
Agrochemicals/Pesticides: Companies in the agrochemical sector manufacture 
and sell pesticides used in agriculture. ETC Group uses the word “pesticide” as a 
synonym for “agrochemical.” The words “herbicide,” “insecticide” and “fungicide” 
refer to different types of agrochemical products (weed killers, insect killers and 
chemicals used to destroy fungus, respectively). In the wake of recent mega-merg-
ers, at least five of the leading pesticide companies also dominate the world mar-
ket for commercial seeds and traits. With the commercialization of molecular 
biotechnologies in the mid-1990s (e.g., herbicide-tolerant genetically modified 
plants), the pesticide and seed sectors became inextricably linked. Today they are 
being further linked by Big Data strategies.

Leading Companies by Agrochemical Sales, 2020

Ranking Company /Headquarters Agrochem Sales 
$US millions

% Global  
Market Share 

1. ChemChina + SinoChem1 (China)
pro forma (Syngenta Group)

15, 336 
11, 208
(Syngenta Group) +
4,128 (ADAMA)

24.6

2. Bayer2 (Germany) 9,976 16.0

3. BASF3 (Germany) 7,030 11. 3

4. Corteva4 (USA) 6,461 10.4
TOTAL TOP 4 38,803 62.3

5. UPL5 (India) 4,900 7.9
6. FMC6 (USA) 4,642 7.4

TOTAL TOP 6 48,345 77.6
7. Sumitomo Chemicals7 (Japan) 4,010 6.4
8. Nufarm8 (Australia) 3,491 5.6
9. Jiangsu Yangnon Chemical Co., Ltd.9 (China) 1,413 2. 3

10. Shandong Weifang Rainbow Chemicals Co.,Ltd.10 
(China) 1,048 1.7

TOTAL WORLD MARKET 62,400 100%

Source: ETC Group

Agrochemicals
& commercial seeds
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The global market for agrochemical products was US$62,400 million in 
2020.11 

•	 ChemChina accounts for one-quarter of the global pesticide market 
– a share that is likely to expand rapidly following the 2021 merger of 
ChemChina + SinoChem (see below).

•	 Top 2 global pesticide market = 41%
•	 Top 4 global pesticide market = 62% 
•	 Top 6 global pesticide market  = 78%

Commercial Seeds & Traits: The seed sector refers to 
crop seeds (primarily proprietary field crop and vegeta-
ble seeds) sold via the commercial market and genetical-
ly modified crop traits. However, ETC Group’s definition 
excludes farmer-saved seed and seed supplied by gov-
ernments/public institutions. Despite the astonishing 
level of corporate concentration in the global commercial 
seed sector, the vast majority of the world’s farmers are 
self-provisioning in seeds, and farmer-controlled seed 
networks still account for an estimated 80-90% of seeds 
and planting material globally.12 Over the past 40 years, 
the world’s largest agrochemical firms have used intel-
lectual property laws, mergers and acquisitions (M&As) 
and new technologies to take control of the commercial 
seed sector. Today, pesticides and commercial seeds are 
no longer distinct links of the industrial food chain. How-
ever, ETC Group continues to provide corporate rankings 
and market share for seeds and agrochemicals as sepa-
rate sectors. The ‘pure-play’ seed company (that is, a com-
pany that focuses primarily on seeds) is a rarity among 
the leading companies. Vilmorin (#5) and KWS (#6) are 
exceptions.
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Leading Companies by Seeds & Trait Sales, 2020

Ranking Company /Headquarters
Seeds & Trait 
Sales 
$US millions

% Global Mar-
ket Share

1. Bayer13 (Germany) 10, 286 23
2. Corteva Agriscience14 (USA) 7,756 17

3. ChemChina/ Syngenta15 
(China) 3,193 7

4. BASF16 (Germany) 1,705 4

5. Groupe Limagrain/ Vilmorin & 
Cie17 (France) 1,684 4

6. KWS18 (Germany) 1,494 3
TOTAL TOP 6 26,118 58

7. DLF Seeds19 (Denmark)    1,153 3
8. Sakata Seeds20 (Japan)      648 1.0
9. Kaneko Seeds21 (Japan)      570 1.0

Total World Market 45,000 100

Source: ETC Group

According to Jonathan Shoham, Senior Analyst, IHS Markit, the global mar-
ket for seeds and traits reached $45,000 million in 2020.22 

•	 The top 2 companies control 40% of the global seed market. 
•	 The top 6 companies control 58% of the global seed market.

Trends: chew on this

The global pesticide economy is undergoing tectonic shifts. The 
world’s largest agrochemical/seed firms are racing to fortify their oli-
gopoly power with ongoing consolidation, and feverish investments 
in high tech and digital platform technologies that are designed to ex-
tend their market share. Here ETC examines four, inter-related trends:

•	 SuperSized Consolidation: ChemChina + SinoChem = In-
dustrial Ag’s Newest Input Empire

•	 Post-Patent & Generics Drive Pesticide Proliferation
•	 Big Ag’s Digital Turf Grab
•	 New Techno-Fixes: 1) Gene Editing; 2) RNA Pesticide Sprays 
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Supersized Consolidation: Chemchina + Sinochem = Industrial Ag’s 
Newest Input Empire 
The long-expected merger of SinoChem and ChemChina (both state-
owned) was finalized in early 2021. The colossal Chinese merger creates not 
only the world’s largest chemical conglomerate, but also the leading indus-
trial farm input business (seeds, pesticides and fertilizer assets) — all under 
the umbrella of the newly formed Syngenta Group. As a result of the merger, 
annual sales of the new Syngenta Group (which consolidates all of Chem-
China and SinoChem’s ag input assets), will approach an estimated US$27 
billion.23 The mega-merger is likely to spur even greater industry consolida-
tion both within China and beyond.

In response to a surging demand for food (especially animal protein), a rap-
idly expanding middle class, and a diminishing pool of farm labour (80% of 
China’s population will live in cities by 205024), China is revving up domestic 
food production with a full-throttle embrace of high-tech, industrial agricul-
ture and chemical-intensive inputs.25 With the acquisition of Swiss-based 
Syngenta in 2017, the Chinese state aims to ensure that a greater proportion 
of its industrial farm inputs, agribusiness technologies and intellectual prop-
erty are China-owned and sourced, while simultaneously expanding export 
markets with a global reach.26 

Over the past 20 years, China has become the economic center for global 
pesticide production, use and export.27 Since 2008, Chinese pesticide ex-
ports grew 14% per year. Today, China manufactures more pesticide active 
ingredients than the U.S. or the E.U..28 Chinese companies have traditionally 
focused on cheaper ways to manufacture off-patent ag chemicals, rather than 
invest in costly R&D to develop new active ingredients. But now, China is 
leading on all fronts. In addition to being the world’s leading manu-
facturer of off-patent and generic pesticides, the Chinese state owns 
a multinational ag input powerhouse (Syngenta) with R&D muscle 
and a global presence. 
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China’s Ag Input Empire: The union of SinoChem and ChemChina 
creates the world’s largest industrial chemicals group, with estimated 
revenues of about US$153 billion per annum29 and 200,000 employ-
ees.30 The state-owned conglomerate operates oil and gas exploration 
and production, oil refining, trading and marketing, agricultural in-
puts, chemicals, real estate, and financial services business. Guided 
by its company motto, “in science we trust,”31 SinoChem’s agricul-
ture division focuses on fertilizer (Sinofert Holdings Co.), and seeds 
(China National Seed Group Co.) and a rapidly expanding pesticide 
portfolio.32 SinoChem already owns two national level pesticide R&D 
centers, Shenyang Research Institute of Chemical Industry (SYRICI) 
and Zhejiang Institute.33 In February 2021 Syngenta announced plans 
to build a US$230 million R&D centre in the eastern Chinese city of 
Nanjing that will focus on digital agriculture, chemical pesticides and 
biologicals.34 As a result of the merger, annual sales of the new Syn-
genta Group (which consolidates all of ChemChina and SinoChem’s 
ag input assets), will approach an estimated US$27 billion.35 Follow-
ing a series of mergers and acquisitions, the newly-created Syngenta 
Group is straining under a heavy debt load.36 To raise money, Chem-
China announced plans to sell a 20% stake in Syngenta Group in an 
initial public offering (IPO) on Shanghai’s STAR Market in late 2021,37 
but the IPO was temporarily suspended.38

Post-Patent & Generics Drive Pesticide Proliferation
Among the most significant trends in industrial farm inputs: the meteoric 
rise of off-patent and generic pesticides, especially in the global South.39 The 
explosive growth of generic pesticides was fueled by the expiration of pat-
ents on best-selling pesticides (especially Monsanto’s glyphosate herbicide, 
in 2000).

During the same time period (2000-2020), multinational agrochem giants 
have been slower to develop new active ingredients for proprietary, high-val-
ue chemical products.40 The lag in innovation by multinational agrochem/
seed giants is, in large part, explained by the spiraling costs of bringing a 
new active ingredient to market.41 But economists also note that giant cor-
porations operating in highly concentrated markets may have less incentive 
to innovate and invest in R&D.42 Moreover, with breakthroughs in ag bio-
tech in the late 1980s and 1990s, the agrochem/seed giants pursued a different 
innovation pathway – opting to invest R&D in the genetic engineering of 
proprietary seeds that obliged farmers to buy more of the company’s agro-
chemicals.43 Herbicide tolerance, the trait found in the vast majority of all 
genetically engineered crops worldwide – is a classic “technological lock-in” 
that is designed to entrench chemical dependence in agriculture and amplify 
market power. 
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With adoption of herbicide tolerant crops and massive use of chemical weed-
killers (on both genetically engineered [GE] and non-GE crops), more than 250 
weed species across 70 countries have evolved resistance to at least one herbi-
cide formula,44 leading farmers to spray more frequently or use multiple weed-
killers. Taking just one example: in 1990, U.S. farmers applied an average of 1.8 
herbicide sprays to each acre of corn. By 2018, farmers sprayed 3.4 herbicides, 
on average, per acre of corn.45 In 2021 Bayer introduced XtendFlex soybeans 
that are engineered with triple chemical tolerance (to glufosinate, glyphosate, 
and dicamba herbicides).46 And if that genetic arsenal doesn’t pack a lethal 
punch, Bayer plans to develop six-way herbicide tolerant crops by 2030.47 

Over the past 25 years, as patents on blockbuster proprietary products began 
to expire, more nimble pesticide manufacturers – especially in China and 
India – have created huge markets by churning out cheaper formulations 
of post-patent products. Generic agrochemicals overtook proprietary and 
off-patent pesticides for the first time in 2002, and the cheaper off-patent 
and generic products have dominated the global market ever since.48 By the 
end of 2013, off-patent products accounted for more than 77% of the total 
pesticide market, and that share has continued to grow an average 2% to 3% 
each year.49 Today, China supplies almost half of all herbicide global exports, 
with glyphosate chief among them.50 India’s herbicide exports (largely gly-
phosate) grew 19% per year between 2003 and 2015.51 Notably, the world’s 
fifth largest agrochemical firm, UPL Ltd. (India), derives 71% of its 2021 FY 
revenues from generic pesticides.52 

According to industry analysts, between 2017 and 2023, patents will expire on 
more than 100 agrochemical products – valued at US$11 billion.53 Although 
multinational pesticide giants have been slower to innovate with new active 
ingredients, they’ve managed to bolster their oligopoly market power, in 
part, by reformulating existing active ingredients into “profitable agrochem-
ical cocktails.”54 The multinational giants also rely on negotiating strategic 
licensing deals, including access to registration data, for their products that 
will soon go off-patent.55

The bottom line: In recent years, hundreds of generic manufacturers, es-
pecially in China and India, have produced a global glut of pesticides that 
has helped to drive down the price of many agrochemicals.56 Indiana Uni-
versity professor Annie Shattuck offers a profoundly disturbing but vital as-
sessment of today’s on-the-ground (and in-the-soil) reality: “The structure 
of global trade and underlying transformations in agrarian life have every bit 
as much to do with creating a toxic agriculture as any single corporation. The 
post-millennial global pesticide regime is one in which pesticide use is ubiq-
uitous and its impacts are broadly illegible. As capitalist farming continues to 
expand around the globe, agrichemicals are traveling with it…Agriculture 
is becoming even more dependent on pesticides, not less, especially in the 
Global South.” – Annie Shattuck, 202157
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Bayer’s Remorse Continues: Monsanto may be history, but its leg-
acy of contaminating human health and the environment lives on.58 
Bayer acquired Monsanto for a whopping US$63 billion in 2018, and 
continues to pay the price. Bayer has been forced to commit US$11.6 
billion – plus another US$4.5 billion59 toward future claims – to set-
tle around 125,000 existing claims and lawsuits by users of Roundup 
(generic name: glyphosate) who allege that the Monsanto products 
caused their non-Hodgkin’s lymphoma.60 The tragedy, of course, is 
that due to generic knock-offs, glyphosate exports and use have prolif-
erated throughout the global South. However, numerous local juris-
dictions and countries (e.g., Mexico, Vietnam, Germany) have initiat-
ed plans to restrict, phase out or ban glyphosate products.61

Big Ag’s Digital Turf Grab

The world’s largest agrochemical/seed firms have fortified their market con-
trol via consolidation and mega-mergers; now they are feverishly investing in 
high-tech and digital technologies that can further expand their already-solid 
oligopoly. They are not alone; other corporate titans, sitting atop their own 
sectors – fertilizer giants, ag equipment manufacturers, big tech – are mus-
cling their way into the digital ag arena.

In the past half-decade, the biggest players in global agriculture consolidated to 
produce the Fat Four (Bayer, Corteva Agriscience, Syngenta Group/ChemChi-
na, BASF) amid a dramatic onslaught of digital technologies that invite – almost 
require – cross-sectoral convergence. “Data is the new soil” – now a com-
mon metaphor to suggest digital information’s ubiquitous and foundational role 
– also points to the reality that Big Data is becoming the prerequisite, the milieu 
and the means of producing agricultural commodities. The world’s biggest data 
companies – Apple, Alibaba, Amazon, IBM, Google, Baidu, Microsoft, among 
others – are now tightly entangled with industrial food production. 

The reach of digital food and ag is rapidly expanding to peasant and smallholder 
agriculture in the global South.62 Digital technologies offer new forms of con-
trol and value extraction that threaten to further usurp farmer autonomy and 
decision making while facilitating and expediting a new era of land grabbing.63 
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Big Data down on the farm can include historical as well as real-time 
and predicted weather information and crop yields, commodity mar-
ket information, units of seeds bought and planted, input prices, fertil-
izer dosage, plot measurements and mapping, soil nutrient levels, soil 
carbon levels, crop moisture levels, etc. The data is collected, stored, 
and analyzed with the help of algorithms to make automated on-farm 
decisions that are touted to improve efficiency and increase profitabili-
ty. Driverless car technologies, face recognition technologies, robotics 
and artificial intelligence, machine learning, drone technologies, im-
aging and sensing technologies, cloud computing, blockchain tech-
nologies, mobile apps and more all play a role on the world’s biggest 
industrial farms. 

 
The justifications for using Big Data to advance and ultimately realize “precision 
agriculture” are already familiar and vary little from the arguments pushing for 
the acceptance of GMOs more than a generation ago: we are told that food 
production is inefficient, unpredictable and imprecise and so we must lever-
age newly-available technologies to produce more food more reliably (i.e., in-
crease yields) for a growing global population – without increasing the need 
for land and while reducing negative environmental impacts from agriculture.64 
Data-driven decision-making, it is claimed, will allow farmers to increase yields 
even while reducing herbicide- and fertilizer-use because input-prescriptions 
will be meticulously accurate, down to the level of the field, the row, and even 
the individual plant. These automated prescriptions will, ostensibly, save farm-
ers time, money and labour – and the environment wins, too.

