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Eleven

Who Owns the Seed?
Raoul

I finish work at the farm at 1:30 pm, pick a few vegetables, hop in my car, 
and head home for lunch. As I  turn into our gravel driveway, the car tires 
crackle, and my stomach growls. I have not eaten anything since breakfast, and 
I’m hungry. I gather my tea mug and a bag with kale and tomatoes, grab my 
sweater, and head to the mailbox.

I check the mail every day with a sense of anticipation, hoping for checks 
and invitations but receiving bills, catalogs, and PennySaver mailers instead. 
The selection today is mostly junk: a credit card offer, a local coupon book, 
catalogs, and— wait a second— jackpot! Here is something even better than 
checks or invitations: this year’s new Johnny’s Selected Seeds catalog.

Stuffing the mail under my arm, I head into the house and dump everything 
on the island in the kitchen. Moments later, I find myself sitting in a comfort-
able chair in the living room with the Johnny’s seed catalog. All thoughts of 
food have vanished, and I am not aware of how I got here. My brain has shifted 
all its attention to the seeds, the plants, and their traits.

Johnny’s Selected Seeds is my source for most of the vegetable seeds for my 
various organic farming operations. I like Johnny’s. The owners cater to organic 
vegetable farms of all sizes. They sell a lot of seed from other companies and 
also have developed some of their own varieties. The company’s focus seems to 
be on the more innovative varieties that are early, uniform, and disease resist-
ant. Years of plant breeding research go into developing a new variety. I  see 
from the prices of the hottest varieties that the seed companies that developed 
them are trying to make back their investment and then some. This seems fair 
because companies need to make a profit to stay in business, and I wonder how 
they protect their varieties from being copied by other companies, farmers, or 
seed savers. I also wonder if I can afford to buy the seed.

 

 



Ownership186

      

Johnny’s owners, Rob Johnston and Janika Eckert, are featured on the cata-
log cover holding a basket full of long, red peppers. It’s unusual to picture 
the owners on the cover of a seed catalog because the vegetables are the stars. 
Perhaps this is an effort to show how these two are accessible and proud of their 
product, but it also looks like they are there to protect their latest variety from 
anyone who might want to steal their seed.

As I browse methodically through the catalog, I cannot help noticing that 
most of the new varieties are hybrids— pricey hybrids. A hybrid is the offspring 
from parent plants of the same species but different varieties; the resulting off-
spring carry one half of the genes from each parent. It sounds simple, but the 
process of hybridization takes time and effort. A breeder starts by creating two 
inbred parent lines over many years. To do this, the breeder allows each plant 
to self- pollinate for many generations until the plant attains genetic uniformity 
and does not segregate for new traits in the next generation. The breeder then 
cross- pollinates plants from these inbred lines by placing the pollen (i.e., male 
gamete) from the parent of one line onto the pistil (i.e., the part carrying the 
female gamete) from the parent of the other line (see Box 4.1 in Chapter 4). 
For some reason that is not entirely clear, in some plants, the cross- pollination 
of inbred parents results in offspring with hybrid vigor, which typically means 
higher yield. Unfortunately, if the farmer replants seeds that the hybrid itself 
produces, the plants that grow from these seeds are not the same as the hybrid 
parent— they do not breed true. Instead, the offspring plants include a varied 
assortment of types because each of the new seedlings inherits an unpredictable 
mix of genes from the hybrid parent. From the seed company’s point of view, 
this is great. Each year, the hybrid seeds have to be created anew by the seed 
company. They are expensive for that reason, but most organic growers buy 
them because the hybrid vigor, uniformity, disease resistance, yield, and some-
times taste are deemed to be worth the extra cost. Most farmers are unwilling 
to create their own inbred lines by cross- pollination each year. Few have the 
time to be both a breeder and a farmer. In any case, Johnny’s sells many won-
derful hybrids: Packman broccoli, Nelson carrots, Ambrosia melons, Big Beef 
tomatoes. These are my favorites, but the list goes on and on.

G. H. Shull created the first documented, intentional hybrid in field corn 
in 1909 at Cold Spring Harbor, New York. I do not know whether Mr. Shull 
realized what he had done for the seed industry. From his writings, it seems he 
knew that making hybrid seed would be more expensive because it took more 
time, but he was not sure whether the increase in yield would cover the extra 
cost of the seed.1
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It took a while for the idea of hybridization to gain popularity. At first, it 
was viewed as impractical and too complex, and farmers resented having to 
buy new seed each year. In 1930, only 1% of the corn crop consisted of hybrid 
varieties. After several years of drought, however, when hybrids responded 
better than the traditional varieties, their use rapidly increased. By 1940, 
30% of US corn was hybrid. By 1970, hybrids accounted for 96% of the US 
corn crop.2

Today, farmers can buy hybrid seed for popular vegetable crops such as 
tomatoes, broccoli, melons, peppers, and sweet corn. With the ascent of 
hybrids, seed companies control the supply of the most widely used varieties, 
and the seed is much more expensive, albeit commensurately higher yielding, 
than other types of seed (see Box 4.1 in Chapter 4). In 1920, corn yields were 
approximately 20 bushels per acre. Today, growers of hybrid corn harvest more 
than 170 bushels per acre.3 In a 2014 corn- growing competition, more than 500 
bushels per acre were harvested.4

Many of the seed companies producing hybrids are large corporations. 
Similar to the trend in the organic food industry, corporations have been buy-
ing seed companies. In January 2005, Monsanto bought Seminis, which had 
previously purchased Peto Seed and Asgrow Seed. Monsanto now competes for 
a large segment of the US vegetable seed market. The company that developed 
genetically engineered corn, cotton, and soybeans now also controls many of 
the hybrid vegetable varieties organic growers like to grow.

Not all the varieties in the catalog are hybrids. When a parent plant is fertil-
ized by another plant of the same genetically stable population, it is called open 
pollination (OP). The offspring of these parents have traits that very closely 
resemble those of the parents, and seed can be saved from one generation to 
the next. Before the invention of hybrids, farmers planted open- pollinated 
varieties, selected the best, and saved seed from them to plant the next season. 
Through selection, farmers could direct the evolution of plants for their own 
ends. An example is tomatoes, which are naturally self- pollinating with a low 
percentage of out- crossing. The farmer plants a particular variety, then chooses 
the largest, crack- free, and tastiest ones and saves the seeds. As the farmer con-
tinues to select for these chosen traits, the genetic mix of the tomatoes becomes 
slightly more uniform each year. After many generations, the tomatoes may 
become a little larger, have fewer cracks, and taste better, but these improve-
ments are limited. If a particular variety only has genes to produce a 5- ounce 
fruit, the tomato is not going to get much bigger than that unless there is a 
genetic variant somewhere in the population.
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Plant breeders trying to improve a particular open- pollinated variety cross- 
fertilize it with other varieties within the same species that may have useful 
traits. After the cross is made and the plant produces seed, the breeder plants 
the seed and selects for plants that contain the desired trait. The breeder then 
tries to stabilize the selection so that it breeds true in succeeding generations. 
The process takes years. At the student farm, we are part of the Organic Seed 
Partnership, which is funded by the US Department of Agriculture. The 
group’s goal is to develop vegetable varieties that are well adapted to organic 
production. Some of the varieties we are testing on the farm are ones that 
university plant breeders, particularly Molly Jahn, Professor of Plant Breeding 
from Cornell University, have created through crosses. When I  asked Matt 
Falise, a vegetable breeder in the Department of Plant Breeding and Genetics 
at Cornell, who helps organize the OSP, how long it takes to develop a new 
open- pollinated variety, he estimated about 8 years. Molly suggests it could 
take between 3 and 30 years.

Anyone can save seeds from open- pollinated plants, and many companies, 
organizations, and home gardeners do just that. Groups such as Seed Savers 
Exchange specialize in saving open- pollinated varieties that may have been 
passed down by somebody’s grandmother or discontinued by a seed company 
because another variety was developed that was considered an improvement. 
Many of these older varieties are called heirlooms.

I continue browsing through the catalog and get stuck on the heirloom 
tomato page. The heirlooms most commonly grown around here are toma-
toes. Johnny’s offers quite a few, including Brandywine, Striped German, 
Cherokee Purple, and Pruden’s Purple. These heirloom varieties usually taste 
better or are more exotic looking than the hybrid red slicers, but they soften 
easily, are lower yielding, crack readily, and are susceptible to many diseases. 
Local organic growers like to grow the heirloom varieties because they sell at 
$20 to $30 for a 10- pound box, compared with $15 to $25 for 20 pounds of 
hybrid red slicers.

The most popular heirlooms, such as the Brandywine tomato (which many 
consider the best tasting), are offered by almost all of the seed catalogs I have. 
The Territorial Seed Company catalog understates a not- so- endearing trait, 
“Not a heavy yielding tomato,” which probably explains why for many years it 
was not commercially available. Although a fair amount of Brandywine seed is 
once again being sold, it is probably not as profitable for the seed producer or 
the seed company. Johnny’s sells it for $11 for 1000 seeds.5 Compare this with 
my favorite, the high- yielding, crack- free hybrid Big Beef. Johnny’s is selling 
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the same amount of seed for it at $38.45.6 It does take more work to produce 
the hybrid, but is it really three times more?

