
towards agronomy 
trials in Australia

New Zealand and 
Australia

Miller et al. 2022

Drought  
tolerance

Improved water 
use efficiency

Maize (Zea mays) Commercialised USA Chang et al. 2014; 
ISAAA 2016

Disease  
resistance

Alfalfa mosaic 
virus resistance

White clover Not commercialised Australia Panter et al. 2012

Bean
golden mosaic  
virus resistance

Bean (Phaseolus 
vulgaris)

Commercialised Brazil Faria et al. 2006

White clover  
mosaic  
resistance

White clover Not commercialised New Zealand Voisey et al. 2001

Improved  
nutritional quality

Lignan  
modification

Lucerne (Medicago 
sativa)

Commercialised USA Barros et al. 2019

Tall fescue (Festuca 
arundinacea)

Not commercialised USA Chen et al. 2004

Improved amino 
acid balance

Subterranean clover 
(T. subterraneum)

Not commercialised Australia Tabe et al 1997

Pest resistance Control of porina 
(Wiseana spp.) 
by using cry1B 
gene from Bt*. 

White clover Developed but never 
commercialised due to 
regulatory issues

New Zealand Voisey et al. 1994

30 pests 
controlled by 
Bt* transformed 
crops

Range of crops Some commercialised Latin America Blanco et al. 2016

Control of the 
European maize 
borer

Maize Commercialised USA Hutchison et al. 
2010

Control of maize 
rootworms  
(Diabrotica spp.)

Maize Commercialised Meta-analysis of 
10 studies

Pellegrino et al. 
2018

* Bt is Bacillus thuringiensis
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2.	Environmental risks, which have been described as 
increased herbicide tolerance of weeds, overuse of 
herbicides and pesticides, secondary pests becoming 
more dominant, impacts on non-target organisms, 
resistant insect populations, increased weediness, 
negative impacts on biodiversity, transgene escape 
into wild or non-GM populations, negative impacts 
on rhizosphere microorganism, and/ or gene transfer 
to consumers from GM food and feed. 

3.	Genetic perturbations leading to production of 
unintended compounds, new disease, or antibiotic 
resistance resulting from horizontal gene flow. 

However, after 20 years of GM crop use most of the 
risks associated with the use of GM crops have proven 
to be low to non-existent (Vega Rodríguez et al. 2022). 
In USA, GM crops have been used for either animal 
feed or human food for over 25 years with no proven 
recorded cases of health-related issues (Nicolia et al. 
2014; Abdul Aziz et al. 2022).
Consumer concerns about using GM crops and 

forages in New Zealand has been reviewed (Caradus 
2022b). It concludes that “while there will always be 
a proportion of consumers against the use of GM in 
food production, the published evidence would suggest 
that the use of GM plants in New Zealand for food 
production will have no long-term deleterious effects 
in overseas markets”. Current attitudes towards gene 
editing and GM crops in New Zealand have been 
provided by two public surveys by Research First 
(2022, 2023). These have shown that 72% either support 
or are neutral for consuming GM foods if they contain 
less pesticide and better nutrition, and that 79% either 
support or are neutral for gene editing food production 
in New Zealand.

Industry concerns
Perhaps one of the bigger and more complex issues are 
the benefits versus the risks of using GM technologies 
in New Zealand. This requires debate and resolution 
across the primary sector processing, marketing, and 
exporting industries. There is a view that “use of GM 
grasses is likely to encounter strong resistance from 
some markets overseas as well as within New Zealand” 
(Reisinger et al. 2018). 
So the question is – would market access be an 

issue for milk and meat products from animals fed 
GM forages? New Zealand’s major market are China, 
Australia, USA, Japan and collectively the European 
Union. Their regulatory systems and use of GM crops 
is summarised in Table 2. An additional concern 
might be how animals fed GM forages may affect the 
general national and international view of “NZ clean 
and green” image and any associated risk to other type 
of industry important for New Zealand economy (i.e., 
side effects), e.g., tourism? A recent survey of New 

Zealanders (Research First 2023) indicated that 39% 
believe that introducing GM food production to NZ 
would have a positive impact, or no impact, on New 
Zealand’s image; with 39% believing there would be 
some impact and 23% a very negative impact. A decade 
old survey of first-time visitors to New Zealand found 
that the introduction of GM crops into New Zealand was 
highly unlikely to create lasting damage to perceptions 
in overseas markets of the image of New Zealand as 
a source of high-quality food products or as a highly 
desirable scenic and “clean green” tourist destination 
(Knight et al. 2013).
China, New Zealand’s biggest market, imports 44% 