Always More Room for Profit: Critics of Big Ag are rightfully dubious 
that the world’s largest input producers are working hard to find ways to 
sell less product. We can be sure, in any case, the Fat Four won’t sacrifice 
profitability and they will aim to offset reductions in traditional input sales 
– if, indeed, there are any reductions65 – with increased sales of other prod-
ucts, which may include ‘tailored’ or site-specific inputs developed using 
collected, on-farm data. As Mao Feng, chief brand manager for Syngenta 
Group’s MAP (digital agriculture platform in China, see Table below) ex-
plains: “Before, we sold pesticides, seeds and fertiliser. Now we’re a farm 
services company – we sell service and technology…selling individual 
products, we had hit the ceiling, there was no more room.”66 The new busi-
ness model is vertical integration under the rubric of farm management 
services: instead of limiting sales to seed plus a linked-herbicide (Round-
up Ready corn seed and Roundup, for example), seed/pesticide firms are 
now selling (the promise of) high-yielding, weed-free, bug-free fields.67 To 
that end, the products for sale may include data-driven input recommen-
dations by a company-linked consultant/agronomist (increasingly referred 
to as a “trusted advisor”),68 modelling of potential profits based on pre-
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dicted weather plus the application of additional proprietary products, soil 
sampling via in-field sensors and field-scouting via drone on a fee-per-pass 
basis,69 etc. The aim is not to profit, necessarily, from the sale of digital 
tools or app subscriptions – BASF’s xarvio Field Manager app, for exam-
ple, is free to download from the App Store; the aim is to sell data-driven 
farm management services – including traditional inputs – while collecting 
valuable on-farm data. 

Every leading agrochemical company offers its own digital ag platform 
marketed to farmers as a way to transform on-farm data into savings 
that will ultimately increase farm profitability. The Holy Grail, they say, 
is a “farm of one,”70 where a single farmer/data manager (equipped 
with many thumbs, perhaps?) can log on to a connected device, 
watch as the algorithms calculate input prescriptions – based on data 
collected from in-field sensors and hyperspectral imaging – and then 
send those prescriptions to a fleet of contracted drones that will dump 
herbicide, fungicide, fertilizer, growth regulator or other input in a 
just-right dosage for each plant growing in the field. Post harvest, the 
farmer can supposedly sit back and enjoy the profits from increased 
crop sales and reduced labour costs – as well as from payments for 
‘carbon sequestration’ verified by traceability data collected and stored 
on a blockchain. 

However, like varieties of breakfast cereals, there are already a dizzying num-
ber of digital ag platform names, tie-ins, co-branding, giveaways and corpo-
rate partnerships, blurring the lines between owners and partners.71 That lack 
of clarity has added to farmers’ already significant wariness about handing 
over their farm data via digital ag tools.72 In the context of industrial agricul-
ture, farmers know that competing industrial ag peers, market speculators, 
commodity traders, landowners/buyers and input developers could all ben-
efit from access to on-farm data related to soil quality, inputs, weeds, pests 
and yield.73 If Big Ag companies can’t overcome these ‘trust challenges,’ they 
will try to sweeten the pot in other ways (see below). The following table 
presents the biggest seed/agrochemical companies with a sampling from 
their ever-expanding menu of digital ag services.



| 10 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

 Digital Ag Bumper Crop or Data Boosting Product Cross-Fertilization?  
Syngenta Group (ChemChina)

Digital Ag Platform AgriEdge; Cropio (E. Europe); Cropwise (Brazil); Modern Agricultural 
Platform – MAP (China, developed by SinoChem Agriculture, has on- and off-
line components).

Some
Components

Ag Connections (Syngenta subsidiary, farm management software); Farm-
Shots (Syngenta subsidiary, satellite imagery); Land.db (software for data col-
lection, analysis – USA); Cropwise Protector (operations management, data 
analysis) and Cropwise Imagery (satellite remote sensing – both in Brazil); 
MAP Zhinong for field crops and MAP Huinong for cash crops (China); AD-
AMA (part of Syngenta Group) Eagle Eye (drone analytics platform, Agremo 
technology).

Inter-
Operability, 
Collaborations

FarmShots integrated with Sony’s Smart Agricultural Solutions; 
AgriEdge integrated with Nutrien’s Echelon (fertilizer) precision ag tool; 
Land.db integrated with Simplot Grower Solutions and with Truterra In-
sights Engine (USA); Ram Trucks (USA; a new truck = one-year free subscrip-
tion to AgriEdge); Syngenta MAP collaborating with Dole (and with Disney 
to market two Disney-branded tomato varieties). 

Bayer
Digital Ag Platform Climate FieldView (Monsanto asset) in N. America, S. America, Europe (in-

cluding Germany, France, Spain, Italy and Ukraine); Climate FarmRise (digital 
app in India).

Some Components FieldView Drive, Precision Planting 20/20, SeedSense and YieldSense 
(monitors for data-collection and -sharing); Digital Mapping of soil, cloud 
cover, seed population-to-yield; Seed Scripts (seed placement); Seed Advi-
sor (corn seed selection and placement); Disease Risk Modelling, Fertility 
Scripting (input timing and rate recommendations).

Inter-
Operability, Collabora-
tions

Bayer’s Friends with FieldView web page lists 60+ collaborating compa-
nies, big and small, whose digital services are integrated with or connected to 
Climate FieldView: imaging, sensor, farm management, farm machinery, soil 
analytics, “profit mapping” (e.g., Ag-Analytics) and farm insurance companies; 
collaboration with TraceHarvest Network (BlockApps blockchain,  China, 
Brazil and USA) and collaboration with Ant Financial (blockchain, China); 
collaboration with Biome Makers (AI virtual assistant in development – input 
recommendations and yield predictions using soil microbiome and environ-
mental data); research partnership with XAG (ag drones) in South East Asia and 
Pakistan, Japan; part of AGROS, collaboration between Wageningen Uni-
versity & Research and 26 private partners, including BASF and Kubota 
(autonomous growing); strategic partnership with Rantizo (drone integration 
software using DJI drones). 

https://climate.com/partners/
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BASF
Digital Ag Platform BASF Digital Farming; xarvio Digital Farming Solutions.

Some Components xarvio Field Manager (mobile app, real-time field information, recommendations); 
xarvio SCOUTING (app to identify weeds/diseases); GrowSmart Advantage Tool 
(USA, uses farm data to estimate the monetary advantage of using BASF products).

Inter-
Operability, Collabora-
tions

Salient Predictions (long-range weather forecasting) integrated into xarvio; 
BASF Digital Farming joint venture with Bosch selling two products: In-
telligent Planting Solution (IPS) (seed, fertilizer prescriptions) and Smart 
Spraying (camera sensor with xarvio);  collaboration with Bosch (Curitiba, 
Brazil, targeted fertilizer application and seed placement); BASF Vegetable 
Seeds, part of AGROS, collaboration between Wageningen University & 
Research and 26 private partners, including Bayer and Kubota (auton-
omous growing); partnership with Hoogendoorn Growth Management 
(autonomous growing, software and hardware); collaboration with Zen-noh, 
farmer co-op in Japan (farmer alert system); agreement with AGvisorPRO (ag-
ronomic advisors for xarvio users, Canada); xarvio SCOUTING integrated with 
Nutrien Ag Solutions (fertilizer prescriptions); xarvio SCOUTING integrat-
ed with WinField United’s ATLAS digital platform; xarvio Field Manager 
integrated with senseFly’s eBee X fixed-wing drone platform. 

Corteva Agriscience
Digital Ag Platform Granular 
Some Components Seed Prescriptions; Directed Scouting; Fertilizer Management; Ni-

trogen Monitoring; Pioneer seed App; Pioneer Yield Pyramid decision 
tool; Corteva Flight (stand assessments for corn, sunflower, lettuce; gap 
analysis, soybeans; Carbon and Ecosystem Services portfolio (agronomy 
support, carbon advisory services and access to carbon markets).

Inter-Operability,  
Collaborations

DroneDeploy (field monitoring software, used in Corteva’s 600 drones and 
by the company’s 1000+ drone pilots).

UPL
Digital Ag Platform nurture.farm (India, pilot projects in the U.S., South Africa, Brazil and Australia).

Some Components Cultiv-e platform (Brazil, info sharing with UPL customers about soybean 
diseases, highlighting two UPL fungicides).

Inter-
Operability, Collabora-
tions

Collaboration with TeleSense (AI platform to monitor condition of stored grain – rele-
vant for sale of UPL’s fumigant pesticides); collaboration with Taranis UAS FlyUP (Brazil, 
aerial mapping of weeds, diseases in sugarcane fields and herd monitoring in pastures).

FMC
Digital Ag Platform Arc farm intelligence
Some Components Mobile app action alerts; connection to FMC agronomists; uses open API (app 

interface) that allows Arc to work with other companies’ digital ag tools; Pest 
Pressure Dashboard (predictive modelling and analytics).

Inter-
Operability, Collabora-
tions

Investment in Scanit Technologies; partnership with Scanit to use its Spore-
Cam wireless sensor in Brazil to analyze Asian soybean rust; partnership with Nu-
trien Ag Solutions (sending data from Arc to Nutrien’s pest control advisors 
(California); partnership with AI developer Shenzhen SenseAgro Technology 
Co., Ltd. (China, Fall Armyworm identification and control with FMC products). 

Sources: ETC Group; Yating Jiang, “Rising to Transform Agricultural Production – How Agrochemical Titans 
Unlock the Potential of Digital Agriculture,” 09 March 2021, AgroPages: 
http://news.agropages.com/News/NewsDetail---38263.htm. 

http://news.agropages.com/News/NewsDetail---38263.htm
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“[Block]Chain, Chain, Chain… You got me where you want me…” 
When Bayer joined forces with blockchain platform company BlockApps 
to create a digital, global replacement for ‘high friction manual tracking’ in 
the ag sector, they came up with the “highly scalable”74 TraceHarvest Net-
work. The blockchain uses Amazon Web Services (AWS) cloud and com-
puting infrastructure and will follow agricultural products all along the food 
chain from seed source to grocery shelf (or front door). The advantage of us-
ing blockchain’s electronic ledger technology, say its promoters, is that every 
transactional record (e.g., contract, input purchase, sale, transport, delivery) 
is secure, time-stamped and authenticated; and it’s impervious to tampering 
because the blocks are transparent – everyone on the blockchain platform 
sees each transaction as it happens, in real-time.75 

The vision for the TraceHarvest Network (see image, below) is to one day bring 
every big commercial player (and regulatory entity) active in the industrial food 
system on to one common digital platform – inputs, equipment, technology, 
processing, retailing, financing, logistics. Why? According to Stan Dotson, who 
joined BlockApps as a Senior Advisor in early 2021 after 30+ years at Monsan-
to (plus two years working for Bayer as VP of Digital Strategy and Transforma-
tion), Big Ag is under threat from “consumer backlash” due to a “trust crisis.”76 
High-profile food safety recalls have resulted in consumers favouring local and/
or known producers. (In the same breath, Dotson also laments the “irrational 
preferences” of consumers who want their food “free-from-everything.”77) He 
sees blockchain, and TraceHarvest Network in particular, as a way to counter the 
buy-local, know-your-farmer trends. If blockchains are perceived to be verifiable 
and tamper-proof – some refer to digital transactions stored as blockchained 
data the “Single Source of Truth” (SSoT)78 – then TraceHarvest can help Big Ag 
overcome its “trust challenges” with consumers. In fact, some blockchains have 
been breached and are vulnerable to cybercrime.79

Big Ag’s Recipe for CarbonEra? Tracing food back to its seed source is just 
one “use-case” for TraceHarvest, however, on its FAQ page, TraceHarvest 
claims its blockchain technology “promotes both sustainability and consumer 
well-being through solutions including carbon offset crediting, outcome-based 
pricing, and safer, faster food recalls.”80 The focus on safer food recalls, rather 
than safer food, reveals a great deal about Big Ag’s thinking. Tracing carbon 
may turn out to be TraceHarvest’s most useful use-case for the agrochemical/
seed company that helped design it. While Bayer piloted its own limited pro-
gram in 2020 in Brazil and the U.S. – paying farmers to adopt so-called climate 
smart farming practices (e.g., no till or cover crop) – actually verifying increas-
es in soil carbon wasn’t part of the program. The terms for participation in Bay-
er’s carbon program were a requirement to plant corn or soybeans, having an 
active “FieldView Plus” digital ag account and agreeing to share relevant farm 
data.81  It was assumed that following Bayer’s recipe would result in increased 
soil carbon; however, greenhouse gas emissions from energy-hungry block-
chains or from data transport, storage and processing are not accounted for.
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In tandem with, and under the umbrella of digital ag services, carbon credit 
schemes for farmers have proliferated in the last half-decade, particularly in Eu-
rope and the U.S..82 So far, carbon market schemes for agriculture are in early 
stages with both big and small players: startups Nori (U.S.) and Indigo Ag (U.S.), 
Soil Capital (U.K.) and Soil Heroes (Europe and U.K.) are competing with Bayer, 
Corteva and Nutrien. The U.S.-based Ecosystem Services Market Consortium 
(ESMC) will launch a nation-wide carbon market in 2022. Bayer, Syngenta and 
Corteva were early ESMC partners and have pledged financial support.83 They are 
also helping to create the methods “to measure, verify and monetize increases in 
soil carbon,” reductions in greenhouse gas (GHG) emissions, and improved wa-
ter quality in agriculture. Despite Big Ag’s shadow looming over ESMC, it claims 
to be an independent, non-profit, third-party provider of soil carbon verification. 
With data-sharing a sticking point for farmers but a crucial need for Big Ag to sus-
tain its new business model, carbon payouts could be the way to bring farmers 
around and overcome its many “trust challenges.”

(Source: BlockApps webinar, 202084)

New Techno-Fixes: gene editing and RNA-based pesticide sprays
If the pesticide/seed industry giants can take dominant positions in digital 
farming platforms and a new generation of gene editing and/or RNA pesti-
cide technologies, they are poised to capture new platforms that could pro-
vide new technological ‘lock-ins’ – obliging farmers and end-users to adopt a 
new and expanded menu of proprietary ag inputs and digital services.85 

Faced with expiring patents, herbicide-resistant weeds, the rise of generic 
pesticides, and efforts by some governments (especially the EU) to rein in 
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chemical toxins, agrochemical/seed giants are looking to fortify their oligop-
oly power with the rollout of novel, proprietary genetic technologies, most 
prominently :gene editing and RNA-based pesticide sprays. Although these 
technologies involve very different techniques, they both seek to concen-
trate corporate power and reinforce industrial agriculture. There are striking 
similarities in the way they are being introduced and promoted:

•	 The biotech industry touts them as tools that will bring faster, precise and 
highly predictable changes to the genomes of plants, animals and microbes.

•	 To win consumer acceptance and avoid any association with GMOs, 
industry insists that neither technology involves the use of genetic 
engineering (transgenic technology) and therefore must not be sub-
ject to GMO regulations.

•	 In their haste to attract investors and bring to market 21st century 
techno-fixes, corporate labs and start ups scarcely acknowledge huge 
knowledge gaps and associated risks.

We look at these in more detail below.

1. Gene editing: Biotech’s Silver Bullet for Food & Ag

What is gene editing? 
Genome editing techniques are a form of genetic engineering (GE) 
used to alter the genetic material of an organism, plant or animal 
(including humans) by inserting, deleting or changing the DNA at a 
specific target site in the genome. A number of genome-editing tech-
nologies are currently being used in food and agriculture. The most 
well-known among these is the CRISPR-enzyme system (e.g., CRIS-
PR-Cas9, CRISPR-CPF1, etc.) CRISPR stands for Clustered Regularly In-
terspaced Short Palindromic Repeats, and DNA-cutting enzymes are 
generally called nucleases. Other gene-editing technologies include 
TALEN (Transcription activator-like effector nucleases) and ZFN (Zinc 
finger nucleases). CRISPR-Cas9 made headlines outside scientific cir-
cles in 2020 when the scientists who discovered it (Jennifer Doudna 
and Emmanuelle Charpentier) won the Nobel Prize in Chemistry. 