If you want some perspective on heirloom vegetable varieties, find a reprint 
of The Vegetable Garden, written by M.M. Vilmorin- Andrieux and published 
in 1885. The book has illustrations, descriptions, and growing practices of gar-
den vegetables of France in 1885. It provides a baseline with which to compare 
today’s vegetables with those from 125 years ago. Vilmorin states that for broc-
coli, “Instead of producing a head the same year in which the plants are sown, 
it usually does not do so until early in the following spring.”7 Modern broc-
colis have come a long way since then, with some varieties producing heads 
within 60 days. On top of that, the broccoli plants described in Vilmorin’s 
book are white headed instead of green! Carrots at the time were sometimes 
orange but more often red, yellow, or white. Some of the heirloom varieties 
we use at the student farm, such as Early Nantes carrots, Egyptian beets, and 
Jersey Wakefield cabbages, are listed in the book. However, most of the variet-
ies I have never heard of, and some of the vegetables seem like they are from a 
different planet. I wonder where all the genes have gone that coded for these 
different colors and shapes.

Steve Tanksley and Susan McCouch, geneticists at Cornell University, esti-
mate that modern tomato and rice varieties contain only a fraction of all the 
possible gene variants present in their wild relatives. Over the years, many of 
these traits were selected against through domestication and breeding.8 I imag-
ine that this has happened to virtually all other improved vegetables as well.

Reading Vilmorin’s book, I get the sense that humans are driven to breed 
plants and to come up with something new and better. Ironically, this has 
meant that diversity is reduced because conventional breeding techniques dis-
card the plants not exhibiting desired traits. As a result, potentially useful genes 
that encode for traits that cannot easily be seen, tasted, or smelled are lost. Lost 
genes can be recovered only by going back to the wild ancestors of our crop 
species and landraces that have been conserved by traditional farmers through-
out the world. This is quite difficult to do without help from modern genetic 
techniques.

Are the beautiful and tasty heirloom varieties protected and owned exclu-
sively by a particular company? No. Organic seed companies such as Seeds of 
Change have programs to improve the quality of heirloom varieties by growing 
many individuals of a particular variety and selecting for those that exhibit 
the best traits. We have done several variety trials for Seeds of Change at the 
student farm, and I  have had a chance to grow and taste many wonderful 
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open- pollinated varieties that are as good as or better than hybrids. Imperial 
eggplant, Crimson Sweet watermelon, Orange CA Wonder pepper, Kurota 
carrots, Early Green broccoli, and Viroflay spinach are all very satisfying to 
grow and eat. However, there is no mechanism for preventing growers, com-
panies, or home gardeners from reproducing and saving (or selling) the seed. 
For a newly created open- pollinated variety (not an heirloom), the situation is 
different.

As I leaf through the pages of the Johnny’s catalog, I notice another icon used 
with open- pollinated varieties: PVP. Checking the Key to Vegetable Symbols, 
I see that PVP is defined as “plant variety protection— unauthorized marketing 
of seeds prohibited.” The PVP Act was enacted in December 1970 to provide 
intellectual property right (i.e., legal entitlement) protection to developers of 
new open- pollinated varieties that are propagated by seed.9 The act was tough-
ened in 1994 to prohibit the sale of farm- saved seed without permission of the 
variety’s owners, and the length of protection was extended to 20 years. Under 
the PVP Act, farmers may save the seeds of PVP varieties for use on their own 
fields but they are not allowed to sell them.9 The purpose of PVP is to encour-
age the development of new nonhybrid varieties by allowing breeders to recoup 
money spent on development. I looked at the PVP website, which lists all of 
the protected open- pollinated varieties, and was amazed by their number and 
diversity.10 Although there is some debate over the effectiveness of the PVP Act 
in protecting the new open- pollinated varieties, there is no doubt that seed 
companies think it is better than nothing. However, it is not cheap to register 
a variety. In 2005, the cost was $5150, enough to keep backyard gardeners out 
of the variety protection business. In an email, the owner of Johnny’s Selected 
Seeds, Rob Johnston, explained the value of PVP:

We have PVP on several of our own varieties, and we sell many more PVP’d 
varieties bred by (and PVP’d by) others. Although PVP still allows farmers or 
gardeners to save seeds for their own use, PVP disallows the variety to be used 
as a parent in a hybrid and disallows its unauthorized production and market-
ing. A PVP label acts as a kind of no- trespassing sign, and potential pirates 
usually avoid the variety. However, if there is a violation, the holder of the PVP 
has to do the prosecuting. We’ve never had to pursue anyone.

Hybrids are inherently protected by the fact that the originator maintains 
the parents and has a monopoly on the seed supply. Some companies, however, 
PVP parents of hybrids, to prevent one or both from being stolen and used. 
For the record, I prefer the respect method of protecting intellectual property 
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to the legal method (e.g., PVP). If we find that some seed company has stolen 
one of our varieties, I like to think that I could call them and get them to stop 
(R. Johnston, personal communication, 2006).

I am about three fourths of the way through the catalog and dazzled by the 
pictures of plump hybrids and beautiful open- pollinated vegetable varieties, 
but when I start adding up the bill for my choices, I get into triple digits very 
quickly. I start to think that maybe we should just grow and save our own seed 
at the student farm.

Over the past 10 years, we have saved seed from basil, tomatoes, parsley, 
chard, Stutz supreme melon, arugula, cilantro, onions, watermelons, garlic, 
and potatoes. In the educational sense, it is fine to save seed. To see your favor-
ite vegetable mature, flower, and make seed is experiential learning at its best. 
In the farming sense, however, saving seed is often a pain in the neck.

Last year at the farm, my students and I decided to save arugula seed. To get 
seed from arugula (one of the easiest crops), we needed to leave it in the ground 
for a couple of months longer than we would have if we had just harvested it 
for greens. More months in the ground meant more irrigating and weeding, 
and the bed space being used by the arugula could have been planted with 
something else. When the arugula went to seed, it produced a lot. Because we 
did not have a combine or a mechanical seed harvester, we harvested the seed 
by hand. In the case of arugula, this meant stripping off dried pods of seeds and 
putting them into a bag. A fair amount of seed was lost as the pods broke in 
our hands and fell to the ground. After a couple of hours, we had a few pounds 
of seed mixed with quite a bit of chaff. We were lucky enough to have a simple 
mechanical seed winnower that more or less separated the seed from the chaff. 
After another couple of hours of cleaning, we ended up with less weight than 
we started with but much cleaner seed.

It took a couple of our students 4 or 5 hours to harvest and clean a pound 
of seed. Johnny’s sells a pound of organic arugula seed for $26.15, but even 
with added tax and shipping, it meant that we were working for about $4 
per hour. This does not include the cost of growing the crop. I hope that we 
covered those costs in the arugula we harvested and sold, but when a farmer 
is growing a crop just for seed, everything must be done efficiently for it to 
be profitable.

I recently asked Paul Holmes, a partner in Terra Firma Farms, a suc-
cessful organic farm in Winters, California, if he saved any seed this 
year. Terra Firma grosses close to $1 million a year selling through a large 
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community- supported agriculture (CSA) group (a subscription produce 
serv ice), farmer’s markets, and retail and wholesale outlets. Paul said he 
wanted to save some of the orange heirloom tomatoes called Valencia, for 
which he was having a hard time finding seed, but he had never gotten 
around to it. He and everyone else on the farm were too busy to save seed, 
which is typical of organic farms in this part of California.

In other parts of the country such as New England, New York, the 
Northwest, and the Midwest (maybe everywhere but California), saving 
seed is much more common. At a meeting of Organic Seed Partnership 
participants (where I was the only grower from California), I was amazed 
at the extent of farmer participation in on- farm variety trials and of 
seed saving throughout the country. Part of the explanation may be that 
California growers have higher land costs and therefore cannot afford the 
field time needed to save seed. Perhaps growing several crops year- round 
in an agricultural paradise makes one too busy. Another reason might be 
that in the New York and New England area, the OSP has a mobile seed- 
cleaning trailer that goes from farm to farm to facilitate seed cleaning by 
local growers. If this technology were available here, more growers might 
save seed.

The ability of growers to save seed does help to keep seed companies from 
getting rich selling open- pollinated varieties. If open- pollinated prices get too 
high, growers have an incentive to save seed. At reasonable prices, it is easier 
to let the seed companies provide the seed. The companies also typically do a 
better job of maintaining seed purity and quality. If hybrid prices get too high, 
growers can switch to open- pollinated plants instead and save the seeds. This 
can be a difficult choice if a specific trait such as disease resistance, size, or uni-
formity is needed. Yields may also be reduced.

Reading about heirloom tomatoes reminds me that I’m still hungry. 
I would like to eat a sandwich with Brandywine tomato slices, but it’s winter, 
so instead I settle for a couple of quesadillas with salsa and canned heirloom 
organic Jacob’s cattle beans. I sit down to eat, with the catalog again in hand, 
dripping salsa on the pages.

Although Johnny’s caters to organic growers, they do not sell only organic 
seed. The USDA National Organic Program standards state that organic grow-
ers must use organically grown seed if it is commercially available. If not, 
growers can use conventionally grown seed that has not been treated with any 
prohibited materials such as fungicides. Johnny’s sells some organic seed, but 
many of the varieties they sell are hybrids, and most hybrids are not organically 
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grown. Until the last couple of years, there were no organic hybrids. Johnny’s 
recently has offered more organic hybrids, such as Red Ace beets and three 
hybrid sweet corn varieties. I think that organic hybrid seed will become much 
more common in the next 5 years. Johnny’s does offer an increasingly long list 
of certified organic open- pollinated varieties, with many choices of lettuce, 
tomatoes, cucumbers, and greens available.

I continue to fill out the order form, my mind filled with all the infor-
mation and intrigue that lies between the lines of the seed catalog. I  value 
the qualities of hybrids: the higher yield, disease resistance, uniformity, and in 
some cases (e.g., Nelson carrots), the taste. Although the hybrid varieties are 
well protected and dearly priced by their developers, I am willing to cough up 
the money to pay for the traits I value. If the prices get too high, I will shift to 
open- pollinated varieties. If I get totally fed up with seed prices, I can go back 
to seed saving.