of dairy, 90% of logs, and 41% of meat exported by 
New Zealand (Xinhua 2021). China is also Australia’s 
major export market for meat, wine, wool, fruit and 
nuts, seafood, and grains, and dairy, despite Australia 
permitting the production of some GM crops (Ishii and 
Araki 2017), buying more of Australia’s agricultural 
produce than any other country (Department of Foreign 
Affairs and Trade 2018). Additionally, China itself has 
the sixth highest area, of 28 countries known to grow 
GM crops, under commercial cultivation of GM crops 
(Ishii and Araki 2017).
If New Zealand grew and used GM forages in pastoral 

agriculture would market opportunities be lost? As a 
comparative example “when Canada introduced GM 
canola, it lost access to the EU market for its canola 
seed. However, Canada has found ready markets for 
its increased canola supplies elsewhere, particularly 
in Mexico, the United States, Pakistan, and China” 
(DAFF 2007). Additionally, evidence does not support 
the view that South Australian farmers enjoy better 
access in European Union non-GM grain markets, 
and since 2012 there has been no premium for grain 
from South Australia despite it (up until recently) being 
the only mainland state with a GM crop moratorium 
(Anderson 2019).
Europe is also an important market from New 

Zealand, and Europe has a very restrictive regulatory 
system for GM crops and foods, similar in many ways to 
New Zealand. However, there has been a recent increase 
in lobbying within the European Union to determine if 
the current legislation if fit for purpose (Euobserver 
2021; Albert 2022). Additionally, in Europe most pig, 
chicken and to a lesser extent cattle production relies on 
the importation of 15M tons of soybean meal annually 
from North and South America (Tagliabue 2017; 
Shahbandeh 2022) (90% of which is GM) (Henseler et 
al. 2013; Sieradzki et al. 2021). Notably in 2022 the 
European Food Safety Authority (EFSA) authorised 
herbicide tolerant GM canola, cotton, and soybeans 
crops and renewed the authorization for GM cotton 
used for food and animal feed (Science Business 2021; 
ISAAA 2022b). 
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Table 2	 Regulatory system and use of GM crops by New Zealand’s major export market countries. Refer to Turnbull et al. 2021 
for further information. 

Trading partner Regulatory system GM use Reference

China 17 products - GM soybean, maize, canola, cotton seeds, 
and tomatoes were approved for import if labelled in 2002: 
imports over 6 times more GM soybean than the next highest 
importer, the European Union; second largest GM cotton 
producer in world

Turnbull et al. 2021; 
Shahbandeh 2022; 
Xiao and Kerr 2022

Australia Process based; 
SDN1 gene edits not 
regulated 

3 GM crops grown - cotton, canola, and safflower (Carthamus 
tinctorius).

OGTR 2021; Schmidt 
et al. 2021

USA Product based; 
SDN1 gene edits not 
regulated

Has largest area of GM crops; GM food consumed widely for 
over 25 years

Wolt and Wolf 2018; 
Schmidt et al. 2021

Japan Product based; 
SDN1 gene edits not 
regulated 

While Japan has approved eight types of GM crops for  
commercial use farmers are reluctant to grow them;  
commercial use in ornamental crops

FFTC 2017; Schmidt 
et al.2021; Turnbull 
et al. 2021

European Union Process based; 
Gene editing  
regulated as GM

Restricted use of GM crops but imports large quantities of 
GM feed for animals and has approved growing of some GM 
crops

Henseler et al. 2013; 
ISAAA 2022b

The UK, having exited the European Union, 
has recently passed a law (the Genetic Technology 
(Precision Breeding) Act) allowing key technologies 
which include gene editing to improve UK food security, 
reduce pesticide use, and enhance climate-resilience 
in cropping (DEFRA 2023). This Act provides for a 
new science-based and streamlined regulatory system 
that will be introduced to facilitate greater research 
and innovation in precision breeding, but with stricter 
regulations remaining in place for genetically modified 
organisms.

Regulatory challenges
Science-based risk management and assessment 
regulatory frameworks have been in place to oversee 
commercialisation and use of GM crops since their 
advent (Craig et al. 2008). An extensive review 
(Caradus 2022a) of the intended and unintended 
consequences of GM crops concluded that managing 
potential risks associated with GM crops particular 
focus should include testing for:
1.	Human and animal health and welfare impacts,  
	 including testing for allergenicity (EFSA GMO Panel  
	 2022);
2.	Impacts on beneficial non-target organisms,  
	 principally arthropods (Romeis et al. 2008); and
3.	An awareness of gene flows from GM crops needs to  
	 be also considered and understood.