In the food and agriculture arena, Big Ag multinationals and small tech start-ups 
tout gene editing as a fast, precise and predictable breeding technology that will 
rapidly deliver “innovative” traits – from non-browning mushrooms to waxy 
corn to fungus-resistant wheat with fatter grains.86 Not surprisingly, the first 
gene-edited crop commercialized in North America was herbicide-tolerant – a 
canola variety developed by Cibus, which can withstand a dousing of an herbi-
cide manufactured by the Canadian company Rotam. (The product was intro-
duced as an alternative to Roundup Ready canola after Monsanto’s herbicide 
stopped working when weeds became resistant to it.) In an odd about-face the 
company later claimed their product was not gene-edited at all.87
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Beyond applications in plants, CRISPR is also being widely developed for 
gene-editing in livestock (e.g., pigs, cows, sheep, goats and chicken), insects 
and microbes (to boost productivity, soil fertility, disease resistance, and 
more).88 If that extensive tinkering sounds worrisome, headlines like these 
are designed to demolish any obstacles to public acceptance: 

“Crispr Can Help Solve Our Looming Food Crisis” – Wired (i.e., 
transform the food supply to one that can survive the ravages of cli-
mate change).89

“Can Gene Editing Save the World’s Chocolate?” – National Geo-
graphic (i.e., climate tolerant and disease-resistant cacao)90

“Why Gene Editing Is A Climate Change Solution” – Seed World 
(i.e., reduce greenhouse gas emissions, capture carbon, and make 
crops more resilient to the impacts of climate change)
“Gene Editing Could Protect Your Favorite Foods” – Innovature 
(i.e., will ensure the survival of chocolate, coffee, wine, bananas, 
oranges, etc., with plants that are higher yielding, climate- and dis-
ease-resistant, as well as water- and nutrient-efficient).91, 92

Most gene-edited crops are still in the pipeline. A handful are being sold 
commercially and many more are soon-to-be-released. Calyxt’s high oleic, 
reduced saturated fat soybean oil was commercially launched in the U.S. 
in 2019.93 Corteva’s waxy corn (used primarily for industrial corn starch and 
CRISPR-engineered for higher yields) was cleared for release by Canadian 
regulators in 2020 without a risk assessment, and has already been deemed 
a category of GMO outside the purview of regulatory oversight in Argentina, 
Brazil and Chile.94 Sanatech’s CRISPR tomato (engineered to contain height-
ened levels of an amino acid that reportedly lowers blood pressure) received 
approval in Japan in early 2021, but its launch will be limited due to an intel-
lectual property (IP) conflict (cultivation will be restricted to home gardeners 
who will be prohibited from selling or distributing the tomatoes).95

Although the basic research on CRISPR and other gene editing tools like TALEN 
has been conducted primarily in public research institutions,96 many of the first 
gene-edited products are coming from tech start-ups that were spawned by aca-
demic scientists.97 Agrochemical and seed giants are conducting in-house R&D, as 
well as collaborating with and/or licencing technology from smaller companies.

Jennifer Doudna and Emmanuelle Charpentier, the scientists who won the 
Nobel Prize in Chemistry in 2020 for discovering CRISPR-Cas9, are closely as-
sociated with at least three of the start-ups actively commercialising the tech-
nology for food and agriculture. Doudna is the co-founder of Caribou Biosci-
ences, which has funding support from food giant Mars, and she sits on the 
scientific advisory board of Inari Agriculture. Charpentier is the co-founder of 
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ERS Genomics (the company’s sole focus is to maximize commercial licens-
ing of a global patent portfolio related to gene editing owned by University 
of California Berkeley).98 Dr. Feng Zhang and other members of the Broad 
Institute in Boston, U.S.A. also stake key patent claims to CRISPR tech-
niques. They are among the founders of the start-up Pairwise.99 Since 2016, 
The Broad Institute (MIT/Harvard) and UC Berkeley have waged a fierce and 
complicated patent dispute over key IP claims related to CRISPR.100 Doudna 
and her colleagues at Caribou have exclusively licensed CRISPR to Corteva 
for use in corn and soybeans, while Zhang and his colleagues have licensed 
more liberally to Bayer-Monsanto, Syngenta, BASF, Simplot and Pairwise.

Common(s) Mistake: The Genome Editing Patent Landgrab There’s an 
oft-repeated claim that CRISPR is “a democratizing tool” – suggesting that it is 
widely utilized and universally accessible.101,102, 103 In reality, the ag biotech indus-
try is scrambling to win monopoly patents on gene-editing technologies, with 
high-stakes bidding over exclusive and non-exclusive licensing deals. IPStudies 
notes that around 200 patent families are published every month on CRISPR re-
lated nucleases, including a growing number of applications from China.104 

Corteva Agriscience, the world’s 2nd largest seed company and 4th rank-
ing pesticide firm, overwhelmingly dominates patent applications related to 
gene editing nucleases in the crop and seed sector, with more than 70 ap-
plications.105 In 2018, Corteva, the Broad Institute (MIT/Harvard) and other 
discoverers of CRISPR-Cas9 created a patent pool comprising 48 patents that 
involve key CRISPR tools for the gene editing of plants.106 The Munich-based 
Institute for Independent Impact Assessment in Biotechnology (Testbiotech.
org) notes that any plant breeder interested in gaining access to comprehen-
sive use of CRISPR-cas9 will have to obtain licenses from this pool, which is 
likely to make it costly or prohibitive for many breeders. Testbiotech likens 
Corteva’s control of key patents related to genome editing to a “hidden pat-
ent cartel” (the licensing contracts are confidential).107

Bayer, the world’s top-ranking commercial seed company and 2nd largest 
pesticide firm, holds international patent applications on approximately 50 
nucleases; KWS has around 30 applications, and Cellectis/Calyxt around 
20.108 In the case of granted European patents on site-directed nucleases for 
application in crops, Corteva holds around 30, while Bayer, Cellectis, BASF 
and Keygene each hold fewer than 10.

Industry’s Quest to De-Regulate Gene Editing in the U.S. and E.U.: 
Proponents maintain that gene editing and GMOs are distinct because the 
CRISPR technique does not rely on the insertion of DNA from a different spe-
cies(although it may include DNA from other species in some instances).109 
And they insist that gene editing techniques achieve the same results as con-
ventional breeding, only much faster and far more efficiently.110 
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Sampling of Genome-Editing Companies Involved in Food and Agriculture

Company 
(Year founded, 
Headquarters)

Public / Pri-
vate

Business Focus 
in Food and 
Agriculture

Annual Reve-
nue or Equity 
Investment 
Raised 
US$ million

Food & Ag R&D Collabora-
tors

AgBiome (2012, 
USA) Private

Biological and 
synthetic pesti-
cides; crop traits 

~15.68111 
Revenue

The Mosaic Company, Genec-
tive [JV: Limagrain and KWS], 
BASF112

Inari (2016, USA) Private Crop traits (corn, 
soy, wheat)

352113

Investment 

Beck’s (US seed retailer, corn 
traits), Mertec (soybean germ-
plasm), M.S. Technologies (trait 
provider)114

Cibus (2001, USA) Private
Crop traits (cano-
la, rice, soybean, 
wheat, corn)

~131. 3115 Invest-
ment

GDM (soybean genetics), Valley 
Oils Partners (vegetable oils)116

Calyxt (2010, USA) 
(subsidiary of Cel-
lectis, which owns 
TALEN)

Public

Crop traits (winter 
oats, soybeans, 
hemp, high fibre 
wheat, alfalfa)

23.9117 
Revenue

NRGene (software), Perdue Agri-
Business (soybean seed), S&W 
Seed Company (alfalfa)

Caribou Biosciences 
(2011, USA)

Public
(IPO, July 
2021)

Licenses its CRIS-
PR/Cas9 technol-
ogy

115 Investment in 
pre-IPO funding,
304 raised in IPO, 
July 2021118 

Corteva AgriScience (Corteva 
has exclusive license to Caribou 
technology in corn, soybeans; 
joint research on off-target 
effects of gene editing)119   

ERS Genomics (2014, 
Ireland)120 Private

Licenses its CRIS-
PR/Cas9 technol-
ogy 

N/A
Nippon Gene Co., G+FLAS Life 
Sciences, Axxam (all non-exclu-
sive licensing) 

Arcadia Biosciences 
(2002, USA) Public

Hemp, wheat, 
safflower (oil 
products)

8,034121 
Revenue

Ardent Mills; Corteva Agri-
Science; Arista Cereal Seeds Pty 
Ltd; Bay State Milling Company 
(all wheat)122

Pairwise (2017, USA)

Crop traits (kale, 
mustard greens, 
corn, soybeans, 
wheat, canola, 
cotton, berries)

115123

Investment

~9.19124 
Revenue

Bayer (trait development in corn, 
soybeans, wheat, canola and 
cotton); Plant Sciences, Inc. with 
USDA (gene-edited berries) 

Tropic Biosciences 
(2016, UK) Private Crop traits (cof-

fee, bananas, rice)
38.5125

Investment

Genus Plc (porcine and bovine 
genetics); BASF (trait develop-
ment)

Benson Hill Biosyste-
ms (2012, USA)

Public (IPO 
May 2021, 
after SPAC 
merger)126

Crop traits (soy-
bean, yellow pea, 
corn)

282. 3 Invest-
ment127  
71.5 
Revenue in first 
half of 2021128

Mars, Inc. (cacao traits); GDM 
(soybean breeding); Rose Acre 
Farms (soybean processing); 
Beck’s (US seed retailer, corn 
traits)
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In a concerted campaign to win public acceptance and side-step regulations, 
the biotech industry is lobbying intensely to ensure that its proprietary, gene 
edited plants and animals will be excluded from existing GMO regulations and 
labelling requirements. In the U.S. regulatory arena, industry has exceeded its 
goals. In response to pressure from the Trump White House, in 2020 the US 
Department of Agriculture announced its decision to deregulate oversight of 
most genetically modified plants and seeds (including gene edited-plants and 
seeds) and proposed a similar de-regulation of gene-edited animals.137 (The 
new rules are being challenged in court.138) In contrast, the European Union 
(EU) has thus far upheld stricter regulatory oversight of gene editing. A 2018 
ruling by the European Court of Justice requires genome-edited crops to be 
subject to the same regulations as GMOs. However, a 2021 study by Corpo-
rate Europe Observatory reveals that a powerful biotech lobby is campaigning 
aggressively to overturn the E.U.’s precautionary stance and ensure that new 
gene-editing techniques are excluded from existing GMO rules. If the industry 
lobby prevails, gene-edited plants, animals and microorganisms would not be 
subject to risk assessment, monitoring or consumer labelling in Europe.139 

Risks, Unexpected Consequences, Knowledge Gaps With hype and 
hoopla paving the way for the rapid deployment of gene editing in food 
and farming, biotech boosters have conveniently overlooked or ignored a 
growing body of scientific evidence that points to potential risks related to 
gene-editing technologies, including CRISPR-Cas9.140

Recent studies indicate that, far from being precise and predictable, genome 
edits may often result in unwanted changes and unpredictable outcomes. A 
2020 report by Testbiotech on new genetic engineering technologies explains 

Elo Life Systems (sub-
sidiary of Precision 
Biosciences; Preci-
sion PlantScienc-
es formed 2012; 
renamed Elo Life 
Systems 2018, USA 
and Australia)129

Private

Crop traits (cano-
la, watermelon, 
vanilla, bananas, 
chickpeas)130

24. 3
Total revenue of 
parent company, 
including Elo Life 
Systems

Cargill (reduced-fat canola oil); 
Dole (disease-resistant bananas); 
BASF, Bayer, Corteva,131 Avoca 
(Clary Sage plants for extraction 
of sclareol, used in fragrances)

Sanatech Seed Co. 
Ltd. (2018, Japan), 
venture launched by 
University of Tsukuba

Private High GABA 
tomato N/A

Pioneer EcoScience (distribu-
tor of Pioneer brand products 
[Corteva AgriScience] in Japan, 
development of High GABA 
tomato)132

Yield10 Bioscience 
(founded as Metabo-
lix, 1992, USA)

Public

Crop traits in 
canola, soybean, 
corn, sorghum, 
rice and wheat.133 

0.8134

Bayer (soybean), Forage Genet-
ics (sorghum), Simplot (potato), 
GDM (soybean) – all non-exclu-
sive research licenses;135 Roth-
amsted Research, UK, omega-3 
oils136
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the “potential for unforeseen genomic interactions, genomic irregularities and 
unintended biochemical alterations” in two main categories: 

•	 Off-target effects occur when genome editing introduces a change at an 
additional, unintended site of the genome in addition to the intend-
ed (target) location.

•	 Even if the edit is achieved at the targeted site, unintended on-target effects 
relate to possible deletions and rearrangements of DNA, or gene in-
teractions that were not anticipated.141 

Unexpected effects could involve changes in the chemistry, biochemical 
pathways or protein composition of an edited organism, with potential im-
plications for food safety and biodiversity (such as altering toxicity or aller-
genicity). Despite widespread R&D and a rush to market gene-edited organ-
isms, there are enormous gaps in the scientific literature on understanding of 
how new traits could impact the environment, particularly if they introduce 
novel compounds. A 2020 report written by Janet Cotter and Dana Perls, 
published by Logos Environmental, Canadian Biotechnology Action Group 
and Friends of the Earth offers a comprehensive overview.142 

With the advent of gene editing, it becomes technically pos-
sible to develop a far more dangerous and disruptive technol-
ogy: gene drives. Gene drives are a new genetic engineering tech-
nology that seeks to rapidly spread human-directed genetic changes 
through entire populations of animals, insects and plants. Unlike first 
generation GMOs targeting commercial crops, gene drive organisms 
(GDOs) can be designed to manipulate both domesticated and wild 
populations. Gene drives aim to be invasive – to persist and to spread 
and, in some cases, even to extinguish an entire population or species; 
early proponents suggest the use of gene drives to spread “auto- ex-
tinction” genes to wipe out agricultural “pests.” So far only smaller 
start-ups such as Agragene  are openly developing gene-drives for ag-
riculture – mostly in insects. In June 2021 scientists successfully imple-
mented gene drives in crops for the first time.

See ETC Group’s December 2019 report: Gene Drive Organisms: An intro-
duction to a dangerous new technology putting Africans at risk: https://www.etcgroup.
org/tags/gene-drives .

2. RNAi Pesticide Sprays
The Fat Four pesticide powerhouses (Bayer, BASF, Corteva and Syngenta), 
as well as many high-tech start-ups, are actively developing novel pesticide 
spray technologies, based on synthetic, ribonucleic acid (RNA) molecules, 
that are designed for widespread release in farmers’ fields and in forests.143 

https://www.etcgroup.org/tags/gene-drives
https://www.etcgroup.org/tags/gene-drives
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“Gene-silencing pesticides,” also known as RNA interference or RNAi pes-
ticides144 are designed to kill pests by switching off or “silencing” genes es-
sential for the organism’s survival. RNAi is the molecule of the moment, and 
RNAi is biotech’s newest techno-fix for agriculture. 

For agrochemical giants, the appeal of “RNA-based biocontrol” sprays is ir-
resistible: they seek to manipulate the cellular machinery of an insect, weed 
or pest and claim that it is all based on natural, biological processes – en-
abling them to escape scrutiny from pesky GMO regulators and a public that 
overwhelmingly rejects GMOs. Despite major gaps in knowledge about the 
environmental, health and safety impacts of this novel pesticide technology, 
RNAi-based insecticidal sprays are already being field tested in the U.S.145

How does it work? First discovered in 1998,146 RNA interference (RNAi) in-
volves the use of double-stranded RNA (dsRNA) to block messenger RNA 
from performing its usual function (that is, instructions to make a specific 
protein within the cell).147 RNAi can potentially switch off the specific nu-
cleotide sequences that are unique to a target pest without harming benefi-
cial insects or humans. One biotech booster likens the targeted precision of 
RNAi-based pesticides to “smart bombs” used in the military.148 

Just like conventional pesticides, RNAi-based products could be sprayed on 
crops, injected into soil or tree roots. When applied to a crop, the RNAi pes-
ticide could kill the targeted pest on contact, or after the bug munches on 
a leaf and ingests the pesticide that has been absorbed by the plant. Either 
way, the interfering RNA enters the insect’s gut and turns off a gene that is 
essential for its survival. The pest ultimately dies.

Beyond Sprays: RNAi molecules can also be delivered within a genetically 
engineered crop plant or insect. Crops that are genetically engineered with 
traits triggered by RNAi are not new,149 but in 2022 Bayer (formerly Monsan-
to) plans to sell the first GE crop that contains insecticidal RNAi in its genes 
– a genetically modified corn variety equipped with RNAi to kill the Western 
corn rootworm; in addition, the “SmartStax” corn will be loaded with Bay-
er’s proprietary Bt toxins.150 

Bringing Toxic Chemicals Back to Life? In the longer term, agrochem-
ical firms are also exploring a far more lucrative pursuit: how to silence 
enzymes in weeds that make them resistant to cash-cow chemical weed-
killers like glyphosate.151 The use of RNAi for genetic “reversal” of glypho-
sate resistance in weeds aims to expand and fortify markets for genetically 
engineered herbicide tolerant traits, and entrench the use of older, chem-
ical products. To avoid public controversy, industry is likely to focus initial 
efforts on RNAi products that are deemed more socially and environmen-
tally acceptable (i.e., the use of RNAi bio-based sprays to substitute for 
dangerous chemicals). 
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Research and development (R&D) on RNAi pesticide sprays is gaining trac-
tion because the technology can be developed relatively fast, without the 
public stigma, cost or constraints associated with existing GMO regula-
tions.152 The success of closely related mRNA technology in Covid-19 vaccines 
will also be played upon to build public support. In addition, it’s getting a lot 
cheaper to manufacture synthetic RNA strands. A gram of RNA initially cost 
upwards of US$100,000. The price plummeted to US$100 a gram in 2014, 
and now it’s under a dollar per gram.153

Proponents of RNAi pesticide technologies claim:
•	 RNAi sprays are designed with “precise target specificity,” and are 

based on natural, biological processes that enable the interfering 
RNA to dismantle the protein-making cellular machinery of a target 
insect, weed or other pest without harming non-target organisms.