None of Johnny’s seeds are genetically engineered. In the beginning of the 
catalog, there is a statement indicating that they are proud to be a member 
of the Safe Seed Initiative, pledging that they do “not knowingly buy or sell 
genetically engineered seeds or plants.” They provide this explanation:

The mechanical transfer of genetic material outside of natural reproductive 
methods and between genera, families, or kingdoms poses great biological risks 
as well as economic, political, and cultural threats. We feel that genetically 
engineered varieties have been insufficiently tested prior to public release. More 
research and testing is necessary to further assess the potential risks of geneti-
cally engineered seeds.11

As I read this, two thoughts come to mind. First, it is odd that the Safe Seed 
Initiative is concerned about genetically engineered varieties but not varieties 
grown using pesticides, because the misuse of pesticides is an ongoing prob-
lem. In 2012, there were 992 confirmed pesticide injuries in California.12 As 
far as I can tell, there were no reported injuries due to genetically engineered 
varieties in California, the United States, or the world. Although genetically 
engineered herbicide- resistant crops and crops containing Bt have other issues 
for organic farmers (see Box 8.3 in Chapter 8) and would not have been my 
first choices as crops to engineer, they have not physically injured anyone since 
they were first planted in 1996.13 They also have not escaped into the wild or 
created superweeds, and Bt crops have reduced insecticide applications. If the 
Safe Seed Initiative is concerned about biological risk, why are they not more  
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concerned about pesticide use? If so, It would make sense to advocate for the 
sale of seeds that require fewer pesticide sprays.

There are only two commercially available genetically engineered vegetable 
species. Asgrow Vegetable Seeds (now owned by Monsanto) has a few yellow 
summer squash and zucchini varieties (same species) that are resistant to zuc-
chini yellow mosaic virus, watermelon mottle virus, and cucumber mosaic 
virus. Syngenta markets a genetically engineered sweet corn that has a Bt 
gene to control corn earworm and the European corn borer (see Fig.  5.1 in 
Chapter 5). Because there are only two, Johnny’s and other seed companies are 
not giving up much by avoiding genetically engineered varieties. However, if 
Johnny’s were to drop all the varieties grown with pesticides (i.e., most of the 
hybrids and a good share of the open- pollinated plants), many varieties would 
become unavailable.

Second, I notice that the Safe Seed Initiative has clumped all genetically 
engineered varieties together and has not analyzed each one on a case- by- case 
basis. To me, this is throwing the baby out with the bath water. Genetically 
engineered plants on the market confer a range of benefits, including some 
that fit well with our criteria for a sustainable agriculture (see Box P.3 in the 
Preface).

It seems to me that the Safe Seed Initiative’s policy on genetic engineer-
ing slows the development of varieties that could facilitate ecological farming. 
What if a tomato plant is genetically engineered with another tomato gene? 
That is the same sort of genetic transfer that occurs with open- pollinated plants 
in nature or that could be done by plant breeders using traditional methods. 
The advantage of genetic engineering instead of traditional plant breeding is 
that only one gene is introduced— the gene that expresses the desired trait— 
and less time is required. For example, to produce a Brandywine tomato that 
is resistant to nematodes, you could put the nematode- resistant gene from Red 
Sun tomato (also sold by Johnny’s) into Brandywine. With the addition of 
only one gene, the heirloom Brandywine would retain all of its tastiness. These 
tomatoes would not pose any negative economic, political, cultural, ecologi-
cal, or health threats. If other tomato genes could be put into Brandywine to 
increase the yield, make it resistant to diseases, eliminate cracking, and make it 
just a little firmer, you would have a heck of tomato. At a future time, would 
Johnny’s sell the seed? Would organic growers grow it, and would consumers 
eat it? That may depend on who owns the genes.
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Twelve

Who Owns The Genes?

The Seed Industry: Accelerating or Impeding Innovation?

Pam

The world’s next superpower will be determined not just by which coun-
try has the most military might but also, and more importantly, by its 
mastery of the technology required to produce large quantities of food.

Ted  Genoways ,  New Republic1

In 2012, FBI agents tasked with flushing out international corporate espionage 
made a startling announcement. Chinese nationals employed by the Chinese 
seed company, Kings Nower, were caught with “seeds under development by 
Monsanto, DuPont Pioneer, and LG Seeds.”2 Further investigation revealed 
that the seeds were likely patented genetic stocks, valued as parents for produc-
ing high- yielding hybrid seed. Prosecutors allege that the seed was valued at 
more than $500 million.2

In other words, Chinese nationals were accused of attempting to steal an 
accumulated 70+ years of corn breeding. The seed resulting from that breed-
ing carries genes encoding valuable traits such as high yield and resistance to 
diseases, pests, and stresses. This treasure can easily fit into a pocket. Anyone 
possessing this seed can use genetic engineering or other genetic approaches to 
further improve its performance.

As this story shows, the global seed trade is a serious business and genetic 
advances are a critical component in the increasingly high national security 
stakes of feeding the world. Advances in sustainable agriculture rely in part on 
our ability to innovate and share agricultural technologies. 

 !  
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In the fall of 2014, I visited Monsanto’s research laboratory in St Louis. I was 
curious about the technologies Monsanto is using to develop high- yielding 
lines coveted by China. To many consumers, this company has been cast a vil-
lain, the face of industrial agriculture. According to its opponents, Monsanto 
pressures farmers to buy expensive seeds that they do not need.3 They worry 
that Monsanto’s large share of the seed market and patents limits farmers’ 
choice on the seed they buy. I wanted to find out if this image is accurate.

After I  signed in, Janice Person, a former journalist who now serves as 
Monsanto’s engagement director, chatted with me as we walk upstairs. Her job, 
she told me with a grin, was to “help people better understand stuff.” We entered 
a large room where a giant robot was busy at work, clicking and clanking.

“This is our famous corn chipper,” she said pointing to a set of seeds, 
arrayed in a small plastic dish; each seed was separated from the others. The 
robot picked up an individual seed and chipped off a piece without damaging 
the embryo, then the piece was transferred to another plate, where its DNA 
is extracted and analyzed for its genetic fingerprint. The information gathered 
through this process helps Monsanto breeders sort through millions of seeds 
very quickly. Seeds that carry a combination of traits predicted to increase yield 
or other agronomic properties are planted in the field. Those that are lacking 
the right combination of genes are discarded or shelved for later use.

As a scientist, I was impressed. In my laboratory, things are much slower. 
It is not possible for us to survey the entire genome so quickly. We must first 
plant the rice seed, grow it in the greenhouse, clip off a leaf, and extract the 
DNA. Our technologies limit us to screening for the presence of a single gene 
at a time— a snail’s pace compared with the automated process of Monsanto’s 
robots. The mechanization allows them to quickly screen the whole genome 
(i.e., the entire collection of 32,000 genes) to identify traits of potential interest. 
Breeders can select seeds that are predicted to grow well in a particular environ-
ment before planting them, saving time, labor, and greenhouse space. In con-
trast conventional breeding requires planting the entire lot, then looking for 
the few individuals with beneficial traits. Breeders using conventional methods 
often retain fewer than one of every thousand or more plants they grow.

This type of automated genetic fingerprinting is one of the technologies 
that Monsanto and several other large seed companies are using to generate 
high- yielding seed. The results are stunning. Today, American farmers average 
about 160 bushels of corn per acre each year, compared with 60 in Brazil and 
27 in sub- Saharan Africa (22 if South Africa is excluded).4 Chinese farmers  
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average 96 bushels per acre.5 Although many factors in addition to seed 
quality affect yield these numbers reinforce Monsanto’s fundamental mes-
sage— that higher productivity, not a return to the methods of the past, is 
likely to be the true source of agricultural and environmental sustainability. 
They argue that making each acre as productive as possible will help to 
meet global food demands and reduce the pressure to bring more land into 
production.

Through a combination of mergers, Monsanto has accumulated the intel-
lectual property portfolios (i.e., patented technologies, genes, and seed variet-
ies) that has allowed them to expand their share of the seed market.6,7 As a 
result, Monsanto is now the world’s largest seed company and expects to dou-
ble its profits by 2019.8 The potential downside to this success however, is that 
according to the American Antitrust Institute, an independent competition 
watchdog, Monsanto’s technologies and market power hinder competition, 
potentially slowing innovation in seed and adversely affecting prices, quality, 
and choices for farmers.9,10

Not everyone agrees with the American Antitrust Institute. According to 
Dan Sumner, Distinguished Professor of Agricultural and Resource Economics 
at UC Davis, “the evidence of the net effect of seed and trait ownership ver-
sus the vigor of the markets is unclear. It is also not clear that bigger seed 
companies are obviously bad. Economies of scale in research and sharing of 
genetic materials with big companies may be better for the economy and for 
farmers than lots of little companies. I do not disagree with the concern that 
Monsanto’s market power could potentially reduce choices for farmers, but the 
answer is not obvious.” In contrast to commodity crops, such as corn where 
Monsanto has the majority market share, a diverse number of companies pro-
duce and sell vegetable seeds. Greater competition in the vegetable seed indus-
try means greater benefits for farmers.

Whatever your views on Monsanto’s business practices, it is clear that many 
countries are following its example and are now fostering their own seed com-
panies. For example, emerging industrial economies such as China view the 
seed business and seed biotechnology as a nascent field of innovation in which 
they intend to compete.11 In 2013, I visited my friend and colleague Professor 
Xing Wang Deng in the office of his seed company, Frontier Laboratories, in 
Beijing, China, to learn more.