The recent use of New Breeding Technologies has 
resulted in some countries re-evaluating their regulatory 
processes. Accordingly, nine out of the largest 10 
countries by population have either paved a way or 
stated intentions to open up for easy use of gene edited 
plants in commercial agriculture (Sprink et al. 2022). 
Unlike the European Union and New Zealand many 
countries are now either not regulating or seriously 
considering not regulating SDN1 and in some cases 
SDN2 gene edits as genetically modified organisms 
(Buchholzer and Frommer 2022). 

Coexistence of GM and non-GM crops and 
forages
Coexistence of GM crops with non-GM crops is a 
significant area of contention, and particularly for 
perennial outcrossing plants which includes most of the 
forage and pasture species used in New Zealand. The 
implementation of a coexistence policy is considered 
to have negative impact on farmers’ attitudes towards 
adoption of GM crops (Areal et al. 2011). Managing 
gene flow from an outcrossing species is challenging 
if not impossible. Therefore the focus should be more 
on risk analysis of any likely ‘invasiveness’ of the 
transgenic plants and any ‘mitigation’ options available 
to reduce their impact on natural, as well as agricultural 
systems (Kareiva et al. 1994). Requirements for a 
minimum distance between GM and non-GM crops 
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varies between countries and coexistence strategies for 
outcrossing forages have been reviewed (Christey and 
Woodfield 2001; Smith and Spangenberg 2016). 

Apparent contradictions and inconsistencies
The use of GM food and feeds has often resulted in 
polarised views and can result in the selective use of 
information depending on ones’ views, or simply due 
to an unwillingness to recognise the contradictions 
associated with some views. These include: 
1.	New Zealand food businesses importing and selling 
(with appropriate labelling) about 90 GM foods 
listed on FSANZ website, some since the year 
2000 (FSANZ 2022) – versus - farmers in New 
Zealand being unable to grow any GM crops due to 
regulations legislated under the current HSNO Act 
(New Zealand Legislation 1996).

2.	Primary sector exporters believe that New Zealand’s 
high value markets will not take our products if GM 
crops and forages were fed to animals (RSNZ 2018; 
Hall 2021); a view reflected by governments - “our 
cautious approach is that New Zealand is an exporter 
of billions of dollars of food products and we need 
to be mindful of market perceptions as well as the 
science” (New Zealand Government 2016) – versus 
– most if not all of our major markets either grow or 
import GM crops and forages to feed their animals 
(Table 2) (Caradus 2022b).

3.	GM technologies are patented and result in license 
fees and increased costs (GE free NZ 2023) - versus 
– increased on-farm profitability for those using 
GM crops. A review of economic benefits has 
been provided by Caradus (2022a); one example, a 
survey of 98 peer-reviewed studies that compared 
the economic performance of GM crops to their 
conventional counterparts with 71 indicating a 
positive impact, 11 neutral and 16 negative 
(Carpenter 2010). 

4.	A GM-free status confers a premium in international 
markets – versus – an absence of evidence of a GM-
free status providing any economic benefit, e.g. the 
opportunity cost due to some States in Australia 
delaying adoption of GM canola has been estimated 
to have resulted in foregone output of 1.1 million T 
of canola and a net economic loss to canola farmers 
of AU$485.6 million (Biden et al. 2018). 

5.	Mutagenesis using targeted gene editing is regulated 
in New Zealand – versus – random mutagenesis 
generated using radiation or chemicals is unregulated 
(Caradus 2023).

6.	GM foods are deleterious to human health (Pusztai 
2001, 2002) – versus – after 25 years of human 
consumption of GM foods across many countries 
there have been no proven cases of human health 
and welfare issues of concern attributable to GM 

technologies (Panchin and Tuzhikov 2017).
7.	GM technologies are rejected by environmentalists 
and organic farming groups (Wickson et al. 2016; 
IFOAM Organics international 2021) – versus 
– GM technologies may provide a means to 
reduce environmental impacts from agriculture 
(Purnhagen et al. 2021). There is a view that “in 
light of New Zealand’s ‘clean and green’ branding 
some interviewees thought a continued reluctance 
to allow gene editing that could potentially reduce 
environmental impacts is somewhat incongruous” 
(Davies et al. 2018).

Conclusions
Inconsistent approaches to regulating GM plants 
across different jurisdictions and the situation where 
some countries allow the consumption of GM food but 
do not allow GM plants to be grown simply creates 
unnecessary confusion. New Zealand is a good example, 
where the FSANZ website lists 90 GM food that can 
be imported and sold, with appropriate labelling, 
but none can be grown by New Zealand farmers. 
However, while balancing risk and benefit of any new 
technological advance is important, regulators must 
dispense with process driven regulatory systems for 
more informed and nuanced product-based regulatory 
processes. Ideally, regulatory systems should be based 
on the benefit/ risk of the product not on the process/
technology used to deliver the product (Smyth 2017; 
Turnbull et al. 2021; Gould et al. 2022). 
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