•	 RNAi molecules will degrade rapidly, with little or no environmental 
impact. 

•	 RNAi pesticide sprays are not a form of genetic engineering because 
“the nucleotide sequences in dsRNA pesticides do not code for pro-
tein, and are not inserted into the genome and are not heritable like 
transgenes.”154 

What Could Go Wrong? In stark contrast, critics of the technology assert 
that RNAi pesticides must be regulated as a form of genetic engineering. 
While the RNAi spray itself is not genetically engineered, the technology is 
designed to modify organisms in the open environment. According to a report by a 
team of scientists at Friends of the Earth: “Organisms may start out life as 
non-GMO and be modified partway through their life, constituting a vast, 
open-air genetic experiment.”155 RNAi pesticides can result in genetic chang-
es in exposed organisms as well as altered traits that can be passed down to 
offspring.156 Scientists have documented ways in which interfering RNAs can 
result in heritable alterations.157 

RNAi pesticide sprays are a novel technology designed for widespread envi-
ronmental release. As science writer Antonio Regalado put it in his 2015 arti-
cle for Technology Review: “RNA may be natural. But introducing large amounts 
of targeted RNA molecules into the environment is not.”158 There are enor-
mous knowledge gaps, and a host of potential risks. 

Despite industry’s claims of “precise target specificity,” a study published by 
Monsanto (now Bayer) in 2018 found that its genetically engineered corn 
equipped with RNAi to kill the Western corn rootworm also killed non-target 
beetles in laboratory experiments.159

How will RNAi degrade and where will it go? Do degraded RNAi molecules 
pose a risk to target or non-target organisms? Double-sided RNA molecules 
are larger and heavier than molecules in conventional pesticides.160 Will syn-
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thetic RNA spread via groundwater? The question is relevant because propo-
nents envision delivery of RNAi pesticide sprays via irrigation.161 

Plant scientists already know that insects, pests and weeds can evolve re-
sistance to RNAi pesticides, just as they have to conventional sprays (both 
chemical and biological). Laboratory tests have already confirmed this sce-
nario.162

Special Delivery? Potential ecological and human health risks are made even 
more complex because a number of companies are conducting research on 
novel delivery mechanisms to enhance the efficacy of RNAi sprays. Companies 
seek to encapsulate the RNAi in synthetic nanoparticles – so that the interfer-
ing RNA can penetrate plant cells more efficiently, or to make them degrade 
more slowly in the environment. The fate of engineered nanoparticles in the 
environment and their impact on the health and safety of target or non-tar-
get organisms raises even more unanswered questions.163 ETC Group has been 
monitoring the development of nano-scale technologies since 2000. Most 
scientists agree that many engineered nanomaterials create novel risks that 
require new forms of toxicity evaluation, but risk assessment is still in its in-
fancy. There are no internationally-accepted scientific standards governing lab 
research or the introduction of nanomaterials in commercial products. 

An October 2020 report by Friends of the Earth (FOE) provides an ex-
cellent, in-depth introduction to RNAi pesticide technologies, their 
risks and concerns. FOE’s major findings: 
• RNAi pesticides must be regulated as a form of genetic engineering, 
as they can result in genetic changes in exposed organisms as well as 
altered traits that can be passed down to offspring. 
• Country-level regulatory authorities have failed to acknowledge 
RNAi pesticides as a form of genetic engineering and have therefore 
failed to enact proper assessments or precautions for this novel appli-
cation of the technology. 
• Given the potential risks and major gaps in knowledge surrounding RNAi 
pesticides, it is imperative that civil society, farmers, and concerned scien-
tists push for strong regulations before this technology is commercialized. 

Source: Friends of the Earth (FOE), Gene-Silencing Pesticides: Risks and Con-
cerns, October 2020, https://foe.org/resources/gene-silencing-pesti-
cides-risks-and-concerns/  

https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
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Who’s Running Interference? Sampling of Start-ups focusing on RNAi-
based Pesticide Sprays 

Company (Headquarters) R&D focus & partners
Greenlight (USA) RNAi pioneer focusing on pharma and agriculture. Has conducted over 20 

field trials of dsRNA targeting Colorado Potato Beetle in U.S.164 
RNAissance (USA) Using genetically engineered microorganisms to make dsRNA; conducting 

research on nanoparticle delivery technology; R&D focus on injection of 
RNAi compounds in fruit and nut trees. 

AgroSpheres (USA) Partners with Adama, subsidiary of Syngenta on RNAi-based insecticide tar-
geting the Diamondback Moth (DBM); conducts research on nanoparticle 
delivery technology w/ RNAissance.

DevGen (Belgium), now owned 
by Syngenta

Acquired by Syngenta for US$523 m in 2012; RNAi for pest control.

Viaqua Therapeutics (Israel) Aquaculture; RNA-based RNAi for viral control in shrimp; partners w/ Nu-
treco and Thai Union Group PCL. 
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www.kanekoseeds.jp/en/financial-information/finan-
cial-summary/.

22	 Personal communication with Jonathan Shoham, Senior 
Analyst, IHS Markit, July 2021.

23	 Hepeng Jia, “ChemChina and Sinochem will combine their 
agriculture assets,” Chemical & Engineering News, 08 Janu-
ary 2020. https://cen.acs.org/food/agriculture/ChemChi-
na-Sinochem-combine-agriculture-assets/98/i2.

24	 Daxue Consulting, “The pesticide market in China under 
environmental regulations and industrial restructuring amid 
COVID-19,” 07 December 2020: https://daxueconsulting.
com/pesticide-market-in-china/ .

25	 Jasmine Ng and Shuping Niu, “China Unveils Roadmap 
to Ensure Food for 1.4 Billion People,” Bloomberg News, 04 
March 2021: https://www.bloomberg.com/news/arti-
cles/2021-03-05/china-unveils-roadmap-to-ensure-food-
for-1-4-billion-people.

26	 Gordon Orr, “What can we expect in China in 2021?,” McKinsey 
& Co., 04 Feb 2021: https://www.mckinsey.com/cn/our-in-
sights/our-insights/what-can-we-expect-in-china-in-2021.

27	 Daxue Consulting, “The pesticide market in China under 
environmental regulations and industrial restructuring amid 
COVID-19,” 07 December 2020. https://daxueconsulting.
com/pesticide-market-in-china/; see also Adama, Periodic 
Report for the Year 2020: https://investors.adama.com/

https://www.syngenta.com/sites/syngenta/files/bond-investor-information/financial-results/Syngenta-AG-2020-Financial-Report.pdf
https://www.syngenta.com/sites/syngenta/files/bond-investor-information/financial-results/Syngenta-AG-2020-Financial-Report.pdf
https://www.syngenta.com/sites/syngenta/files/bond-investor-information/financial-results/Syngenta-AG-2020-Financial-Report.pdf
https://investors.adama.com/files/doc_financials/2020/q4/ADAMA_External_Q4_FY_2020_LTD_Presentation.pdf
https://investors.adama.com/files/doc_financials/2020/q4/ADAMA_External_Q4_FY_2020_LTD_Presentation.pdf
https://www.bayer.com/sites/default/files/2021-02/Bayer-Annual-Report-2020.pdf
https://www.bayer.com/sites/default/files/2021-02/Bayer-Annual-Report-2020.pdf
https://report.basf.com/2020/en/managements-report/segments/agricultural-solutions/segment-profile.html
https://report.basf.com/2020/en/managements-report/segments/agricultural-solutions/segment-profile.html
https://www.corteva.com/content/dam/dpagco/corteva/global/corporate/files/press-releases/02.03.2021_4QFY_2020_Earnings_News_Release_Graphic_Version_Final.pdf
https://www.corteva.com/content/dam/dpagco/corteva/global/corporate/files/press-releases/02.03.2021_4QFY_2020_Earnings_News_Release_Graphic_Version_Final.pdf
https://www.corteva.com/content/dam/dpagco/corteva/global/corporate/files/press-releases/02.03.2021_4QFY_2020_Earnings_News_Release_Graphic_Version_Final.pdf
https://www.corteva.com/content/dam/dpagco/corteva/global/corporate/files/press-releases/02.03.2021_4QFY_2020_Earnings_News_Release_Graphic_Version_Final.pdf
https://www.upl-ltd.com/financial_result_and_report_pdfs/v9RuJaxx7cAxNVh3cuwJPwLKCNbTSyflOxx8qnXN/Q4FY2021-Press-Release.pdf
https://www.upl-ltd.com/financial_result_and_report_pdfs/v9RuJaxx7cAxNVh3cuwJPwLKCNbTSyflOxx8qnXN/Q4FY2021-Press-Release.pdf
https://www.upl-ltd.com/financial_result_and_report_pdfs/v9RuJaxx7cAxNVh3cuwJPwLKCNbTSyflOxx8qnXN/Q4FY2021-Press-Release.pdf
https://s21.q4cdn.com/968238644/files/doc_financials/2020/ar/FMC-2020-Annual-Report_Form-10-K.pdf
https://s21.q4cdn.com/968238644/files/doc_financials/2020/ar/FMC-2020-Annual-Report_Form-10-K.pdf
https://s21.q4cdn.com/968238644/files/doc_financials/2020/ar/FMC-2020-Annual-Report_Form-10-K.pdf
https://www.sumitomo-chem.co.jp/english/ir/library/financial_results/files/docs/ar2021_fs.pdf
https://www.sumitomo-chem.co.jp/english/ir/library/financial_results/files/docs/ar2021_fs.pdf
https://cdn.nufarm.com/wp-content/uploads/2020/11/19064818/Nufarm-AR2020_Web.pdf
https://cdn.nufarm.com/wp-content/uploads/2020/11/19064818/Nufarm-AR2020_Web.pdf
https://www.rainbowagro.com/news_detail/newsId=111.html
https://www.rainbowagro.com/news_detail/newsId=111.html
https://www.rainbowagro.com/news_detail/newsId=111.html
https://www.rainbowagro.com/news_detail/newsId=111.html
https://chemweek.com/CW/Document/116331/Agchems-expect-slight-gains-in-2021
https://chemweek.com/CW/Document/116331/Agchems-expect-slight-gains-in-2021
https://www.bayer.com/sites/default/files/2021-02/Bayer-Annual-Report-2020.pdf
https://www.bayer.com/sites/default/files/2021-02/Bayer-Annual-Report-2020.pdf
https://www.corteva.com/content/dam/dpagco/corteva/global/corporate/files/press-releases/02.03.2021_4QFY_2020_Earnings_News_Release_Graphic_Version_Final.pdf
https://www.corteva.com/content/dam/dpagco/corteva/global/corporate/files/press-releases/02.03.2021_4QFY_2020_Earnings_News_Release_Graphic_Version_Final.pdf
https://www.corteva.com/content/dam/dpagco/corteva/global/corporate/files/press-releases/02.03.2021_4QFY_2020_Earnings_News_Release_Graphic_Version_Final.pdf
https://www.corteva.com/content/dam/dpagco/corteva/global/corporate/files/press-releases/02.03.2021_4QFY_2020_Earnings_News_Release_Graphic_Version_Final.pdf
https://www.syngenta.com/sites/syngenta/files/bond-investor-information/financial-results/Syngenta-AG-2020-Financial-Report.pdf
https://www.syngenta.com/sites/syngenta/files/bond-investor-information/financial-results/Syngenta-AG-2020-Financial-Report.pdf
https://www.syngenta.com/sites/syngenta/files/bond-investor-information/financial-results/Syngenta-AG-2020-Financial-Report.pdf
https://report.basf.com/2020/en/servicepages/downloads/files/gby-business-year-basf-basf-ar20.pdf
https://report.basf.com/2020/en/servicepages/downloads/files/gby-business-year-basf-basf-ar20.pdf
https://www.vilmorincie.com/wp-content/uploads/2021/08/Preesentation-CA-annuel-VCO-2020-2021-EN.pdf
https://www.vilmorincie.com/wp-content/uploads/2021/08/Preesentation-CA-annuel-VCO-2020-2021-EN.pdf
https://www.vilmorincie.com/wp-content/uploads/2021/08/Preesentation-CA-annuel-VCO-2020-2021-EN.pdf
https://www.kws.com/corp/en/company/at-a-glance/
https://www.dlf.com/about-dlf/key-figures-and-annual-report
https://www.dlf.com/about-dlf/key-figures-and-annual-report
https://corporate.sakataseed.co.jp/en/ir/library/shi2630000000cee-att/SAKATA20210714_summary_of_financial_results_for_the_year_ended_May_31_2021.pdf
https://corporate.sakataseed.co.jp/en/ir/library/shi2630000000cee-att/SAKATA20210714_summary_of_financial_results_for_the_year_ended_May_31_2021.pdf
https://corporate.sakataseed.co.jp/en/ir/library/shi2630000000cee-att/SAKATA20210714_summary_of_financial_results_for_the_year_ended_May_31_2021.pdf
https://corporate.sakataseed.co.jp/en/ir/library/shi2630000000cee-att/SAKATA20210714_summary_of_financial_results_for_the_year_ended_May_31_2021.pdf
http://www.kanekoseeds.jp/en/financial-information/financial-summary/
http://www.kanekoseeds.jp/en/financial-information/financial-summary/
http://www.kanekoseeds.jp/en/financial-information/financial-summary/
https://cen.acs.org/food/agriculture/ChemChina-Sinochem-combine-agriculture-assets/98/i2
https://cen.acs.org/food/agriculture/ChemChina-Sinochem-combine-agriculture-assets/98/i2
https://daxueconsulting.com/pesticide-market-in-china/
https://daxueconsulting.com/pesticide-market-in-china/
https://www.bloomberg.com/news/articles/2021-03-05/china-unveils-roadmap-to-ensure-food-for-1-4-billion-people
https://www.bloomberg.com/news/articles/2021-03-05/china-unveils-roadmap-to-ensure-food-for-1-4-billion-people
https://www.bloomberg.com/news/articles/2021-03-05/china-unveils-roadmap-to-ensure-food-for-1-4-billion-people
https://www.mckinsey.com/cn/our-insights/our-insights/what-can-we-expect-in-china-in-2021
https://www.mckinsey.com/cn/our-insights/our-insights/what-can-we-expect-in-china-in-2021
https://daxueconsulting.com/pesticide-market-in-china/
https://daxueconsulting.com/pesticide-market-in-china/


| 26 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

files/doc_financials/2020/q4/Q4_FY_2020_Report_Solu-
tions.pdf.

28	 Annie Shattuck, “Generic, growing, green?: The chang-
ing political economy of the global pesticide com-
plex,” The Journal of Peasant Studies, January 2021: DOI: 
10.1080/03066150.2020.1839053.

29	 Jing Yang and Martin Mou, “China Approves Merger of 
Chemical Giants, Creating $150 Billion Company,” Wall Street 
Journal, 01 April 2021:
https://www.wsj.com/articles/china-approves-merg-
er-of-chemical-giants-creating-150-bil l ion-compa-
ny-11617257687 .

30	 Sun Chi, “Sinochem and ChemChina merger approved,” 
China Daily, 01 April 2021: approved http://www.chinadai-
ly.com.cn/a/202104/01/WS606533bca31024ad0bab2fde.
html.

31	 Sinochem Holdings, “Sinochem Holdings Releases Its 
Brand Logo,” 08 April 2021: http://www.sinochem.com/
newen/s/17585-50448-148378.html .