“We are developing high- yielding varieties of corn and other crops that will 
rival the productivity of seeds produced by multi- national companies,” Xing 
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Wang told me. “We are competing for a share of Monsanto’s seed market.” 
According to Nathanael Johnson, journalist at the environmental magazine 
Grist, the lower yields obtained by Chinese farmers compared with US farmers 
indicate that there is a lot of room for genetic improvement.12

Agricultural official Han Jun agrees: “We cannot lag behind others in the 
GMO research. Our GMO market should not be saturated by foreign brands.”13 
I have little doubt that Xing Wang and his colleagues will be successful. Chinese 
scientists have a long track record of innovative breeding and have pioneered the 
development and use of rice hybrids, which yield 20% more than conventional 
rice varieties.14 The annual yield increase is enough to feed 60 million people.

Chinese researchers are also leaders in isolating individual genes and entire 
pathways that govern important traits such as tolerance to drought and effi-
ciency in nitrogen uptake. These are big challenges for breeders. If Chinese 
scientists are successful in creating a thriving Chinese seed industry and can 
produce seed that will grow well in China’s diverse farming environments, it 
will be a boon to the Chinese economy and will help Chinese farmers produce 
more food on less land. In 2016, Chinese officials announced a $450 billion 
dollar investment to improve the country’s farms over the next 4 years.12 This 
investment in scientific research benefits agricultural science around the world. 
According to Dan Sumner, “The planet depends on China’s science. This is not 
just for Chinese consumers but for all of us.”

 !  
China has changed dramatically since my first visit in 1993. Gone are the Mao 
suits and the threadbare dormitories that packed four students and a hot plate 
into a tiny room. Today, Beijing and the major east coast cities are a bustle of 
brightness and sound— men and women dressed in colorful fashions, massive 
shopping malls blasting the music of the US rock band One Republic, and Red 
Bull advertised on umbrellas in the courtyards of Buddhist temples. Instead 
of millions of people commuting to work on bicycles, the streets are clogged 
with cars. The large cities have food available on every corner— not only the 
traditional favorites of roasted salted cabbage, braised ferns, fried mushrooms, 
barley tea, and steamed dumplings, but hamburgers, French fries, donuts, soft 
drinks, and candy.

Despite these signs of wealth, the government of China grapples with a 
mammoth task— feeding its 1.4 billion people, equivalent to almost a fifth 
of the world’s population. To do this, they either must produce food in the 
country or import food from other countries. Of the 3.7 million square miles 
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of land in China (slightly larger than the land mass of the United States), only 
15% is suitable for cultivation (in the United States, about 50% of the land is 
suitable for farming).15 This means that China’s 300 million farmers must be 
efficient; to be self- sufficient, they must feed more people on less land than the 
3.2 million farmers in the United States.16 As the population grows, this is an 
increasingly difficult task.

China is no longer able to meet the country’s growing demand for grains, 
soybeans, and other crops by producing these crops inside the country. China 
has become a huge importer of food commodities and products as well as a 
large exporter. Exporting food might seem counterproductive if what they are 
trying to do is feed their own people, but although China is not self- sufficient, 
it is no different from most countries that trade food. Its exports help to 
feed Japan, Korea, and many other countries and is an important part of the 
national income.

The threats to China’s food security are similar to those affecting other 
countries around the globe. For example, fresh water is increasingly scarce as 
China’s main aquifers become depleted. In neighboring Vietnam, with another 
100 million people, according to a 2016 United Nations report, “Water scarcity 
and climate change are imperiling key crops— rice, cassava, corn, coffee, and 
cashew nuts. Since the end of 2015, water levels in the Mekong River delta have 
been at their lowest since records began almost 100 years ago; as of mid- March 
2016, almost a million people in central and southern Vietnam lacked access to 
fresh drinking water.”17

 !  
Having grown up in a community of subsistence rice farmers, Xing Wang is 
intimately aware of the agricultural challenges confronting growers. He and I 
were graduate students at UC Berkeley together. During one class, he described 
his journey from Guanping, a tiny village in China’s Hunan Province, to one 
of the world’s premier research institutions. As a child, he walked miles to 
the nearest school, weaving his way through terraced hillsides of rice paddies. 
When he was admitted to Beijing University, the families in his village pitched 
in funds to make it possible for him to afford tuition. The day he left home, he 
walked 15 miles to the bus stop, and then traveled by bus for 12 hours to catch 
a train to Beijing. Three and a half days after leaving home, he arrived in the 
city and began his studies.

In 2013, Xing Wang was elected to the US National Academy of Sciences 
in recognition of his highly regarded scientific expertise. A few years later, Xing 
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Wang found that he was so interested in Chinese agricultural problems that he 
was compelled to go home and offer his expertise in solving those problems. 
He now serves as founding dean of Beijing University’s School of Advanced 
Agriculture Sciences.

On a walk through the laboratories of his startup company, Xing Wang 
told me that he wants to build on his experience in plant genetics to help 
breeders produce high- yielding seed for farmers.18 If they are able to harvest 
food more efficiently, they will be able to better feed their families and to sell 
more grain, making a profit that they can use to send their children to school. 
Xing Wang is using highly precise genetic tools to engineer the genomes of rice 
and wheat for this purpose.

Xing Wang believes that high- yielding crops are essential if China is 
going to be able to grapple with greenhouse gas emissions and pollution. 
Over the past 300 centuries, the conversion to cropland of 20% of Chinese 
forests and 40% of its grasslands has triggered massive greenhouse gas emis-
sions.19 More recently, China’s demand for energy and food and the use of 
outdated coal- burning technologies have created smog that smothers major 
cities, prompting regular red alerts because of the poor air quality.20,21 Smog 
already claims the lives of 1.6 million Chinese each year, or more than 4000 
people each day.22– 24

Until a few years ago, China was able to feed itself, although at an enor-
mous environmental cost. High- volume applications of pesticides, fertilizer, 
and irrigation water have left soils polluted, salty, and depleted of nutri-
ents while also straining limited water and energy resources. The situation 
is expected to get worse. “Temperature increases and precipitation decreases 
could slash China’s net yields of rice, wheat, and corn by 13% over the next 
35 years,” according to an analysis by scientists at Beijing University’s Center 
for Climate Research.2,25

Demand for imported corn is expected to surge from about 5 million tons 
to 20 million tons in just 10 years.2 Facing a lack of food for animals, China has 
already increased imports of genetically engineered soybean and corn from the 
United States.26 In 2014, China imported about 5% of its food.27

Even though there is increasing demand for food, fewer people are 
available to farm. The youth of China are increasingly drawn to higher- 
paying jobs in the thriving eastern cities. This migration and urbanization, 
encouraged by the government, means that the few who are left behind in 
the village do most of the farming. Some of these are the elderly, with no 
better choices available.28 Some who remain are making informed choices 
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about inputs and farming practices, thereby increasing productivity for 
their families and country.

To enhance long- term food security, locally and globally, China’s leaders 
are redoubling investment in science and technology programs, bolstering 
basic research, and supporting the development of seed companies. Chinese 
seed companies have been tasked with establishing the country as a major 
contributor in international scientific circles, boosting economic competi-
tiveness in world markets, and modernizing the Chinese agricultural sec-
tor.27 One of the goals is to consolidate many of the country’s thousands 
of seed companies into major corporations that will link basic research to 
large- scale production of seed just like Monsanto.2 The research of Xing 
Wang, a global agricultural player with farm- boy roots, is contributing to 
achieving these goals.

Increasingly in China, as has been the case in the United States for many 
years, seed companies are developing high- yielding hybrids. Farmers like the 
traits conferred by hybrids, and this increases demand among high- income 
farmers who can afford them. However, small- scale farmers (i.e., those who 
manage 5 hectares or less or who are constrained in terms of capital and 
labor) typically prefer open- pollinated seeds because they can save the seed 
and eliminate the cost of purchasing new seed each growing season.

This means that the global seed industry needs to figure out ways to pro-
duce high- yielding hybrids and seed stocks (which typically yield more food on 
a given plot of land) as well as low- cost open- pollinated seeds that can sustain 
small- scale farmers. The challenge is to accelerate innovation for all farmers, 
not only those who can afford higher priced seed.

 !  
For much of the history of agriculture, plants self- pollinated or cross- pol-
linated, and seeds were shared. About 40 years ago, plant variety protection 
and utility patents began to proliferate, contributing to the establishment 
of the modern seed industry. Today, most plant breeders rely on income 
from selling their varieties. The Plant Variety Protection (PVP) Act enabled 
breeders to restrict others from marketing a variety they have developed. 
However, the PVP Act does permit further breeding with that variety. In 
contrast, a utility patent prohibits further breeding. Many vegetable seed 
sold by companies such as Johnny’s selected seed is protected by PVP (e.g. 
lettuce). Hybrids, (e.g. most corn varieties) are protected by PVP or utility 
patents.
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In a landmark decision allowing utility patenting of a living organism for 
the first time, the US Supreme Court ruled in 1980 (Diamond v. Chakrabarty) 
that a genetically engineered strain of bacteria that could break down crude 
oil was a proper subject matter for patent protection under the patent stat-
ute.29 The same year, to promote technology transfer and product development 
in the United States, the Bayh- Dole Act gave universities and other publicly 
funded research institutions the right to obtain patents on, and commercialize, 
inventions made under government research grants.30 According to William 
Tracy, Chair in Plant Breeding for Organic Agriculture at the University of 
Wisconsin, “The most important contributor to the modern seed industry was 
the development of hybrids and associated trade secrets (the inbreds). This is 
why the modern seed industry is based on corn. And why wheat, which can 
be protected by both PVP (often) and utility patents (rarely), is still mainly 
bred by the public sector. Also, why big companies want to turn wheat into a 
hybrid crop.”