32	 Anon., “SinoChem Group Profile,” Marketline, 06 Dec 
2020: https://marketline.com/ .

33	 Anon., “SinoChem Group Profile,”Marketline, 06 Dec 
2020: https://marketline.com/ .

34	 Syngenta Group, “Syngenta Group China to build world-
class innovation center in Nanjing,” 02 Feb 2021: https://
www.syngentagroup.com/en/media/syngenta-news/
year/2021/syngenta-group-china-build-world-class-innova-
tion-center-nanjing. “Biologicals” refer to naturally occur-
ring substances, products derived from fermentation, mi-
crobes and pheromones, predatory insects and mites, fungi 
and nematodes. 

35	 Hepeng Jia, “ChemChina and Sinochem will combine their 
agriculture assets,” Chemical & Engineering News, 08 Janu-
ary 2020: https://cen.acs.org/food/agriculture/ChemChi-
na-Sinochem-combine-agriculture-assets/98/i2. 

36	 Jacky Wong, “More Seed Capital for Syngenta Could Help 
Feed China,” Wall Street Journal, 13 July 2021: https://www.
wsj.com/articles/more-seed-capital-for-syngenta-could-
help-feed-china-11626170421 .

37	 Narayanan Somasundaram, “Syngenta files for year’s biggest 
IPO with $10bn Shanghai listing,” Nikkei Asia, 03 July 2021: 
https://asia.nikkei.com/Business/Markets/IPO/Syngenta-
files-for-year-s-biggest-IPO-with-10bn-Shanghai-listing2 .

38	 Reuters Staff, “Shanghai suspends Syngenta IPO in mass 
listings freeze,” Reuters, 11 Oct 2021: https://www.reuters.
com/article/syngenta-ipo/shanghai-suspends-syngenta-
ipo-in-mass-listings-freeze-blames-outdated-info-idUSKB-
N2H10EH .

39	 Annie Shattuck, “Generic, growing, green?: The chang-
ing political economy of the global pesticide com-
plex,” The Journal of Peasant Studies, January 2021. DOI: 
10.1080/03066150.2020.1839053.

40	 Annie Shattuck, “Generic, growing, green?: The changing 
political economy of the global pesticide complex,” The Jour-
nal of Peasant Studies, Jan 2021: https://doi.org/10.1080/0306
6150.2020.1839053 . Shattuck cites studies by agribusiness 
consultancy Phillip McDougall (now IHS Markit).  

41	 Phillips McDougall, “The Cost of New Agrochemical Prod-
uct Discovery, Development and Registration in 1995, 2000, 
2005-8 and 2010-2014. R&D expenditure in 2014 and expec-
tations for 2019,” March 2016: https://croplife.org/wp-con-
tent/uploads/2016/04/Cost-of-CP-report-FINAL.pdf .

42	 Jennifer Clapp, “Explaining Growing Glyphosate Use: 
The Political Economy of Herbicide-Dependent Agricul-

ture,” Global Environmental Change, March 2021: https://doi.
org/10.1016/j.gloenvcha.2021.102239 .  

43	 Jennifer Clapp. “The problem with growing corporate concen-
tration and power in the global food system,” Nature Food 2, 
404–408 (2021): https://doi.org/10.1038/s43016-021-00297-7 . 

44	 Jennifer Clapp, “Explaining Growing Glyphosate Use: The 
Political Economy of Herbicide-Dependent Agriculture,” 
Global Environmental Change, Volume 67, 2021: https://doi.
org/10.1016/j.gloenvcha.2021.102239 . 

45	 Heartland Health Research Alliance, Take Home Messages in 
“Organic Farming Lessens Reliance on Pesticides and Promotes Public 
Health by Lowering Dietary Risks,” 07 July 2021: https://hh-ra.
org/2021/07/07/take-home-messages-hhra-new-paper/.

46	 Gil Gullickson, New tech coming in seed traits, Successful 
Farming, 30 November 2020: 
https://www.agriculture.com/crops/corn/new-tech-com-
ing-in-seed-traits.

47	 Gil Gullickson, New tech coming in seed traits, Successful 
Farming, 30 November 2020: 
https://www.agriculture.com/crops/corn/new-tech-com-
ing-in-seed-traits.

48	 Andrea Klosterman Harris, “Post-Patent Report,” Agribusiness 
Global, 01 September 2009: https://www.agribusinessglob-
al.com/agrochemicals/post-patent-report-2/.

49	 Andrea Klosterman Harris, “Post-Patent Report,” Agribusiness 
Global, 01 September 2009: https://www.agribusinessglob-
al.com/agrochemicals/post-patent-report-2/.

50	 Marion Werner, Christian Berndt and Becky Mansfield, 
“The Glyphosate Assemblage: Herbicides, Uneven Devel-
opment, and Chemical Geographies of Ubiquity,” Annals of 
the American Association of Geographers, 2021: https://doi.org/10.
1080/24694452.2021.1898322 .

51	 Annie Shattuck, “Generic, growing, green?: The changing 
political economy of the global pesticide complex,” The Jour-
nal of Peasant Studies, January 2021: https://doi.org/10.1080/0
3066150.2020.1839053 .

52	 UPL Ltd. Capital Markets Day Presentation, 12 May 2021, p. 
27. https://www.upl-ltd.com/financial_result_and_report_
pdfs/gJhLXpQ61k5IcsAaKLpO4vrbcZFhpdx6cnNr0B5h/
FY2021_CMD-Presentation.pdf .

53	 Duane Dickson, Shay Eliaz, and Aijaz Hussain, “The future 
of agrochemicals,” Deloitte, 2019: https://www2.deloitte.
com/content/dam/Deloitte/us/Documents/energy-re-
sources/us-eri-future-of-agrochemicals.pdf. 

54	 The multinational agrochem giants operate in all three sec-
tors: 1) proprietary; 2) proprietary off-patent sector; 3) gener-
ics. But the “proprietary off-patent sector” – that is, the refor-
mulation of existing active ingredients – has been increasingly 
important. The term “profitable agrochemicals cocktail” 
comes from Duane Dickson, Shay Eliaz, and Aijaz Hussain, 
“The future of agrochemicals,” Deloitte, 2019: https://www2.
deloitte.com/content/dam/Deloitte/us/Documents/ener-
gy-resources/us-eri-future-of-agrochemicals.pdf.  

55	 Andrea Klosterman Harris“ Post-Patent Report,” Agribusiness 
Global, 01 September 2009: https://www.agribusinessglob-
al.com/agrochemicals/post-patent-report-2/.

56	 David Frabotta, “Bigger Than COVID-19: Three Things Af-
fecting Global Agriculture,” Agribusiness Global 17 November: 
2020:  https://www.agribusinessglobal.com/markets/big-
ger-than-covid-19-three-things-affecting-global-agriculture/. 

57	 Annie Shattuck, “Generic, growing, green?: The changing 
political economy of the global pesticide complex,” The Jour-
nal of Peasant Studies, January 2021: https://doi.org/10.1080/0
3066150.2020.1839053 . 

https://www.wsj.com/articles/china-approves-merger-of-chemical-giants-creating-150-billion-company-11617257687
https://www.wsj.com/articles/china-approves-merger-of-chemical-giants-creating-150-billion-company-11617257687
https://www.wsj.com/articles/china-approves-merger-of-chemical-giants-creating-150-billion-company-11617257687
http://www.chinadaily.com.cn/a/202104/01/WS606533bca31024ad0bab2fde.html
http://www.chinadaily.com.cn/a/202104/01/WS606533bca31024ad0bab2fde.html
http://www.chinadaily.com.cn/a/202104/01/WS606533bca31024ad0bab2fde.html
http://www.sinochem.com/newen/s/17585-50448-148378.html
http://www.sinochem.com/newen/s/17585-50448-148378.html
https://marketline.com/
https://marketline.com/
https://www.syngentagroup.com/en/media/syngenta-news/year/2021/syngenta-group-china-build-world-class-innovation-center-nanjing
https://www.syngentagroup.com/en/media/syngenta-news/year/2021/syngenta-group-china-build-world-class-innovation-center-nanjing
https://www.syngentagroup.com/en/media/syngenta-news/year/2021/syngenta-group-china-build-world-class-innovation-center-nanjing
https://www.syngentagroup.com/en/media/syngenta-news/year/2021/syngenta-group-china-build-world-class-innovation-center-nanjing
https://cen.acs.org/food/agriculture/ChemChina-Sinochem-combine-agriculture-assets/98/i2
https://cen.acs.org/food/agriculture/ChemChina-Sinochem-combine-agriculture-assets/98/i2
https://www.wsj.com/articles/more-seed-capital-for-syngenta-could-help-feed-china-11626170421
https://www.wsj.com/articles/more-seed-capital-for-syngenta-could-help-feed-china-11626170421
https://www.wsj.com/articles/more-seed-capital-for-syngenta-could-help-feed-china-11626170421
https://asia.nikkei.com/Business/Markets/IPO/Syngenta-files-for-year-s-biggest-IPO-with-10bn-Shanghai-listing2
https://asia.nikkei.com/Business/Markets/IPO/Syngenta-files-for-year-s-biggest-IPO-with-10bn-Shanghai-listing2
https://www.reuters.com/article/syngenta-ipo/shanghai-suspends-syngenta-ipo-in-mass-listings-freeze-blames-outdated-info-idUSKBN2H10EH
https://www.reuters.com/article/syngenta-ipo/shanghai-suspends-syngenta-ipo-in-mass-listings-freeze-blames-outdated-info-idUSKBN2H10EH
https://www.reuters.com/article/syngenta-ipo/shanghai-suspends-syngenta-ipo-in-mass-listings-freeze-blames-outdated-info-idUSKBN2H10EH
https://www.reuters.com/article/syngenta-ipo/shanghai-suspends-syngenta-ipo-in-mass-listings-freeze-blames-outdated-info-idUSKBN2H10EH
https://doi.org/10.1080/03066150.2020.1839053
https://doi.org/10.1080/03066150.2020.1839053
https://croplife.org/wp-content/uploads/2016/04/Cost-of-CP-report-FINAL.pdf
https://croplife.org/wp-content/uploads/2016/04/Cost-of-CP-report-FINAL.pdf
https://doi.org/10.1016/j.gloenvcha.2021.102239
https://doi.org/10.1016/j.gloenvcha.2021.102239
https://doi.org/10.1038/s43016-021-00297-7
https://doi.org/10.1016/j.gloenvcha.2021.102239
https://doi.org/10.1016/j.gloenvcha.2021.102239
https://hh-ra.org/2021/07/07/take-home-messages-hhra-new-paper/
https://hh-ra.org/2021/07/07/take-home-messages-hhra-new-paper/
https://www.agribusinessglobal.com/agrochemicals/post-patent-report-2/
https://www.agribusinessglobal.com/agrochemicals/post-patent-report-2/
https://www.agribusinessglobal.com/agrochemicals/post-patent-report-2/
https://www.agribusinessglobal.com/agrochemicals/post-patent-report-2/
https://doi.org/10.1080/24694452.2021.1898322
https://doi.org/10.1080/24694452.2021.1898322
https://doi.org/10.1080/03066150.2020.1839053
https://doi.org/10.1080/03066150.2020.1839053
https://www.upl-ltd.com/financial_result_and_report_pdfs/gJhLXpQ61k5IcsAaKLpO4vrbcZFhpdx6cnNr0B5h/FY2021_CMD-Presentation.pdf
https://www.upl-ltd.com/financial_result_and_report_pdfs/gJhLXpQ61k5IcsAaKLpO4vrbcZFhpdx6cnNr0B5h/FY2021_CMD-Presentation.pdf
https://www.upl-ltd.com/financial_result_and_report_pdfs/gJhLXpQ61k5IcsAaKLpO4vrbcZFhpdx6cnNr0B5h/FY2021_CMD-Presentation.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-eri-future-of-agrochemicals.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-eri-future-of-agrochemicals.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-eri-future-of-agrochemicals.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-eri-future-of-agrochemicals.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-eri-future-of-agrochemicals.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-eri-future-of-agrochemicals.pdf
https://www.agribusinessglobal.com/agrochemicals/post-patent-report-2/
https://www.agribusinessglobal.com/agrochemicals/post-patent-report-2/
https://www.agribusinessglobal.com/markets/bigger-than-covid-19-three-things-affecting-global-agriculture/
https://www.agribusinessglobal.com/markets/bigger-than-covid-19-three-things-affecting-global-agriculture/
https://doi.org/10.1080/03066150.2020.1839053
https://doi.org/10.1080/03066150.2020.1839053


| 27 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

58	 Stacy Malkan, “Glyphosate Fact Sheet: Cancer and Other 
Health Concerns,” U.S. Right to Know, 10 June  2021: https://
usrtk.org/pesticides/glyphosate-health-concerns/ .

59	 Tim Loh and Jef Feeley, “Bayer’s Roundup Costs Could Top 
$16 Billion as Provisions Mount,” Bloomberg, 29 July 2021: 
https://www.bloomberg.com/news/articles/2021-07-29/
bayer-to-set-aside-4-5-billion-for-potential-roundup-claims.

60	 Sara Randazzo and Ruth Bender, “Bayer to Rethink Roundup 
Formula for U.S. Consumers,” Wall Street Journal, 26 May 2021: 
https://www.wsj.com/articles/judge-rejects-bayer-propos-
al-to-resolve-future-roundup-cases-11622057583. 

61	 For a full list of glyphosate bans and restrictions, see Baum 
Hedlund Law, “Where is Glyphosate Banned?,” updated 
August 2021: https://www.baumhedlundlaw.com/toxic-
tort-law/monsanto-roundup-lawsuit/where-is-glyphosate-
banned-/ .

62	 The website of the “Data Working Group” of the Civil So-
ciety and Indigenous Peoples’ Mechanism (CSM) for Re-
lations with the UN Committee on World Food Security 
provides more in-depth discussion of these issues: https://
www.csm4cfs.org/tag/data/ .

63	 Glenn Davis Stone, “Surveillance agriculture and peasant 
autonomy,” Journal of Agrarian Change, 2022; 1–24: https://doi.
org/10.1111/joac.12470.

64	 Lutz Goedde, Joshua Katz, Alexandre Ménard and Ju-
lien Revellat, “Agriculture’s connected future: How tech-
nology can yield new growth,” McKinsey & Co., 9 Oct 
2020: https://www.mckinsey.com/industries/agriculture/
our-insights/agricultures-connected-future-how-technolo-
gy-can-yield-new-growth . 

65	 Studies looking at levels of adoption of precision agriculture 
technologies have largely viewed the issue through the lens 
of farm profitability (rather than environmental impact, for 
example). They acknowledge that input-use could increase 
“if a need was indicated by mapping,” as per David Schim-
melpfennig, “Farm Profits and Adoption of Precision Agri-
culture,” USDA Economic Research Report # 217, October 
2016, p. 13: https://www.ers.usda.gov/webdocs/publica-
tions/80326/err-217.pdf?v=0 . Schimmelpfennig’s study ex-
amined corn farms in the US (94% of which were growing 
GMO corn) and concluded that very large farms were more 
likely to adopt precision agriculture technologies, with an 
overall impact on profitability that was “positive, but small.” 

66	 Mao Feng quoted in Dominique Patton, “Syngenta looks to 
China’s farmers for growth ahead of mega-IPO,” Reuters, 04 
July 2021: https://www.reuters.com/article/us-china-syn-
genta-focus-idCAKCN2EA0M6. Syngenta’s MAP sells seeds 
and agrochemicals and runs training centers across China 
as well as ~900 demonstration farms that provide loca-
tion-specific recommendations for increasing yields. On the 
MAP platform, growers receive “free” land management, 
and, in return, buy Syngenta’s products or “others recom-
mended by its agronomists.”

67	 For a clear overview of digital ag business models, with a 
focus on developing countries, see Regina Birner, Thom-
as Daum and Carl Pray, “Who drives the digital revolution 
in agriculture? A review of supply-side trends, players and 
challenges,” Applied Economic Perspectives and Policy, 2021, p. 19: 
https://onlinelibrary.wiley.com/doi/pdf/10.1002/aepp.13145 .

68	 Ryan Humpert, “Trusted Data Advisor: 3 Digital Collaboration 
Trends That Are Changing the Way Ag Retailers Do Business,” 
CropLife, 21 August 2020: https://www.croplife.com/preci-
sion/trusted-data-advisor-3-digital-collaboration-trends-that-
are-changing-the-way-ag-retailers-do-business/ .

69	 See, as one example, a discussion of the pros and cons of 
paying for a drone-based, field-scouting service on a US corn 
field: Farm Progress website (owned by informa), “Putting a 
value on aerial scouting,” 25 March 2020: https://www.
farmprogress.com/scouting/putting-value-aerial-scouting.

70	 Omnivore Venture Capital envisions a “farm of one” in its 
report, “The Future of Indian Agriculture and Food Systems: 
Vision 2030:” https://www.omnivore.vc/vision-2030/ .

71	 In 2020, Bayer’s partnership with Tillable (a company that 
finds arable land available for rent – kind of an Airbnb for 
crops – which offers its own digital farm management tools) 
ended abruptly when farmers began suspecting that data they 
shared on Bayer/Climate Corporation’s FieldView platform 
had been compromised. The legal ambiguities and potential 
peril for farmers are clearly presented by ag-focused attorney 
Todd Janzen, “The FieldView-Tillable Breakup: What Went 
Wrong?,” Successful Farming, 19 February 2020: “…it is not clear 
[to users] who is behind the FieldView platform. Climate 
[Corporation]’s end user license agreement (EULA) and pri-
vacy statement are both filled with references to The Climate 
Corporation, FieldView, Affiliates, Bayer Group, third parties, 
and Platform Partners. Sharing data with the FieldView plat-
form begins with an ambiguity about who, exactly, FieldView 
is. Legally, FieldView is a Bayer product, just like a Chevrolet 
is made by General Motors. Climate and Monsanto are divi-
sions of Bayer…users, too, were not sure where Tillable fit 
into the relationship with Climate. Was it owned by Bayer, 
controlled by Bayer, or backed by similar venture capital in-
vestors? Perhaps this is one reason that Stern, Climate’s CEO, 
had to clarify in Climate’s renunciation press release that Till-
able was only a ‘Platform Partner,’ not something more.” 
Janzen’s full article is available on the Internet: https://www.
agriculture.com/news/technology/the-fieldview-tillable-
breakup-what-went-wrong. ClimateView’s [i.e., Bayer’s] 
painful breakup with Tillable, announced, without irony, on 
Valentine’s Day 2020, is available on the Internet: https://
d107i52gp9xyle.cloudfront.net/press-releases/fieldview-ter-
minates-platform-partner-agreement-with-tillable/ .

72	 Ibid.
73	 Several studies and/or surveys focus on concerns that farm-

ers have about sharing data. See, for example, Jody L. Ferris, 
“Data Privacy and Protection in the Agriculture Industry: Is 
Federal Regulation Necessary?” The Minnesota Journal of Law, 
Science & Technology, Vol.18, Issue 1, 2017, pp. 309-342, espe-
cially pp. 315-317: https://scholarship.law.umn.edu/mjlst/
vol18/iss1/6 .

74	 Anon., “BlockApps Launches Agribusiness Blockchain Net-
work ‘TraceHarvest’ Following Success with Bayer,” Seed 
World, 18 November 2020: https://seedworld.com/block-
apps-launches-agribusiness-blockchain-network-tracehar-
vest-following-success-with-bayer/ .

75	 Anon., “The Use of Blockchain in Trademark and Brand Pro-
tection,” Caldwell Intellectual Property Law, 22 June 2021: 
https://www.jdsupra.com/legalnews/the-use-of-block-
chain-in-trademark-and-1929008/#_edn1 .

76	 In March 2021, TraceHarvest Network held a virtual infor-
mational meeting about its blockchain technology with pre-
sentations by Bushel (digital platform for grain growers and 
buyers), Roger (digital tools for bulk freight shipping) and 
Bayer Crop Science. A recording of the meeting is available 
on YouTube: https://www.youtube.com/watch?v=OqpA-
JlPciRs&t=787s. Stan Dotson’s presentation begins at 37:10 
(viewed 12 August 2021).

77	 Ibid.

https://usrtk.org/pesticides/glyphosate-health-concerns/
https://usrtk.org/pesticides/glyphosate-health-concerns/
https://www.wsj.com/articles/judge-rejects-bayer-proposal-to-resolve-future-roundup-cases-11622057583
https://www.wsj.com/articles/judge-rejects-bayer-proposal-to-resolve-future-roundup-cases-11622057583
https://www.baumhedlundlaw.com/toxic-tort-law/monsanto-roundup-lawsuit/where-is-glyphosate-banned-/
https://www.baumhedlundlaw.com/toxic-tort-law/monsanto-roundup-lawsuit/where-is-glyphosate-banned-/
https://www.baumhedlundlaw.com/toxic-tort-law/monsanto-roundup-lawsuit/where-is-glyphosate-banned-/
https://www.csm4cfs.org/tag/data/
https://www.csm4cfs.org/tag/data/
https://doi.org/10.1111/joac.12470
https://doi.org/10.1111/joac.12470
https://www.mckinsey.com/industries/agriculture/our-insights/agricultures-connected-future-how-technology-can-yield-new-growth
https://www.mckinsey.com/industries/agriculture/our-insights/agricultures-connected-future-how-technology-can-yield-new-growth
https://www.mckinsey.com/industries/agriculture/our-insights/agricultures-connected-future-how-technology-can-yield-new-growth
https://www.ers.usda.gov/webdocs/publications/80326/err-217.pdf?v=0
https://www.ers.usda.gov/webdocs/publications/80326/err-217.pdf?v=0
https://www.reuters.com/article/us-china-syngenta-focus-idCAKCN2EA0M6
https://www.reuters.com/article/us-china-syngenta-focus-idCAKCN2EA0M6
https://onlinelibrary.wiley.com/doi/pdf/10.1002/aepp.13145
https://www.croplife.com/precision/trusted-data-advisor-3-digital-collaboration-trends-that-are-changing-the-way-ag-retailers-do-business/
https://www.croplife.com/precision/trusted-data-advisor-3-digital-collaboration-trends-that-are-changing-the-way-ag-retailers-do-business/
https://www.croplife.com/precision/trusted-data-advisor-3-digital-collaboration-trends-that-are-changing-the-way-ag-retailers-do-business/
https://www.omnivore.vc/vision-2030/
https://www.agriculture.com/news/technology/the-fieldview-tillable-breakup-what-went-wrong
https://www.agriculture.com/news/technology/the-fieldview-tillable-breakup-what-went-wrong
https://www.agriculture.com/news/technology/the-fieldview-tillable-breakup-what-went-wrong
https://d107i52gp9xyle.cloudfront.net/press-releases/fieldview-terminates-platform-partner-agreement-with-tillable/
https://d107i52gp9xyle.cloudfront.net/press-releases/fieldview-terminates-platform-partner-agreement-with-tillable/
https://d107i52gp9xyle.cloudfront.net/press-releases/fieldview-terminates-platform-partner-agreement-with-tillable/
https://scholarship.law.umn.edu/mjlst/vol18/iss1/6
https://scholarship.law.umn.edu/mjlst/vol18/iss1/6
https://seedworld.com/blockapps-launches-agribusiness-blockchain-network-traceharvest-following-success-with-bayer/
https://seedworld.com/blockapps-launches-agribusiness-blockchain-network-traceharvest-following-success-with-bayer/
https://seedworld.com/blockapps-launches-agribusiness-blockchain-network-traceharvest-following-success-with-bayer/
https://www.jdsupra.com/legalnews/the-use-of-blockchain-in-trademark-and-1929008/#_edn1
https://www.jdsupra.com/legalnews/the-use-of-blockchain-in-trademark-and-1929008/#_edn1
https://www.youtube.com/watch?v=OqpAJlPciRs&t=787s
https://www.youtube.com/watch?v=OqpAJlPciRs&t=787s


| 28 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

78	 For example, business software giant Oracle refers to block-
chain as “a single source of truth” here: https://www.ora-
cle.com/ca-en/blockchain/what-is-blockchain/ .

79	 Mike Orcutt, “Once hailed as unhackable, blockchains are 
now getting hacked,” MIT Technology Review, 19 Feb 2019: 
https://www.technologyreview.com/2019/02/19/239592/
once-hailed-as-unhackable-blockchains-are-now-getting-
hacked/.

80	 TraceHarvest FAQs: https://blockapps.net/traceharvest/#-
faq (viewed 29 July 2021).

81	 https://cdn.farmjournal.com/2020-12/FarmJournal-ACAM-
2020Report-CarbonMarkets_0.pdf .

82	 See an annotated list of carbon credit companies in Mike 
Abram, “Companies offering carbon-based payments to 
arable farmers,” Farmers Weekly, 30 June 2021: https://re-
genfarming.news/articles/1126-companies-offering-car-
bon-based-payments-to-arable-farmers. See also, Farm Jour-
nal 2020 Report, pp. 14-15: http://digitaledition.qwinc.com/
publication/?m=63835&i=687549&p=14&ver=html5 .

83	 Ecosystem Services Market Consortium news release, “Eco-
system Services Market Consortium Expands with Eight 
New Members,” 04 June 2019: https://www.prnewswire.
com/news-releases/ecosystem-services-market-consor-
tium-expands-with-eight-new-members-300861561.html. 

84	 BlockApps webinar, “Seed to Silo Blockchain Traceabil-
ity - with Bayer Crop Science (FULL 45M WEBINAR),” 10 
December 2020, at 25:22: https://www.youtube.com/
watch?v=O5Owa4doZ1I&t=1647s. 

85	 Jennifer Clapp, “The problem with growing corporate con-
centration and power in the global food system. Nature Food 
2, 404–408 (2021). https://doi.org/10.1038/s43016-021-
00297-7 .

86	 Jon Cohen, “To feed its 1.4 billion, China bets big on ge-
nome editing of crops,” Science, 29 July 2019: https://www.
sciencemag.org/news/2019/07/feed-its-14-billion-china-
bets-big-genome-editing-crops 

87	 Anonymous, “Company claims first commercial gene-edit-
ed crop wasn’t gene-edited after all,” GM Watch, 21 Sep-
tember 2020: https://www.gmwatch.org/en/106-news/
latest-news/19535. 	

88	 Alejo Menchaca, “Sustainable Food Production: The Con-
tribution of Genome Editing in Livestock,”  Sustainability 
(MDPI) 2021, 13, 6788: https://doi.org/10.3390/su13126788 

89	 Megan Molteni, “Crispr Can Help Solve Our Looming Food 
Crisis—Here’s How,” Wired, 08 Aug 2019: https://www.
wired.com/story/gene-editing-food-climate-change/ .

90	 Laura Geggel, “Can Gene Editing Save the World’s Choco-
late?,” National Geographic, 5 Jan 2018: https://www.scientifi-
camerican.com/article/can-gene-editing-save-the-worlds-
chocolate/ .

91	 Innovature is a joint project of the Biotechnology Innovation 
Organization (BIO) and the American Seed Trade Association 
(ASTA). See Innovature, “Gene Editing Could Protect Your 
Favorite Foods,” 28 October 2020: https://innovature.com/
article/gene-editing-could-protect-your-favorite-foods . 

92	 Mars, position statement on Gene Editing, no date: https://
www.mars.com/about/policies-and-practices/gene-editing. 

93	 Carolyn Wilke, “Gene-Edited Soybean Oil Makes Restau-
rant Debut,” The Scientist, 13 Mar 2019: https://www.the-sci-
entist.com/news-opinion/gene-edited-soybean-oil-makes-
restaurant-debut-65590 .

94	 CBAN, Product Profile: GM Waxy Corn, Corteva, updated 12 
April 2021: https://cban.ca/wp-content/uploads/GM-Waxy-
Corn-Corteva-product-profile-CBAN.pdf .

95	 Anon., “‘CRISPR Tomatoes’ approved in Japan,” Testbio-
tech, 03 February 2021: https://www.testbiotech.org/en/
news/crispr-tomatoes-approved-japan .

96	 For example, University of Minnesota press release, “Calyxt 
Receives EU Patent on Use of CRISPR/Cas9 for Genome 
Editing in Plants,” 17 December 2018: https://research.
umn.edu/units/techcomm/news/calyxt-receives-eu-pat-
ent-use-crisprcas9-genome-editing-plants .

97	 K. Egelie, G. Graff, S. Strand and B. Johansen, “The emerg-
ing patent landscape of CRISPR–Cas gene editing technolo-
gy,” Nature Biotechnology, 34, 2016, pp. 1025–1031: https://doi.
org/10.1038/nbt.3692 . 

98	 According to ERS, the global patent portfolio is known as 
CVC; CVC stands for University of California, University of 
Vienna, and Emmanuelle Charpentier. The acronym de-
scribes the owners of what are commonly referred to as the 
UC Berkeley CRISPR patents. See ERS Genomics website: 
https://www.ersgenomics.com/faq/ . 

99	 See founders page on Pairwise’s website:: https://pairwise.
com/about-us/founders/ .

100	 Jon Cohen, “The latest round in the CRISPR patent bat-
tle has an apparent victor, but the fight continues,” Sci-
ence, 11 September 2020: https://www.sciencemag.org/
news/2020/09/latest-round-crispr-patent-battle-has-appar-
ent-victor-fight-continues. See also, Fiona Mischel, “Who 
Owns CRISPR in 2021? It’s Even More Complicated Than 
You Think,” Synbiobeta, 27 April 2021: https://www.synbio-
beta.com/read/who-owns-crispr-in-2021-its-even-more-
complicated-than-you-think .

101	 Elena Shao and Yash Pershad, “CRISPR Co-Inventor Jenni-
fer Doudna Talks Ethics and Biological Frontiers,” Stanford 
– McCoy Family Center for Ethics in Society, 25 January 
2019:  https://ethicsinsociety.stanford.edu/buzz-blog/cris-
pr-co-inventor-jennifer-doudna-talks-ethics-and-biolog-
ical-frontiers .

102	 Jon Cohen, “CRISPR, the revolutionary genetic ‘scissors,’ 
honored by Chemistry Nobel,” Science, 07 October 2020: 
https://www.sciencemag.org/news/2020/10/crispr-revolu-
tionary-genetic-scissors-honored-chemistry-nobel.

103	 Maywa Montenegro de Wit, “Democratizing CRISPR? Stories, 
practices, and politics of science and governance on the agri-
cultural gene editing frontier,” Elementa: Science of the Anthropo-
cene, 20 Feb 2020: https://doi.org/10.1525/elementa.405.

104	 IPStudies’ patent analytics are proprietary and pricey, but a 
summary is available here: https://www.ipstudies.ch/cris-
pr-patent-analytics/. A patent family is a collection of patent 
applications covering the same or similar technical content. 

105	 Christoph Then, Andreas Bauer-Panskus und Ruth Tippe, 
“New GE and food plants: The disruptive impact of patents 
on breeders, food production and society,” Testbiotech, 
June 2021: https://www.testbiotech.org/sites/default/files/
Patents_on%20new%20GE.pdf . 

106	 Christoph Then, Andreas Bauer-Panskus und Ruth Tippe, 
“New GE and food plants: The disruptive impact of patents 
on breeders, food production and society,” Testbiotech, 
June 2021: https://www.testbiotech.org/sites/default/files/
Patents_on%20new%20GE.pdf . 

107	 Christoph Then, Andreas Bauer-Panskus und Ruth Tippe, 
“New GE and food plants: The disruptive impact of patents 
on breeders, food production and society,” Testbiotech, 
June 2021: https://www.testbiotech.org/sites/default/files/
Patents_on%20new%20GE.pdf . 