One of the benefits of plant variety protection and utility patents is that 
they grant inventors exclusive rights to use the technology for a set period of 
time before it becomes public. In this way, patents create an incentive to invest 
in research and development. According to a National Academy of Sciences 
2016 report, “In the specific cases of agricultural crop R&D, the application 
of patent protection to GE crops means that firms can secure a return on their 
research investments in GE seeds and thus have an incentive to apply their 
resources to more agricultural crop research and innovation.”31

Patents can sometimes spur the process of discovery and development of 
socially beneficial products. In 2013, the US Supreme Court addressed the 
validity of gene patents without resolving ethical or moral concerns. The Court 
ruled that naturally isolated DNA is not patentable.32 In other words, DNA 
of a wild flower seed you collect is not patentable. It also ruled that genes that 
have been isolated and engineered into crops or used for making drugs could 
continue to be patented. For example, the Bt gene isolated from DNA of a 
bacteria and then engineered into a plant is patentable.

Despite these benefits, there is intense debate about the ethics of patenting 
genes and seeds. Some people see all biological material as a public good or a 
gift from nature or, more accurately, as handed down or improved by many 
generations of farmers and breeders and therefore something that cannot be 
owned by an individual or company. A public good is available to people with-
out payment, and its use by one person does not make it unusable by others. 
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Box 12.1 Patents on CRISPR- Cas9, The Novel Genome- Editing 
Technology

The ways in which patents and intellectual property are handled and owned affect the 
ability of breeders to access those technologies for commercial use. For instance, con-
sider patent landscape around CRISPR/Cas9, the novel genome- editing technology. 
The seed giant DuPont Pioneer entered a strategic alliance with genome- engineering 
company Caribou Biosciences in 2015 that outlined a strategy for the companies to 
share intellectual property rights for CRISPR/ Cas9 applications in plants.33 As part 
of the agreement, DuPont and Caribou cross- licensed their respective patent portfo-
lios, with DuPont receiving exclusive intellectual property rights for CRISPR/Cas9 
technology applications in major row crops, and nonexclusive rights in other agricul-
tural and industrial bioscience applications. In addition, the alliance between DuPont 
and Caribou involves a multi- year research collaboration with scientists from the two 
organizations focused on enhancing the breadth, versatility, and efficiency of the core 
CRISPR/Cas9 toolkit. DuPont also made a minority equity investment in Caribou to 
further strengthen the working relationship.

If the technology is made freely available for basic research (which is currently the 
case) and if the licensing fees for commercial applications are low, it could accelerate 
innovation. However, if the technology is licensed at a high cost or not licensed at all, 
it would impede innovation.

To address these concerns, DuPont Pioneer has launched an Open Innovation initia-
tive34 to establish collaborations, develop innovative technologies and deploy new 
crop varieties. Chosen collaborators can receive access to germplasm and the most 
advanced enabling and analytical technologies or services controlled by the company.35 

As an example of the DuPont Pioneer open innovation model, the company formed 
a public/ private partnership with the International Maize and Wheat Improvement 
Center (CIMMYT) to jointly develop improved crops using CRISPR- Cas9 technol-
ogy to address the needs of smallholder farmers around the world. A range of poten-
tial product targets are under consideration by the newly formed Pioneer- CIMMYT 
Steering Committee. The first project will apply CRISPR/Cas9 to address the devas-
tating maize lethal necrosis disease in Sub- Saharan Africa.

Public goods are traditionally associated with the public sector (i.e., university 
and government laboratories) and private goods with the private sector (i.e., 
industry).31 Genetically improved crops can exist as private or public goods, 
depending on what kind of intellectual property restrictions developers use to 
limit access to the germplasm (Boxes 12.1 through 12.3).



      

Box 12.2 Access to Genes and Germplasm for Public Breeding Efforts

Germplasm is the term used to describe the combination of genes in a seed that 
gives each plant its unique properties. An issue of concern for public- sector geneti-
cists and agronomists is the question of access to the full range of germplasm 
for conducting experiments (e.g., historical germplasm yield trials to understand 
and quantify genetic progress) and for testing new opportunities to improve crops 
through conventional and biotech methods. Limited access stifles public- sector 
innovation.

Corn is a good example. Most large companies apply for utility patents on their 
new varieties; that is, they patent the combination of genes they have created. This 
utility patent prohibits other breeders from using the proprietary variety as a parent 
for further breeding. Other breeders are free to try to reconstruct the variety by start-
ing with the publicly available seed stocks in collections such as the American Type 
Culture Collection.36 However, without knowledge about how the variety was made, 
it would take a public breeder many years to reconstruct it. This is one of the reasons 
that most European countries do not allow patenting of plant varieties. Instead, they 
use the Plant Variety Protection Act (PVPA) of 1970, which allows further breeding. 
Monsanto and other seed companies are against this research exemption. They argue 
that it discourages commercial investment and innovation because, with a plant vari-
ety protection exemption, other companies can recreate the varieties in just a couple 
years. They want to protect their investment. After patenting started in the 1980s, 
investment in seed companies also took off, and seed development became very prof-
itable. Before patents were in place, soybeans sold for $5 to – $10 per bag. Today, seed 
can sell for $30 to $40 per bag. At the same time, funds for public breeding efforts 
decreased. University breeders and hobby breeders often cannot compete because 
they lack the capital required for advanced breeding (e.g., the Monsanto gene chip-
per). Utility patents have been a boon to large seed companies, but public breeding 
has been neglected and limited.

In my experience, researchers at public institutions can access a diverse variety of 
germplasm to advance basic knowledge on how plants function. In my 25 years as 
a rice geneticist, overly restrictive patents have never impeded my research. Patent 
restrictions are largely irrelevant until an invention goes commercial or is needed 
for a humanitarian application (e.g. Golden Rice). For example, my colleagues and 
I obtained several important rice varieties from the International Rice Research 
Institute (IRRI), isolated genes that conferred important traits (e.g., disease resist-
ance, flood tolerance), and then worked with public breeders and institutions to 
make the genes and varieties available to farmers. The situation is somewhat different 



      

for researchers who study corn, a highly profitable crop because it is typically sold as 
a hybrid. Although academic scientists can collaborate with seed companies to study 
their proprietary corn germplasm, it often is just as easy to use older seed for their 
studies- after 20 years, the proprietary protection expires. According to my colleague 
Jeff Ross- Ibarra, UC Davis, “For basic research, we can use the older seed and still 
make important discoveries.”

Although most of the corn grown by farmers in the United States is hybrid and pro-
prietary, there remains a robust community of public breeders who are developing 
open- pollinated sweet corn varieties that farmers can replant every year. For example, 
University of Wisconsin at Madison agronomy professor Bill Tracy has created a new 
variety of sweet corn that is open pollinated. The seed of open- pollinated varieties can 
be saved and planted from year to year to produce the same plant.37

If too much global germplasm becomes tied up with for- profit seed companies that 
are not willing to license the valuable genetic stocks at reasonable prices, the ability 
of small companies to develop new seed varieties would be restricted. This provides 
an incentive for stealing rather than collaboration. The term stealth seeds refers to 
stealing or trading seeds to avoid payment of licensing fees or other constraints. The 
Bowman vs. Monsanto Supreme court case (Box 12.3) and the story of the Chinese 
nationals (this chapter) reflects this outcome. Other countries have experienced 
similar situations. In Brazil, there was widespread smuggling of herbicide- tolerant 
soybeans from Argentina38,39 before they were legally commercialized. Similarly, in 
India, counterfeit Bt cotton was passed around widely before its sale was made 
legal.40,41

Often, patents on new technologies is less of a hindrance than the slow process with 
which genetically engineered crops are regulated (see Box 5.6 in Chapter 5). According 
to Plant Science Professor Kent Bradford, innovations in DNA sequencing and com-
puter technologies have moved quickly because each company tries to do better than 
its competitors—even though most of the necessary technologies are patented. “If the 
regulatory system for evaluating new plant varieties were more efficient, there would 
be more incentive to innovate, new varieties would be released faster and humanitar-
ian applications would not suffer,” he said.

Some reform in patent regulations is needed. For example, if nonexclusive (as 
opposed to exclusive) licenses were available for technologies and processes important 
for advancing research it would encourage innovation. “In this way,” say agricultural 
economist Matin Qaim, “companies can make more money with patented technolo-
gies in rich countries, and in poorer countries, the same technologies can be used at 
a lower cost.”
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Patenting can slow progress in breeding if the germplasm (see Box 12.2) and 
genes are removed from the public domain. Some people argue that all seed 
should be made internationally available because it gives rise to food, and food 
is not a commodity like smartphones. According to Kent Bradford, Professor 
of Plant Sciences at UC Davis, “The ability to patent ‘natural’ genes or traits 
is concerning. It limits access to germplasm and is a key issue for smaller seed 
companies these days. Most prefer plant breeders’ rights or the plant variety 
protection systems, which give the breeders rights to their specific variety but 
do not restrict other breeders/ companies from breeding that variety for fur-
ther improvement. The utility patents on genes/ traits stop breeding with that 
material, and that is a problem. Such patents limit broad access to the source 
germplasm.” Matin Qaim, professor at the University of Göttingen, Germany 
agrees. He notes that “patenting contributes to industry consolidation, which 
is not what we want from a socioeconomic perspective.” Also he says that it 
makes licensing negotiations very complex which benefits large companies 
who can afford sufficient staff to execute agreements.

Most people don’t want to see a single company dominate the seed supply. 
However, as World Food Prize awardee Per Pinstrup- Anderson points out, 
lawsuits between companies will likely prevent that from happening. Almost 

Box 12.3 Bowman v. Monsanto

Like CDs and DVDs, seeds are readily replicated. The efforts of the music industry 
to retain control over their products in the face of widespread electronic copying and 
sharing mirrors the efforts of the seed companies to restrict farmers from replanting 
their proprietary seed stocks. In both cases, it is illegal for consumers to reproduce 
and sell the product.

In 2013, the US Supreme Court ruled that Monsanto has the right to guard the prof-
its from their innovations.42 Monsanto sells their herbicide- tolerant soybeans under 
a limited- use license that prohibits the buyer from using the seeds for more than a 
single season or saving any seed produced from the crop for replanting. In Bowman 
v. Monsanto, soybean farmer Verson Hugh Bowman challenged this restriction. He 
bought Monsanto’s herbicide- tolerant soybean from a local source and then planted 
the seed to produce additional seed. Monsanto sued Bowman for patent infringe-
ment.43 Justice Elena Kagan delivered the opinion of the Court, ruling against 
Bowman.42 Kagan stated that Bowman could resell the patented seeds he obtained 
from the elevator or use them as feed, but he could not plant them and produce addi-
tional crops from the seed without the patent owner’s permission.
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all litigation from seed companies is between seed companies. “They sue each 
other all the time,” UC Davis plant biologist, Chuck Gasser, told me.

The National Institutes of Health (NIH) has long recognized that the goals 
of commercialization of biomedical research could conflict with the broad dis-
semination of research findings and research tools. In 2000, the NIH estab-
lished a policy for its grant recipients to promote public access to government 
funded research and tools.

The US Congress also amended the 1980 Bayh- Dole Act to make clear that 
the objectives of the patent system is to promote the utilization of inventions 
arising from federally supported research and development [and] to ensure that 
inventions made by nonprofit organizations and small- business firms are used 
in a manner to promote free competition and enterprise.31

 !  
In 1995, I received first- hand education on the issues of patenting and licensing. 
My laboratory team had just isolated the rice gene Xa21, which confers resist-
ance to a serious bacterial disease.44 There was tremendous international and 
commercial interest in using this gene to accelerate plant breeding.45 In addi-
tion to improving crop production in rice, some scientists thought that Xa21 
would be useful for developing new means of disease control in other crops, 
such as the commercially important wheat, maize, and barley. Deployment 
of such engineered varieties could reduce the application of pesticides to the 
environment and reduce patent health risks to farm workers. I wanted to fig-
ure out how to further develop this technology for use in crop improvement 
programs and still make it freely available to less developed countries.

UC Davis filed a patent application covering the Xa21 sequence in 1995, 
convinced that without a patent application on file, there would be little com-
mercial interest or overall investment in developing the gene. The next step, 
licensing the invention, needed to be handled carefully. An exclusive licensing 
agreement with the private sector, typically preferred by companies because it 
can be more lucrative, would eliminate the ability of UC Davis to share this 
technology with other public- sector institutions, such as national and interna-
tional research centers that are working on new crop varieties for poor farm-
ers in developing countries. Because rice is the most important staple food in 
the developing world, improvements in rice yield have a significant impact on 
global food production. If the Xa21 invention were tied up exclusively by one 
company, it could impede benefits for the public good.
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Because I wanted to make the gene widely available and because the mis-
sion of UC Davis is to serve the public, UC Davis agreed to option use of the 
gene to private companies under the conditions that noncommercial researchers 
would also have free access Xa21. UC Davis and the International Rice Research 
Institute (IRRI) formalized this arrangement in an agreement giving the IRRI 
full rights to develop new rice varieties using the cloned Xa21 gene and to freely 
distribute the new, improved varieties and the cloned gene to developing coun-
tries. National breeding programs could then introduce the gene into locally 
adapted varieties and be free to distribute the new varieties to farmers. Because 
the gene is passed on to the progeny, farmers could grow their own seed for the 
next season. The Xa21 patent allows for the use of Xa21 in conventional breeding.

After the exclusivity issue was resolved, I wanted to tackle another, poten-
tially more difficult issue:  compensating developing nations for their con-
tributions to the development of new crops and drugs, such as anticancer 
medications and antibiotics.46 At the time, there was growing concern that 
industrialized nations, which have the technology and resources to pat-
ent and develop commercial products, do not always equitably compensate 
developing nation providers of the source germplasm. Although conserva-
tion and use of plant biodiversity have benefited food production worldwide 
(Box 12.4), benefits may not have accrued to the particular country where 
the crop’s genetic material originated.47– 49 In response to these concerns, the 
Convention on Biological Diversity was founded in 1993. In conjunction, the 
FAO International Treaty on Plant Genetic Resources established an Access 
and Benefit Sharing Fund to ensure that the eventual commercial value of 
plant genetic resources (germplasm, plants, genes or seeds) which originate in 
one country and are used by breeders in other countries, have a proportional 
benefit share back to the originating country.50,51

Box 12.4 The Value of Biological Diversity

The value derived from biological diversity far exceeds the world’s investment in con-
servation.47 When plant genetic diversity has been consciously conserved, the rewards 
have been great. An international system of gene banks established by organizations 
such as the global CGIAR system, the Global Crop Diversity Trust and the US 
National Lab for Genetic Resource Preservation (in Ft Collins) conserves extensively 
collected germplasm for evaluation and use in breeding programs. This genetic con-
servation is critical to ensure ongoing access to plant biodiversity. The International 
Rice Research Institute (IRRI) Rice Germplasm Center, for example, preserves 83,000 
of the estimated 120,000 rice varieties.48 The benefits to the world community from 
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One of the difficulties in assessing appropriate compensation is predicting 
that a particular gene will lead to a marketable product. A single genetic con-
tribution by itself usually represents only a small percentage of the total value 
of the eventual product. This is why many people think that exclusive owner-
ship of a variety that results from making only a small change is unacceptable. 
As William Tracy pointed out, “If a variety with a transgene was PVP’ed but 
not utility patented, I could easily use that variety in my breeding program 
by allowing the transgene to segregate out of the population.” In other words, 
many people who oppose utility patenting accept PVP ownership because 
most of the traits remain available.

In this sense, germplasm is similar to a raw resource such as copper. A coun-
try such as Chile sells copper and is compensated for the cost. However, Chile 
does not expect to profit from the additional value of products made from that 
raw material elsewhere. Although copper is essential to the final product, much 
more is added to create the final value. In a similar manner, it would make sense 
to compensate countries that provide a genetic resource. However, if only a 
single component (i.e., a single gene) is present in the final product (i.e., a seed), 
the donor would likely not expect to receive a large fraction of the overall value.

Because there was no university precedent for germplasm compensation to 
source countries and there was no prior agreement governing intellectual prop-
erty rights, it was not obvious what would be the most appropriate method to 
recognize and potentially compensate the source country, in this case Mali, for 
rice carrying Xa21.

I tried to work through the UC technology transfer offices to develop a 
mechanism to compensate Mali for its germplasm, but the staff members 
I spoke to were unsure of how to best make this happen. A few weeks later, 
I flew to the Philippines to attend a meeting to talk about the role of Xa21 in 
the rice immune response, with the challenge of establishing a compensation 
mechanism very much on my mind. Coincidentally, I found I was sharing 
my flight with John Barton, a courtly, intelligent, and thoughtful Professor 

work at international centers have been “enormous, with low- income food consum-
ers in developing countries receiving the vast majority of those benefits. The total 
value of germplasm flowing through international research centers to industrialized 
countries benefited industrialized countries by more than $3.5 billion annually, while 
the benefits to developing countries for wheat and rice only were approximately $67 
billion annually.”48,49
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of Law from Stanford University who had attended the same meeting. As we 
talked, I discovered that he was an expert on international genetic resources 
law and technology transfer and was quite interested in my dilemma.

By the time we got off the plane, it was clear that John was willing to help 
and that he was confident we could overcome the impasse. We decided that 
the best way to compensate Mali for their contribution would be to establish 
a fund (called the Genetics Resource Recognition Fund (GRRF)) dedicated to 
advanced study or conservation of genetic resources there.52 It was likely to be 
more beneficial to the source nations than a direct financial transfer because it 
is usually not possible to determine who should receive compensation as the 
owner of a specific genetic resource.

By 2016, the Xa21 gene had been distributed to more than 25 countries 
and to many researchers throughout the United States. By 2017, Xa21 has been 
widely used in conventional breeding programs around the world enhancing 
yields for farmers. Because we were careful to make Xa21 available to less devel-
oped countries, China has been able to move forward in developing genetically 
engineered hybrid varieties that carry Xa21 (Box 12.5).53

Our strategy of nonexclusive licensing combined with a contribution to the 
GRRF was an appropriate approach for Xa21, benefitting both public and private 
domains. It does not, however, makes sense for all genes (Box 12.6). For example, 
after some consideration, UC Davis did not file a patent application on the Sub1 
genes (see Chapter 1) because the immediate need for this gene was primarily for 
rice in the developing world. The generation of a commercial product in other 

Box 12.5 Commercialization of Xa21 Rice in China

Jia Shirong, a professor from the Chinese Academy of Agricultural Sciences in Beijing 
said that, after 8 years of laboratory trial and field tests, his team had applied to the 
government for commercial production of Xa21 rice in the central province of Anhui, 
an area the size of Italy. In contrast to conventional breeding, which introduces many 
genes at once and requires years to disentangle the genetics before the new hybrid can 
be useful, genetic engineering of Xa21 introduced only this single gene. “The field 
performance has been excellent,” Jia told Reuters in a telephone interview. “Farmers 
can reduce yield losses and chemical use. Our research data showed that the trans-
genic rice is as safe as the traditional rice.”53 The BIOSafety committee of the Chinese 
Ministry recommended Xa21 rice for commercialization late in 2004, but it was not 
released, possibly because of trade problems China could face in light of European 
consumer opposition to genetically engineered plants.53
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crops would probably require years of additional and expensive research, so it 
did not seem worthwhile to pursue a patent application. We concluded that the 
public would benefit most broadly if we rapidly placed the Sub1 gene into the 
public domain.