108	 Anon., “Increasing number of patents on food plants and 
New GE,” TestBiotech, 25 June 2021: https://www.testbio-

https://www.oracle.com/ca-en/blockchain/what-is-blockchain/
https://www.oracle.com/ca-en/blockchain/what-is-blockchain/
https://www.technologyreview.com/2019/02/19/239592/once-hailed-as-unhackable-blockchains-are-now-getting-hacked/
https://www.technologyreview.com/2019/02/19/239592/once-hailed-as-unhackable-blockchains-are-now-getting-hacked/
https://www.technologyreview.com/2019/02/19/239592/once-hailed-as-unhackable-blockchains-are-now-getting-hacked/
https://blockapps.net/traceharvest/#faq
https://blockapps.net/traceharvest/#faq
https://cdn.farmjournal.com/2020-12/FarmJournal-ACAM2020Report-CarbonMarkets_0.pdf
https://cdn.farmjournal.com/2020-12/FarmJournal-ACAM2020Report-CarbonMarkets_0.pdf
https://regenfarming.news/articles/1126-companies-offering-carbon-based-payments-to-arable-farmers
https://regenfarming.news/articles/1126-companies-offering-carbon-based-payments-to-arable-farmers
https://regenfarming.news/articles/1126-companies-offering-carbon-based-payments-to-arable-farmers
http://digitaledition.qwinc.com/publication/?m=63835&i=687549&p=14&ver=html5
http://digitaledition.qwinc.com/publication/?m=63835&i=687549&p=14&ver=html5
https://www.prnewswire.com/news-releases/ecosystem-services-market-consortium-expands-with-eight-new-members-300861561.html
https://www.prnewswire.com/news-releases/ecosystem-services-market-consortium-expands-with-eight-new-members-300861561.html
https://www.prnewswire.com/news-releases/ecosystem-services-market-consortium-expands-with-eight-new-members-300861561.html
https://www.youtube.com/watch?v=O5Owa4doZ1I&t=1647s
https://www.youtube.com/watch?v=O5Owa4doZ1I&t=1647s
https://doi.org/10.1038/s43016-021-00297-7
https://doi.org/10.1038/s43016-021-00297-7
https://www.sciencemag.org/news/2019/07/feed-its-14-billion-china-bets-big-genome-editing-crops
https://www.sciencemag.org/news/2019/07/feed-its-14-billion-china-bets-big-genome-editing-crops
https://www.sciencemag.org/news/2019/07/feed-its-14-billion-china-bets-big-genome-editing-crops
https://www.gmwatch.org/en/106-news/latest-news/19535
https://www.gmwatch.org/en/106-news/latest-news/19535
https://doi.org/10.3390/su13126788
https://www.wired.com/story/gene-editing-food-climate-change/
https://www.wired.com/story/gene-editing-food-climate-change/
https://www.scientificamerican.com/article/can-gene-editing-save-the-worlds-chocolate/
https://www.scientificamerican.com/article/can-gene-editing-save-the-worlds-chocolate/
https://www.scientificamerican.com/article/can-gene-editing-save-the-worlds-chocolate/
https://innovature.com/article/gene-editing-could-protect-your-favorite-foods
https://innovature.com/article/gene-editing-could-protect-your-favorite-foods
https://www.mars.com/about/policies-and-practices/gene-editing
https://www.mars.com/about/policies-and-practices/gene-editing
https://www.the-scientist.com/news-opinion/gene-edited-soybean-oil-makes-restaurant-debut-65590
https://www.the-scientist.com/news-opinion/gene-edited-soybean-oil-makes-restaurant-debut-65590
https://www.the-scientist.com/news-opinion/gene-edited-soybean-oil-makes-restaurant-debut-65590
https://cban.ca/wp-content/uploads/GM-Waxy-Corn-Corteva-product-profile-CBAN.pdf
https://cban.ca/wp-content/uploads/GM-Waxy-Corn-Corteva-product-profile-CBAN.pdf
https://www.testbiotech.org/en/news/crispr-tomatoes-approved-japan
https://www.testbiotech.org/en/news/crispr-tomatoes-approved-japan
https://research.umn.edu/units/techcomm/news/calyxt-receives-eu-patent-use-crisprcas9-genome-editing-plants
https://research.umn.edu/units/techcomm/news/calyxt-receives-eu-patent-use-crisprcas9-genome-editing-plants
https://research.umn.edu/units/techcomm/news/calyxt-receives-eu-patent-use-crisprcas9-genome-editing-plants
https://doi.org/10.1038/nbt.3692
https://doi.org/10.1038/nbt.3692
https://www.ersgenomics.com/faq/
https://pairwise.com/about-us/founders/
https://pairwise.com/about-us/founders/
https://www.sciencemag.org/news/2020/09/latest-round-crispr-patent-battle-has-apparent-victor-fight-continues
https://www.sciencemag.org/news/2020/09/latest-round-crispr-patent-battle-has-apparent-victor-fight-continues
https://www.sciencemag.org/news/2020/09/latest-round-crispr-patent-battle-has-apparent-victor-fight-continues
https://www.synbiobeta.com/read/who-owns-crispr-in-2021-its-even-more-complicated-than-you-think
https://www.synbiobeta.com/read/who-owns-crispr-in-2021-its-even-more-complicated-than-you-think
https://www.synbiobeta.com/read/who-owns-crispr-in-2021-its-even-more-complicated-than-you-think
https://ethicsinsociety.stanford.edu/buzz-blog/crispr-co-inventor-jennifer-doudna-talks-ethics-and-biological-frontiers
https://ethicsinsociety.stanford.edu/buzz-blog/crispr-co-inventor-jennifer-doudna-talks-ethics-and-biological-frontiers
https://ethicsinsociety.stanford.edu/buzz-blog/crispr-co-inventor-jennifer-doudna-talks-ethics-and-biological-frontiers
https://doi.org/10.1525/elementa.405
https://www.ipstudies.ch/crispr-patent-analytics/
https://www.ipstudies.ch/crispr-patent-analytics/
https://www.testbiotech.org/sites/default/files/Patents_on%20new%20GE.pdf
https://www.testbiotech.org/sites/default/files/Patents_on%20new%20GE.pdf
https://www.testbiotech.org/sites/default/files/Patents_on%20new%20GE.pdf
https://www.testbiotech.org/sites/default/files/Patents_on%20new%20GE.pdf
https://www.testbiotech.org/sites/default/files/Patents_on%20new%20GE.pdf
https://www.testbiotech.org/sites/default/files/Patents_on%20new%20GE.pdf
https://www.testbiotech.org/en/news/increasing-number-patents-food-plants-and-new-ge


| 29 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

tech.org/en/news/increasing-number-patents-food-plants-
and-new-ge .

109	 Corteva, “How is a plant developed with CRISPR genome 
editing different from a GMO (genetically modified organ-
ism)?,” CRISPR FAQs: https://crispr.corteva.com/faqs-cris-
pr-cas-corteva-agriscience/ .

110	 Corteva, “What is CRISPR?,” CRISPR FAQs: https://crispr.
corteva.com/faqs-crispr-cas-corteva-agriscience/ .

111	 The estimate comes from Dun & Bradstreet, derived from 
modelling: https://www.dnb.com/business-directory/compa-
ny-profiles.agbiome_inc.1002a588c9bf60799359dc33ac041352.
html#company-info .

112	 Frank Vinluan, “New partnerships driving more growth 
for emerging Triangle agtech firm Agbiome,” NC Bio-
tech Center, 06 April 2021: https://www.wraltechwire.
com/2021/04/06/new-partnerships-driving-more-growth-
for-emerging-triangle-agtech-firm-agbiome/ .

113	 Inari news release, “Inari Raises Over $200 Million to Un-
lock the Full Potential of Seed,” 12 May 2021: https://www.
prnewswire.com/news-releases/inari-raises-over-200-mil-
lion-to-unlock-the-full-potential-of-seed-301289170.html. 
See also, Chris Janiec, “Inari adds $208m for seed technolo-
gy expansion” AgriInvestor, 20 May 2021: https://www.agri-
investor.com/inari-adds-208m-for-seed-technology-expan-
sion/ .

114	 See Inari news releases: https://inari.com/news .
115	 See https://www.crunchbase.com/organization/cibus .
116	 See Cibus news releases: https://www.cibus.com/press-re-

leases.php .
117	 Calyxt news release, “Calyxt Reports Fourth Quarter and 

Full Year 2020 Financial Results, Fiscal Year 2020 Financial 
Highlights,” 04 March 2021: https://d1io3yog0oux5.cloud-
front.net/_9f3e63a87900a44184f0fc7b540483b8/calyxt/
news/2021-03-04_Calyxt_Reports_Fourth_Quarter_and_
Full_Year_2020_112.pdf .

118	 Ned Pagliarulo, “Caribou raises $304M in one of gene ed-
iting’s most lucrative IPOs,” Biopharmadive: https://www.
biopharmadive.com/news/caribou-ipo-crispr-gene-edit-
ing/603855/. Sales/revenue figure not available. The total 
assets of Caribou Biosciences in 2020 amounted to ~36 
million USD. The SEC filings of Caribou Biosciences states, 
“We have incurred significant net operating losses since our 
inception and anticipate that we will incur continued losses 
for the foreseeable future”: https://www.sec.gov/Archives/
edgar/data/0001619856/000119312521206262/d145328ds1.
htm#fin145328_3 .

119	 Daniel Grushkin, “DuPont in CRISPR-Cas patent land grab,” 
Nature Biotechnology, Vol. 34, Number 1, January 2016, p. 13:  
https://www.nature.com/articles/nbt0116-13.pdf?origin=p-
pub. See Caribou news release for joint research on off-target 
effects, “Caribou Biosciences and DuPont Pioneer Develop 
New Method to Comprehensively Map the Off-Target Ac-
tivity of CRISPR-Cas9 Across Entire Genomes,” 01 May 2017: 
https://investor.cariboubio.com/news-releases/news-re-
lease-details/caribou-biosciences-and-dupont-pioneer-devel-
op-new-method .

120	 See ERS Genomics news release: https://www.ersgenom-
ics.com/wp-content/uploads/2021/03/ers-3-2-21.pdf .

121	 Arcadia Biosciences 2020 Annual Report, Form 10-K, p. 45: 
https://www.annualreports.com/HostedData/AnnualRe-
portArchive/a/NASDAQ_RKDA_2020.pdf. For business 
overview, see pp. 2-3.  

122	 Arcadia Biosciences 2020 Annual Report, Form 10-K, p. 10: 
https://www.annualreports.com/HostedData/AnnualRe-
portArchive/a/NASDAQ_RKDA_2020.pdf . 

123	 Anonymous, “Pairwise announces closing of $90M Series B 
funding round,” SeedWorld, 04 February 2021: https://seed-
world.com/pairwise-announces-closing-of-90m-series-b-
funding-round/ .

124	 The revenue estimate comes from Dun & Bradstreet, de-
rived from modelling, no date; see https://www.dnb.com/
business-directory/company-profiles.pairwise_plants_ser-
vices_inc.a9b1bcea075866b3a785caccbf80bc21.html#com-
pany-info (subscription required).

125	 “Tropic Biosciences raises $10m Series A for Tropical CRISPR 
Tech,” Agropages, 15 June 2018: http://news.agropages.com/
News/NewsDetail---26627.htm. See also, Tropic Bioscienc-
es news release, “Tropic Biosciences raises $28.5 million Se-
ries B financing to transform the massive tropical agriculture 
industry” 04 June 2020: https://www.tropicbioscience.
com/copy-of-round-a .

126	 A Special Purpose Acquisition Company (SPAC) is one that 
has no commercial operations of its own, but acquires oth-
er companies in order to raise equity for IPOs. See Amrith 
Ramkumar, “Plant-Tech Firm Benson Hill Going Public in 
$2 Billion SPAC Merger”, Wall Street Journal, 09 May 2021: 
https://www.wsj.com/articles/plant-tech-firm-benson-hill-
going-public-in-2-billion-spac-merger-11620601200 .

127	 Benson Hill Biosystems news release, “Benson Hill Raises 
$150 Million In Series D Funding Round to Accelerate the 
Pace of Food Innovation on a Global Scale,” 29 October 
2020: https://bensonhill.com/2020/10/29/benson-hill-rais-
es-150-million-in-series-d-funding-round-to-accelerate-the-
pace-of-food-innovation-on-a-global-scale/. See all equity 
raised in 11 funding rounds on Crunchbase: https://www.
crunchbase.com/organization/benson-hill-biosystems/
company_financials .

128	 Benson Hill news release, “Benson Hill Announces Second 
Quarter 2021 Financial Results,” 10 August 2021: https://
www.prnewswire.com/news-releases/benson-hill-an-
nounces-second-quarter-2021-financial-results-301351744.
html .

129	 Precision announced in January 2021 that it intends to spin 
out Elo Life Systems; see Precision Biosciences annual re-
port, Form 10-K, 2020, p. 2: https://investor.precision-
biosciences.com/static-files/ba8ea361-bc37-4db9-9611-
048a593cdd75 .

130	 See Elo Life website: https://elolife.ag/pipeline/#; see also 
parent company annual report, Form 10-K, 2020: https://
investor.precisionbiosciences.com/static-files/a0d6ba14-
a8ae-4b9c-82f3-877975e044e6 .

131	 “Collaborative projects” with BASF, Bayer and DuPont Pi-
oneer (Corteva) are mentioned in Precision Biosciences’ 
annual report, without elaboration. See Form 10-K, 2020, p. 
22: https://investor.precisionbiosciences.com/static-files/
a0d6ba14-a8ae-4b9c-82f3-877975e044e6 .

132	 See Sanatech Seed news release, “Gene-edited Tomato “Si-
cilian Rouge High GABA” Seedling Distribution and Com-
mercial Plan,” 27 April 2021: https://sanatech-seed.com/
en/210427-2/ .

133	 See Yield10 Bioscience web site, “CRISPR-Cas9 Genome Ed-
iting to Increase Crops Yields,” no date: https://www.yield-
10bio.com/crispr-gene-editing .

134	 Yield10 Bioscience annual report, Form 10-K: https://ir.yield-
10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d-
8c43c8 , p. F-4.