 !  
If breeders and geneticists do not have access to valuable germplasm because it is 
largely tied up in a few large seed companies, there may be fewer varieties of seed 
available, and the public will lose out.54 In 2010, the US Department of Justice 

Box 12.6 The Genetic Resources Recognition Fund

In June 1996, with the help of Stanford Law Professor John Barton, the University of 
California at Davis established the Genetics Resource Recognition Fund (GRRF) to 
recognize contributions of developing nations to the success of UC Davis discover-
ies.52 The GRRF was to be funded by royalty income generated from commercializa-
tion of genetic materials derived from germplasm originating in developing nations. 
The goals were to use GRRF funds for fellowship assistance to researchers from 
developing countries, for farm training projects in the home country, and for conser-
vation of land rich in genetic diversity. The fund was designed to benefit the individ-
uals and farming communities from the same area where the genetic resources were 
obtained. Students from germplasm- source countries (in this case, Mali) would have 
first priority. UC Davis hoped that the establishment of this program would set a 
precedent for universities to recognize and compensate for germplasm contributions 
from developing nations. We also thought that the GRRF would provide a means for 
scientists to patent their inventions while maintaining productive collaborations and 
good relations with scientists from developing countries. It would create economic 
incentives for continued sharing of germplasm and conservation efforts.

Although the GRRF made no effort to assess the future potential income generated 
from an invention, it provided a constructive solution that would be easy to imple-
ment and could be widely accepted. Because it is virtually impossible to predict the 
commercial success of a single invention, the GRRF ideally would be funded from 
many inventions. As of 2017, no commercial product had been made from the Xa21 
gene. There have been no sales, royalties, or funds to distribute. The hope is that as 
additional UC Davis discoveries are made and licensed to industry, some will find 
commercial success, and the fund will grow over time. Ideally, all future agreements 
between UC campuses and companies that license UC inventions would specify a 
contribution to this fund if the material being licensed was derived directly or indi-
rectly from a developing country. By depositing all the royalties in one fund, the risk 
that one license may not be profitable would not diminish the overall effectiveness 
of the fund. Each country that contributes genetic resources would benefit from the 
fund independent of the commercial success of its particular contribution.
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and the Department of Agriculture (USDA) held a series of public workshops to 
examine whether consolidation of the US seed industry violates antitrust laws.

One of the attendees, Director and Vice President of the American Antitrust 
Institute, Diana Moss, concluded that an antitrust investigation should focus 
on complex seed platforms composed of innovation, genetic traits, and seed 
markets.9 She observed that Monsanto’s share of the market for genetically 
engineered corn and soybeans was about 65%, and for genetically engineered 
cotton, it was about 45%. Moss argued that through this large market share 
Monsanto was actually harming innovation. To limit this harm, US authori-
ties typically place restrictions on mergers. For example, to win the antitrust 
authorities’ approval for two of its biggest purchases:  DeKalb in 1998 and 
Delta and Pine Land in 2007. Monsanto had to divest US assets of its cot-
tonseed business. Similarly, to obtain approval from antitrust regulators for 
their merger announced in 2015, Dow and DuPont agreed to divest certain 
assets. They split the new entity into three separate companies, focused on 
agriculture, materials, and specialty products. In 2016, US regulators approved 
ChemChina’s acquisition of Syngenta, a giant in farm chemicals and seeds.55 
In 2016, Bayer announced an offer to buy Monsanto.56 If the Monsanto- Bayer 
deal receives the required approval from regulatory agencies, these three con-
solidations would put a significant share of the corn seed and pesticide market 
into the hands of just three companies, raising concerns among US farmers 
and legislators about more expensive products and fewer choices.56

 !  
Proprietary ownership, if shared, has the potential to bolster innovation and ben-
efit farmers. For the past decade, Monsanto has licensed its technology broadly 
to hundreds of firms, including some of its main competitors. These other seed 
companies have gone on to develop seed with additional traits that farmers value. 
According to Moss, this is one of the reasons that Monsanto is not as powerful 
as many consumers believe. It is not in sole control of the world’s seed supply 
(although it can dictate practices to other companies, large and small, that need 
Monsanto technology). Because US patent law is national, researchers in other 
countries (e.g. China or Kenya), are not restricted in their use of US patented 
technology (unless the innovator has also applied for and been granted a patent 
in those other countries which is not the case for most genetic technologies).

Consumers who oppose the use of genetic engineering argue that the large 
corporations are taking advantage of farmers. However, the overwhelming level 
of farmer adoption of genetically engineered crops in the United States and 
elsewhere shows that the genetically engineered crop varieties on the market are 
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useful to farmers. It is unlikely that experienced and skilled farmers would buy 
genetically engineered seeds if their farm operations did not benefit economi-
cally. If you ask a US farmer why she plants Bt seed, she will likely tell you that 
she prefers it to spraying chemical insecticides that can harm farm workers and 
the environment.57

In the developed world, most farmers buy seed from one of the large seed com-
panies. There is a huge incentive for these companies to innovate because better 
seed means better sales. Monsanto’s user contracts prohibit farmers from saving seed 
from the Monsanto crop and then selling it to a third party. In other words, farmers 
must agree to use Monsanto- purchased seed solely for planting a single commercial 
crop. Its violator exclusion policy denies farmers who break the terms of its licenses 
access to all its technology forever. When farmers buy seed every year, seed compa-
nies profit, and so do farmers (if the seed is not overly expensive), because good- 
quality seed of high- performing varieties is a critical component of their operations.

One of the early critiques of biotechnology was that some of the utility 
patents covering important enabling technologies (e.g., transforming genes 
into plants) were overly broad and therefore restricted innovation. However, as 
Kent Bradford pointed out, “Edwin Land patented his Polaroid camera tech-
nology so thoroughly that no other company could enter that space until the 
patent expired, yet photography continued to advance. Of course, food is dif-
ferent, but the concept of rewarding inventors and contributing a new product 
for consumers is the same. Having a limited period of exclusivity to reward 
inventors is what the entire patent system is about.”

If the yield increases and cost savings are sufficient, even small farmers 
can benefit and afford seed. For example, in India, 95% of cotton farmers buy 
hybrid Bt cotton seeds. Because seed is usually less than 10% of total input costs 
in farming, better seed is often a smart investment.

In many places around the world, however, subsistence farmers cannot 
afford to buy expensive proprietary seed. Instead, they rely on public- sector 
agricultural researchers to generate seed varieties and plants that they need 
(e.g., cassava, rice, banana). Subsistence farmers who can improve their yield 
with new knowledge and technologies, are often able to sell their excess prod-
uct on the market and use these funds to educate their children.

Growers of specialty crops (e.g., strawberries, apples, lettuce) also rely on 
research in the public domain. One of the challenges for these researchers and 
for subsistence farmers is that financial support for public- sector agricultural 
research and plant breeding has declined.58

The cost of guiding a genetically engineered crop through the maze of safety 
regulations has increased making it difficult for public- sector scientists or small 



Ownership214

      

BOX 12.7 Cost of Safety Regulation

When Dennis Gonsalves and his team genetically engineered papaya (see Box 4.3 
in Chapter 4), public scientists in the United States could afford to carry out field 
tests because regulatory costs were minimal. Today, genetically engineered crops face 
daunting regulatory burdens in the United States and abroad.59– 63 While all food 
crops are subject to safety assessments, genetically engineered crops are subject to 
additional pre market review by USDA (as an ag product), FDA (as a food) and EPA 
(to ensure no adverse environmental impacts) (see Box 5.6).

The current governmental regulatory regimens for genetic engineering were developed 
for crops that carry genes imported from distant species (e.g., bacterial Bt). However, 
the same rules are applied to genes whose sources and effects resemble those of con-
ventional breeding (e.g., a rice gene into a rice plant). This “one size fits all” regulation 
imposes large costs (ranging from $50 to $100  million for a single trait) effectively 
excluding nonprofit groups from bringing crops to market. Furthermore these costs 
limit the application of the technology in specialty crops such as fruits, vegetables, and 
nuts, which are grown on only 4% of the cropping area and have little value compared 
with the revenue generated by corn, soybeans, or cotton.62,63

For example, if a university research laboratory genetically engineered a Brandywine 
tomato for resistance to nematodes, few organizations would be willing to pay the 
associated regulatory costs needed to bring the new variety to market. On the other 
hand, large seed or biotechnology companies, which do have the funds, might not 
be willing to invest them because of the small market and limited potential returns.64

As Steven Strauss, a professor in the Department of Forest Science at Oregon State 
University, explained, “If regulatory costs and hurdles were significantly reduced, it might 
promote genetically engineered crop development by small companies and public sector 
investigators. Given the widespread suspicion of the power and ethics of many large cor-
porations and the major role that this skepticism has played in the controversy over geneti-
cally engineered crops, such ‘democratization’ of biotechnology might be as important as 
biological advances in permitting public approval of genetic engineering in agriculture.”65

In 2016, the National Academies of Sciences, Engineering, and Medicine recom-
mended a tiered process for regulating new crop varieties that focuses on a plant’s 

companies to bring a genetically engineered crop to market (Box 12.7). Strict 
European Union regulations, for instance, make it difficult and expensive for 
public- sector scientists to carry out field tests of engineered seeds. According 
to Bradford, “This type of regulatory environment stifles public- sector innova-
tion and raises the cost of releasing genetically engineered varieties. Because it 
costs more to release a genetically engineered variety, public- sector scientists 
can little afford to release such varieties.”31
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Despite these difficulties, public- sector organizations, small seed compa-
nies, and public- sector and private- sector partnerships have been successful in 
developing genetically engineered crops for farmers.67 For example, in 2015, 
a small Canadian company, Okanagan Specialty Fruits, received regulatory 
approval for sale of a genetically engineered, nonbrowning apple for consump-
tion in Canada and the United States.68 The apple is engineered to produce less 
of an enzyme that causes browning, an application of genetic engineering that 
is attractive to many consumers. Likewise, a collaboration between the public- 
sector Bangladesh Agricultural Research Institute (BARI) and International 
Programs of the College of Agriculture and Life Sciences at Cornell University 
has led to the development and approval of an insect- resistant eggplant in 
Bangladesh69 (see Box 5.3 in Chapter 5 and Chapter 13).