https://www.testbiotech.org/en/news/increasing-number-patents-food-plants-and-new-ge
https://www.testbiotech.org/en/news/increasing-number-patents-food-plants-and-new-ge
https://crispr.corteva.com/faqs-crispr-cas-corteva-agriscience/
https://crispr.corteva.com/faqs-crispr-cas-corteva-agriscience/
https://crispr.corteva.com/faqs-crispr-cas-corteva-agriscience/
https://crispr.corteva.com/faqs-crispr-cas-corteva-agriscience/
https://www.dnb.com/business-directory/company-profiles.agbiome_inc.1002a588c9bf60799359dc33ac041352.html#company-info
https://www.dnb.com/business-directory/company-profiles.agbiome_inc.1002a588c9bf60799359dc33ac041352.html#company-info
https://www.dnb.com/business-directory/company-profiles.agbiome_inc.1002a588c9bf60799359dc33ac041352.html#company-info
https://www.wraltechwire.com/2021/04/06/new-partnerships-driving-more-growth-for-emerging-triangle-agtech-firm-agbiome/
https://www.wraltechwire.com/2021/04/06/new-partnerships-driving-more-growth-for-emerging-triangle-agtech-firm-agbiome/
https://www.wraltechwire.com/2021/04/06/new-partnerships-driving-more-growth-for-emerging-triangle-agtech-firm-agbiome/
https://www.prnewswire.com/news-releases/inari-raises-over-200-million-to-unlock-the-full-potential-of-seed-301289170.html
https://www.prnewswire.com/news-releases/inari-raises-over-200-million-to-unlock-the-full-potential-of-seed-301289170.html
https://www.prnewswire.com/news-releases/inari-raises-over-200-million-to-unlock-the-full-potential-of-seed-301289170.html
https://www.agriinvestor.com/inari-adds-208m-for-seed-technology-expansion/
https://www.agriinvestor.com/inari-adds-208m-for-seed-technology-expansion/
https://www.agriinvestor.com/inari-adds-208m-for-seed-technology-expansion/
https://inari.com/news
https://www.crunchbase.com/organization/cibus
https://www.cibus.com/press-releases.php
https://www.cibus.com/press-releases.php
https://d1io3yog0oux5.cloudfront.net/_9f3e63a87900a44184f0fc7b540483b8/calyxt/news/2021-03-04_Calyxt_Reports_Fourth_Quarter_and_Full_Year_2020_112.pdf
https://d1io3yog0oux5.cloudfront.net/_9f3e63a87900a44184f0fc7b540483b8/calyxt/news/2021-03-04_Calyxt_Reports_Fourth_Quarter_and_Full_Year_2020_112.pdf
https://d1io3yog0oux5.cloudfront.net/_9f3e63a87900a44184f0fc7b540483b8/calyxt/news/2021-03-04_Calyxt_Reports_Fourth_Quarter_and_Full_Year_2020_112.pdf
https://d1io3yog0oux5.cloudfront.net/_9f3e63a87900a44184f0fc7b540483b8/calyxt/news/2021-03-04_Calyxt_Reports_Fourth_Quarter_and_Full_Year_2020_112.pdf
https://www.biopharmadive.com/news/caribou-ipo-crispr-gene-editing/603855/
https://www.biopharmadive.com/news/caribou-ipo-crispr-gene-editing/603855/
https://www.biopharmadive.com/news/caribou-ipo-crispr-gene-editing/603855/
https://www.sec.gov/Archives/edgar/data/0001619856/000119312521206262/d145328ds1.htm#fin145328_3
https://www.sec.gov/Archives/edgar/data/0001619856/000119312521206262/d145328ds1.htm#fin145328_3
https://www.sec.gov/Archives/edgar/data/0001619856/000119312521206262/d145328ds1.htm#fin145328_3
https://www.nature.com/articles/nbt0116-13.pdf?origin=ppub
https://www.nature.com/articles/nbt0116-13.pdf?origin=ppub
https://investor.cariboubio.com/news-releases/news-release-details/caribou-biosciences-and-dupont-pioneer-develop-new-method
https://investor.cariboubio.com/news-releases/news-release-details/caribou-biosciences-and-dupont-pioneer-develop-new-method
https://investor.cariboubio.com/news-releases/news-release-details/caribou-biosciences-and-dupont-pioneer-develop-new-method
https://www.ersgenomics.com/wp-content/uploads/2021/03/ers-3-2-21.pdf
https://www.ersgenomics.com/wp-content/uploads/2021/03/ers-3-2-21.pdf
https://www.annualreports.com/HostedData/AnnualReportArchive/a/NASDAQ_RKDA_2020.pdf
https://www.annualreports.com/HostedData/AnnualReportArchive/a/NASDAQ_RKDA_2020.pdf
https://www.annualreports.com/HostedData/AnnualReportArchive/a/NASDAQ_RKDA_2020.pdf
https://www.annualreports.com/HostedData/AnnualReportArchive/a/NASDAQ_RKDA_2020.pdf
https://seedworld.com/pairwise-announces-closing-of-90m-series-b-funding-round/
https://seedworld.com/pairwise-announces-closing-of-90m-series-b-funding-round/
https://seedworld.com/pairwise-announces-closing-of-90m-series-b-funding-round/
https://www.dnb.com/business-directory/company-profiles.pairwise_plants_services_inc.a9b1bcea075866b3a785caccbf80bc21.html#company-info
https://www.dnb.com/business-directory/company-profiles.pairwise_plants_services_inc.a9b1bcea075866b3a785caccbf80bc21.html#company-info
https://www.dnb.com/business-directory/company-profiles.pairwise_plants_services_inc.a9b1bcea075866b3a785caccbf80bc21.html#company-info
https://www.dnb.com/business-directory/company-profiles.pairwise_plants_services_inc.a9b1bcea075866b3a785caccbf80bc21.html#company-info
http://news.agropages.com/News/NewsDetail---26627.htm
http://news.agropages.com/News/NewsDetail---26627.htm
https://www.tropicbioscience.com/copy-of-round-a
https://www.tropicbioscience.com/copy-of-round-a
https://www.wsj.com/articles/plant-tech-firm-benson-hill-going-public-in-2-billion-spac-merger-11620601200
https://www.wsj.com/articles/plant-tech-firm-benson-hill-going-public-in-2-billion-spac-merger-11620601200
https://bensonhill.com/2020/10/29/benson-hill-raises-150-million-in-series-d-funding-round-to-accelerate-the-pace-of-food-innovation-on-a-global-scale/
https://bensonhill.com/2020/10/29/benson-hill-raises-150-million-in-series-d-funding-round-to-accelerate-the-pace-of-food-innovation-on-a-global-scale/
https://bensonhill.com/2020/10/29/benson-hill-raises-150-million-in-series-d-funding-round-to-accelerate-the-pace-of-food-innovation-on-a-global-scale/
https://www.crunchbase.com/organization/benson-hill-biosystems/company_financials
https://www.crunchbase.com/organization/benson-hill-biosystems/company_financials
https://www.crunchbase.com/organization/benson-hill-biosystems/company_financials
https://www.prnewswire.com/news-releases/benson-hill-announces-second-quarter-2021-financial-results-301351744.html
https://www.prnewswire.com/news-releases/benson-hill-announces-second-quarter-2021-financial-results-301351744.html
https://www.prnewswire.com/news-releases/benson-hill-announces-second-quarter-2021-financial-results-301351744.html
https://www.prnewswire.com/news-releases/benson-hill-announces-second-quarter-2021-financial-results-301351744.html
https://investor.precisionbiosciences.com/static-files/ba8ea361-bc37-4db9-9611-048a593cdd75
https://investor.precisionbiosciences.com/static-files/ba8ea361-bc37-4db9-9611-048a593cdd75
https://investor.precisionbiosciences.com/static-files/ba8ea361-bc37-4db9-9611-048a593cdd75
https://investor.precisionbiosciences.com/static-files/a0d6ba14-a8ae-4b9c-82f3-877975e044e6
https://investor.precisionbiosciences.com/static-files/a0d6ba14-a8ae-4b9c-82f3-877975e044e6
https://investor.precisionbiosciences.com/static-files/a0d6ba14-a8ae-4b9c-82f3-877975e044e6
https://investor.precisionbiosciences.com/static-files/a0d6ba14-a8ae-4b9c-82f3-877975e044e6
https://investor.precisionbiosciences.com/static-files/a0d6ba14-a8ae-4b9c-82f3-877975e044e6
https://sanatech-seed.com/en/210427-2/
https://sanatech-seed.com/en/210427-2/
https://www.yield10bio.com/crispr-gene-editing
https://www.yield10bio.com/crispr-gene-editing
https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8
https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8
https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8


| 30 |

Research by ETC Group, September 2022 - Full report with citations is available here: https://www.etcgroup.org/content/food-barons-2022

135	 Yield10 Bioscience annual report, Form 10-K: https://ir.yield-
10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d-
8c43c8 , pp. 8-9.

136	 Yield10 Bioscience annual report, Form 10-K: https://ir.yield-
10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d-
8c43c8 , p. 21.

137	 D.R. Gordon, G. Jaffe, M. Doane et al., “Responsible gover-
nance of gene editing in agriculture and the environment,” 
Nature Biotechnology, 11 Aug 2021: https://www.nature.com/
articles/s41587-021-01023-1. 

138	 Steve Davies, “Lawsuit Challenges Trump-Era Overhaul of 
USDA’s Biotech Regulation,” Agri-Pulse, 26 July 2021: https://
www.agri-pulse.com/articles/16221-lawsuit-challenges-
trump-rule-on-biotech-plants .

139	 Anonymous, “Derailing EU rules on new GMOs,” Corpo-
rate Europe Observatory, 29 March 2021: https://corpora-
teeurope.org/en/2021/03/derailing-eu-rules-new-gmos .

140	 Claire Robinson, “Researchers call for greater awareness 
of unintended consequences of CRISPR gene editing,” 
GM Watch, 13 April 2021: https://www.gmwatch.org/en/
news/latest-news/19756-researchers-call-for-greater-aware-
ness-of-unintended-consequences-of-crispr-gene-editing. 

141	 Janet Cotter, Katharina Kawall, Christoph Then, New genetic en-
gineering technologies, Risk Assessment of Genetically Engineered 
Organisms in the EU and Switzerland, January 2020: https://
www.testbiotech.org/sites/default/files/RAGES_report-%20
new%20genetic%20engineering%20techniques.pdf .

142	 Janet Cotter and Dana Perls, “Genome Editing in Food and 
Farming: Risks and Unexpected Consequences,” updated 
and published by Canadian Biotechnology Action Group, 
Logos Environmental and Friends of the Earth, June 2020: 
https://cban.ca/wp-content/uploads/Genome-Editing-Re-
port-2020.pdf .

143	 Matthew Bramletta, Geert Plaetincka, Peter Maienfisch, 
RNA-Based Biocontrols—A New Paradigm in Crop Protec-
tion, Engineering, Volume 6, Issue 5, May 2020, Pages 522-
527. https://doi.org/10.1016/j.eng.2019.09.008.

144	 Friends of the Earth (FOE), Gene-Silencing Pesticides: Risks 
and Concerns, October 2020. https://foe.org/resources/
gene-silencing-pesticides-risks-and-concerns/ .

145	 Greenlight Biosciences, n. d.: https://www.greenlightbio-
sciences.com/in-the-pipeline-colorado-potato-beetle/ ..

146	 Andrew Fire and Craig Mello first  published their discov-
ery of the RNAi mechanism in 1998 and received the Nobel 
Prize for this discovery in 2006. https://www.nobelprize.
org/prizes/medicine/2006/press-release/ .

147	 Leah Shaffner, “Inner Workings: RNA-based pesticides 
aim to get around resistance problems,” PNAS, Decem-
ber 29, 2020. vol. 117 no. 5. https://www.pnas.org/con-
tent/117/52/32823 .

148	 Jim Lane, “Biobased smart bombs for pests: two new stra-
tegic investments in biopesticides from TechAccel,” Biofuels 
Digest, Feb 6, 2019. https://www.biofuelsdigest.com/bdi-
gest/2019/02/06/biobased-smart-bombs-for-pests-two-new-
strategic-investments-in-biopesticides-from-techaccel/.

149	 For example, GM papaya uses RNAi that defends against 
the ringspot virus; potatoes and apples that are engineered 
not to brown because RNAi is used to silence the gene for 
browning. 

150	 Bayer’s third generation “SmartStax” will be loaded with 
multiple engineered traits, including RNAi and Bt toxins. 
Bayer News Release, “Bayer’s Third Generation Corn Root-
worm Trait Gains Final Approval; SmartStax® PRO Tech-
nology to Launch in US in 2022,” January 21, 2021: https://
www.bayer.com/en/us/smartstaxr-pro-technology-launch.

151	 Eric L. Patterson, Christopher Saski, Anita Küpper, Roland 
Beffa, and Todd A. Gaines, “Omics Potential in Herbi-
cide-Resistant Weed Management,” Plants (Basel), De-
cember 2019. 10.3390/plants8120607. See also: Friends of 
the Earth (FOE), Gene-Silencing Pesticides: Risks and Con-
cerns, October 2020. https://foe.org/resources/gene-si-
lencing-pesticides-risks-and-concerns/ .

152	 Estonian Research Council, “Breakthrough in plant protec-
tion: RNAi pesticides affect only one pest species,” 12 April 
2021: https://phys.org/news/2021-04-breakthrough-rnai-
pesticides-affect-pest.html.

153	 Anon., “Debugging. A new approach,” The Economist, 
Vol. 439, Iss. 9246, 22 May 2021, pp. 71-72.

154	 Summary of Discussions From the 2019 OECD Conference 
on RNAi Based Pesticides, Frontiers in Plant Science, 29 May 
2020: https://doi.org/10.3389/fpls.2020.00740.

155	 Friends of the Earth (FOE), “Gene-Silencing Pesticides: Risks 
and Concerns,” October 2020. https://foe.org/resources/
gene-silencing-pesticides-risks-and-concerns/ .

156	 Friends of the Earth (FOE), “Gene-Silencing Pesticides: Risks 
and Concerns,” October 2020. https://foe.org/resources/
gene-silencing-pesticides-risks-and-concerns/ .

157	 See, for example, Jack Heinemann, “Should dsRNA treat-
ments applied in outdoor environments be regulated?” En-
vironment International, 132, 104856: https://doi.org/10.1016/j.
envint.2019.05.050 . 

158	 Antonio Regalado, “The Next Great GMO Debate,” Technol-
ogy Review, 11 August 2015: https://www.technologyreview.
com/2015/08/11/166550/the-next-great-gmo-debate/ .

159	 Friends of the Earth (FOE), “Gene-Silencing Pesticides: Risks 
and Concerns,” October 2020. https://foe.org/resources/
gene-silencing-pesticides-risks-and-concerns/ .

160	 Leah Shaffner, “Inner Workings: RNA-based pesticides 
aim to get around resistance problems,” PNAS, 29 De-
cember 2020, vol. 117 no. 5: https://www.pnas.org/con-
tent/117/52/32823 .

161	 Shuo Yan, Binyuan Ren, Bo Zeng, and Jie Shen, “Improv-
ing RNAi efficiency for pest control in crop species,” Bio-
techniques, May 2020: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC7252490/ . 

162	 Leah Shaffner, “Inner Workings: RNA-based pesticides 
aim to get around resistance problems,” PNAS, 29 De-
cember 2020, vol. 117 no. 5: https://www.pnas.org/con-
tent/117/52/32823. 

163	 Shuo Yan, Binyuan Ren, Bo Zeng, and Jie Shen, “Improv-
ing RNAi efficiency for pest control in crop species,” Bio-
techniques, May 2020: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC7252490/ .

164	 Greenlight Biosciences, n. d.: https://www.greenlightbio-
sciences.com/in-the-pipeline-colorado-potato-beetle/  .

https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8
https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8
https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8
https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8
https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8
https://ir.yield10bio.com/static-files/ec20c12d-7471-40fe-b8c4-c4103d8c43c8
https://www.nature.com/articles/s41587-021-01023-1
https://www.nature.com/articles/s41587-021-01023-1
https://www.agri-pulse.com/articles/16221-lawsuit-challenges-trump-rule-on-biotech-plants
https://www.agri-pulse.com/articles/16221-lawsuit-challenges-trump-rule-on-biotech-plants
https://www.agri-pulse.com/articles/16221-lawsuit-challenges-trump-rule-on-biotech-plants
https://corporateeurope.org/en/2021/03/derailing-eu-rules-new-gmos
https://corporateeurope.org/en/2021/03/derailing-eu-rules-new-gmos
https://www.gmwatch.org/en/news/latest-news/19756-researchers-call-for-greater-awareness-of-unintended-consequences-of-crispr-gene-editing
https://www.gmwatch.org/en/news/latest-news/19756-researchers-call-for-greater-awareness-of-unintended-consequences-of-crispr-gene-editing
https://www.gmwatch.org/en/news/latest-news/19756-researchers-call-for-greater-awareness-of-unintended-consequences-of-crispr-gene-editing
https://www.testbiotech.org/sites/default/files/RAGES_report-%20new%20genetic%20engineering%20techniques.pdf
https://www.testbiotech.org/sites/default/files/RAGES_report-%20new%20genetic%20engineering%20techniques.pdf
https://www.testbiotech.org/sites/default/files/RAGES_report-%20new%20genetic%20engineering%20techniques.pdf
https://cban.ca/wp-content/uploads/Genome-Editing-Report-2020.pdf
https://cban.ca/wp-content/uploads/Genome-Editing-Report-2020.pdf
https://doi.org/10.1016/j.eng.2019.09.008
https://doi.org/10.1016/j.eng.2019.09.008
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://www.greenlightbiosciences.com/in-the-pipeline-colorado-potato-beetle/
https://www.greenlightbiosciences.com/in-the-pipeline-colorado-potato-beetle/
https://www.nobelprize.org/prizes/medicine/2006/press-release/
https://www.nobelprize.org/prizes/medicine/2006/press-release/
https://www.pnas.org/content/117/52/32823
https://www.pnas.org/content/117/52/32823
https://www.biofuelsdigest.com/bdigest/2019/02/06/biobased-smart-bombs-for-pests-two-new-strategic-investments-in-biopesticides-from-techaccel/
https://www.biofuelsdigest.com/bdigest/2019/02/06/biobased-smart-bombs-for-pests-two-new-strategic-investments-in-biopesticides-from-techaccel/
https://www.biofuelsdigest.com/bdigest/2019/02/06/biobased-smart-bombs-for-pests-two-new-strategic-investments-in-biopesticides-from-techaccel/
https://www.bayer.com/en/us/smartstaxr-pro-technology-launch
https://www.bayer.com/en/us/smartstaxr-pro-technology-launch
https://dx.doi.org/10.3390%2Fplants8120607
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://phys.org/news/2021-04-breakthrough-rnai-pesticides-affect-pest.html
https://phys.org/news/2021-04-breakthrough-rnai-pesticides-affect-pest.html
https://doi.org/10.3389/fpls.2020.00740
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://doi.org/10.1016/j.envint.2019.05.050
https://doi.org/10.1016/j.envint.2019.05.050
https://www.technologyreview.com/2015/08/11/166550/the-next-great-gmo-debate/
https://www.technologyreview.com/2015/08/11/166550/the-next-great-gmo-debate/
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://foe.org/resources/gene-silencing-pesticides-risks-and-concerns/
https://www.pnas.org/content/117/52/32823
https://www.pnas.org/content/117/52/32823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252490/
https://www.pnas.org/content/117/52/32823
https://www.pnas.org/content/117/52/32823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252490/
https://www.greenlightbiosciences.com/in-the-pipeline-colorado-potato-beetle/
https://www.greenlightbiosciences.com/in-the-pipeline-colorado-potato-beetle/