Despite these successes, many of the public- sector innovations developed 
decades ago have not yet made it to market. They include disease- resistant 
wheat, an insect- resistant tomato, and virus- resistant fruit trees.70 Typically, it is 
not patenting that restricts these innovations; it is the high cost of safety regula-
tion. The technologies for the genetically engineered eggplant and Okanagan 
apple were accessible to the public sector and small business innovators, but 
in both of these cases, the restrictive global regulatory system slowed release. 
It took 15 years to obtain approval to release the Okanagan apple. Although 
Bangladesh permitted farmers to plant insect- resistant eggplant, farmers in 
neighboring India were blocked from planting the seed after nongovernmental 
groups petitioned the government to protest its use. Planting of insect- resistant 
eggplant has also been blocked in the Philippines.

Some university scientists and entrepreneurs are seeking ways to release their 
seed innovations directly to farmers, but few public institutions can produce 
and market their own varieties on a commercial scale because of the significant 

characteristics rather than the process by which it was developed. New plant varieties 
that have intended or unintended novel characteristics that may present potential 
hazards would undergo safety testing— regardless of whether they were developed 
using genetic engineering or conventional breeding techniques.31

With regards to regulation of genome editing, plant geneticists Daniel Voytas and 
Caixia Gao notes that: “The time and cost savings resulting from less regulation will 
be important factors in how quickly agricultural biotechnology companies adopt 
genome engineering. Reduced government regulation will also enable genome engi-
neering to be applied to minor crops, such as vegetables or horticultural species, which 
lack the profit margins necessary to pay for governmental regulatory packages.”66
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costs associated with production, distribution, and quality assurance. Even for 
crops that still rely largely on public varieties (e.g., 75% of wheat varieties), the 
universities license these varieties to companies that can efficiently increase and 
sell the seed. Despite the fact that about one fourth of the patented inventions 
in agricultural biotechnology are made by public- sector researchers (e.g., public 
universities), many of these inventions are exclusively licensed to private com-
panies.71 Although the business contracts sometimes restrict free distribution, 
the public-private partnerships can also facilitate putting seed into the hands 
of farmers.

Patents and safety regulations can slow release of seed by scientists working in 
the public domain. A prominent example is Golden Rice, which was developed 
initially largely with support from the Rockefeller Foundation to alleviate vitamin 
A deficiency in children in developing countries. Although the work was carried 
out in the public domain with an entirely humanitarian aim, the more than 70 
patents or contractual obligations could have constrained its development.72

Thanks to organizational assistance from the Rockefeller Foundation, the 
private companies holding these patents and intellectual property rights agreed 
to release the technology for humanitarian purposes. Syngenta also supported 
the development of Golden Rice 2, which had higher levels of β- carotene.73 A 
Golden Rice Humanitarian Board was established to assist with the technology 
transfer. Within a couple of years, the intellectual property issues were resolved. 
The next challenge for the inventors was to field test the new varieties in accord-
ance with the complex web of regulatory requirements and to fend off chal-
lenges from organizations opposed to biotechnology.74– 76 Many years later, not 
a single child has been able to eat Golden Rice— a consequence of a successful 
opposition from those opposed to biotechnology as well as experimental chal-
lenges related to field testing a highly regulated crop. The cost of regulation and 
field testing restricted the number of varieties that could be tested in a single 
season, which slowed release. Breeders at the IRRI have introduced the Golden 
Rice trait into varieties favored by subsistence farmers in Bangladesh and the 
Philippines. 2016 field trials of Golden Rice in Bangladesh have yielded promis-
ing results77 and breeders are seeking regulatory approval for commercial release.

The case of Golden Rice illustrates the need to ensure that crops developed 
for humanitarian purposes do not require years of negotiations, expensive law-
suits, or overly complex public/ private partnerships. Ingo Potrykus, one of the 
inventors of Golden Rice, sees it this way: “At one time, I was much tempted 
to join those who fight patenting. Upon further reflection, however, I realized 
that the development of Golden Rice was possible only because of the existence 
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of patents. Much of the technology that I had been using was publicly available 
only because the inventors, by patenting, could protect their rights. Without 
patents, much of this technology would have remained secret or not developed 
at all without incentives. To take full advantage of available knowledge to ben-
efit the poor, it does not make sense to fight against patenting. It makes far 
more sense to fight for a sensible use of intellectual property rights.”72

 !  
Gary Toenniessen piloted the Rockefeller Rice Biotechnology Program from 
its inception in 1985 to its completion in 2000.78 Trained as a microbiologist, 
he was responsible for developing and implementing programs that would 
help address environmental problems associated with farming. In 2006, Gary 
and his colleagues at the Rockefeller Foundation joined together with the 
McKnight Foundation and with several of the leading agricultural univer-
sities and plant research institutes in the United States to funds the Public 
Intellectual Property Resource for Agriculture (PIPRA), founded by UC Davis 
professor, Alan Bennett.79 The goal was to ensure that genetically engineered 
breakthroughs and useful technologies were available to less developed coun-
tries and small farmers growing rice and other crops. PIPRA allows universities 
to market their technologies to the private sector (and profit from their inven-
tions) while retaining rights for humanitarian purposes and small crops that are 
vital to small- acreage farmers.79

Other organizations with similar missions have popped up. For example, 
the Open Source Seed Initiative (OSSI) at the University of Wisconsin, the 
Australian research institute Cambia, and the Biological Innovation for Open 
Society (BiOS) group are dedicated to bringing together farmers, breeders, 
and small seed companies to share plant genetic resources.31 Founders of those 
organizations have compared innovation in seed with innovations in computer 
software despite the increased complexity of plant genetic resources.31

In 2016, the NAS reported, “There is good reason to draw compari-
sons with the software model.  .  .  .  {O]pen- source software is outperform-
ing the intellectual- property protected software generated by the Microsoft 
Corporation, one of the largest and most powerful private companies in his-
tory. Furthermore, . . . many existing technologies could solve numerous prob-
lems and save millions of lives if intellectual- property protections were not 
limiting access. Giving smallholder farmers in developing countries greater 
control over their seeds, along with other forms of agricultural knowledge and 
technology, may be foundational to promoting their social welfare.”31
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The Rockefeller Foundation, under the direction of Gary, has also worked 
to improve food security in Africa and has helped to establish the African 
Agricultural Technology Foundation (AATF).80 Because local organizations 
are best able to determine and develop what is relevant to the needs of their 
consumers, the AATF identifies African organizations that would like to use 
publicly available materials and links them with private institutions that could 
further help them to develop new crop varieties, conduct appropriate biosafety 
testing (which remains expensive), distribute seed to resource- poor farmers, 
and create local markets for excess crop production. Several international seed 
companies and the USDA have expressed interest in working with the AATF.80 
For example, Monsanto collaborates with the AATF to develop drought- toler-
ant corn for Africa, a project called Water- Efficient Maize for Africa (WEMA). 
In 2016, the first field trials were planted in Tanzania.81

According to Toenniessen, “Plant Breeders Rights was and, in my opinion, 
could still be an effective mechanism of protecting the intellectual property 
of plant breeders and seed companies without stifling the research and prod-
uct development of others. The problem is with utility patents, particularly 
when applied to the tools for doing research and the products of research. 
Large, multinational seed companies provide the necessary service of delivering 
improved varieties to areas that would otherwise have trouble accessing them. 
However, local seed companies often do a much better job than big corpora-
tions in meeting the needs of farmers with limited purchasing power.” William 
Tracy agrees, “I think most public sector breeders would agree wholeheartedly 
with this. Further, most don’t have any problems with patenting new genes or 
ideas. It is utility patenting of cultivars that most object to.”

 !  
The future of global agriculture is tied to how we create and share agricultural 
innovations. Farmers face many challenges, including the need to reduce the 
negative environmental impacts of food production. To foster innovation, we 
need policies that safeguard access to germplasm and genes for the public good 
and that streamline regulations that impede progress that has the potential to 
benefit farmers, rich and poor. We need to bolster public investment in plant 
biology research that provides the foundation for innovation and breeding of 
crops grown by subsistence farmers. We need to encourage and foster pub-
lic- private partnerships, which bring new and innovative solutions to address 
common problems. This combination of approaches will advance food security 
and enhance sustainable agriculture.

 !  
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