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f environmental and economic sustainability is 
ultimately a matter of balancing the human race’s 
consumption and productivity, then the agricultural 

industry leans heavily on both sides of that scale. Its drain 
on the earth’s resources is enormous: it claims 70 percent 
of all freshwater taken by our species and more than 40 
percent of the planet’s solid  surface (nearly all the arable 
land), with attendant casualties in bio diversity. Yet modern 
agriculture is also the only reason we can produce enough 
food to nourish our population of 6.8 billion—a number 
slated to reach more than nine billion by midcentury. 
Keeping up with that steeply rising demand thus defi nes 
the challenge of sustain ability not only for agriculture but 
for humanity.

Agriculture depends on many technologies, but bio
technology might be the most infl uential among them. To 
fi nd out how the industry perceives its prospects for raising 
both global crop productivity and sustainability, con
tributing editor John Rennie spoke with representatives 
of four leading agricultural biotechnology companies. 
What follows here is an abridged version of their edited 
con versation. —The Editors

INDUSTRY PERSPECTIVES

Biotech’s Plans to 
 Agriculture

Popular movements may call for more organic methods, but the agricultural 
industry sees biotechnology as a crucial part of farming’s future

THE PARTICIPANTS  

James C. Borel
Group Vice President, 
DuPont

Valdemar Fischer
President, Syngenta 
Crop Protection, 
North America

David A. Fischhoff
Vice President, Technology 
Strategy & Development, 
Monsanto

Antonio Galindez
Vice President, Crop 
Global Business Unit, 
Dow AgroSciences

KEY CONCEPTS
By 2050 or so, agriculture ■

will need to produce 
about 50 percent more 
food than it currently does 
because of the expanding 
population. Traditional 
crops and farming meth-
ods could not sustain that 
much productivity.

■ Representatives from the 
agricultural industry de-
fend genetically modifi ed 
crops as one of several 
tools that should be used 
to help farmers in devel-
oping countries become 
more productive.

—The Editors
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SCIENTIFIC AMERICAN: How much of indus
try’s effort to make farming and agricultural bio
technology sustainable represents a response to 
a demand in the marketplace for sustainability 
today, as opposed to a sense that there will be a 
future market opportunity or imperative for it?

BOREL: Sustainability is something that’s core 
to DuPont and has been for a couple of hundred 
years. And biotechnology is one of the tools that 
we employ to help us move forward. As I think 
about agriculture, biotechnology is helping us 
help farmers produce more on the same or few
er acres of ground in more sustainable ways. I 
think about biotechnology as a set of tools, and 
they are helping us live out the mission of the 
company.

FISCHHOFF: It’s been one of the goals of agricul
tural biotechnology all along to produce more 
with less, to reduce pesticide inputs, to deal 
with issues such as insufficient water or drought 
tolerance. Increasing population, increasing 
food demand and issues such as climate change 
have only redoubled our focus on those things.

GALINDEZ: You have to also take into account 
that as an industry we need to forecast the mar
ket environment, the regulatory environment, 
the environmental standards 10 or 15 years 
down the road, because every product we discov
er today takes that long to launch to the market. 
You always know that those standards continue 
to increase, and they have done so for the past 
50 years. So I think as an industry, it has always 
been there in the fabric of the way we work.

FISCHER: With the challenges that we have 
going forward—with a growing world popula
tion and changes in diet—we know that in 25 or 
30 years we are going to have to produce 50 per
cent more food than we are producing today. So 
we will have to grow more from less. It is our 
view at Syngenta that biotechnology is one of 
the tools to achieve that goal. To manage this 
challenge, growers will need to have access to 
the best available technology.

SA: Major conservation and sustainability wor
ries involve freshwater and topsoil. What are 
some of the best technological options for tack

© 2009 SCIENTIFIC AMERICAN, INC.
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ling these problems? Perhaps we can talk about 
nontechnological options, too.

FISCHHOFF: For agriculture, the world is divid
ed into those crops that currently get sufficient 
freshwater from sources such as rainfall and 
those for which farmers need to resort to har
vesting water, say, through irrigation or from 
other sources. But I think even in cases where 
crops are primarily rain fed, you could argue 
that nearly every crop at some point during its 
growing season has less than optimal water. 
The ways of addressing that big challenge, both 
at Monsanto and industrywide, are really main
stays of what we do in agriculture these days. 

One is through breeding—by adapting crops 
as best we can and using the natural diversity in 
the crop germplasm to increase the levels of 
drought tolerance, which is the capability to 
better use the water that is available. And over 
and above that, there is enhancing that capabil
ity using genetic engineering techniques—to 
bring new genes into crops and give them great
er tolerance to droughtlike conditions. I think 
both those techniques are showing excellent 
promise. This has been a longstanding problem 
in agriculture and for agricultural biotechnol
ogy, and I think we’re finally seeing the day 
when we can look forward to crops that have a 
much better waterutilization efficiency.

BOREL: Drought tolerance and nitrogenuse 
efficiency are very exciting. They’re not going to 
be ready next year, but they’re not very far away, 
either. If you think about the broader issues that 

you mentioned, often times the solution is a 
suite of technologies or maybe even something 
beyond technology involving management prac
tices. For instance, farmers have moved toward 
significant reductions in tillage, which has 
helped reduce soil erosion and reduced farm
ing’s environmental impact—this has been part
ly enabled by advances in crop genetics, partly 
by better cropprotection chemistries, partly by 
better equipment, and so on. So the whole sys
tem is moving forward, and most times you find 
farmers are as interested or even more interest
ed in environmental sustainability than the 
folks who don’t live on the farm.

FISCHER: In the case of Syngenta, we have pro
grams that identify genetic variation and physi
ological changes in plants that help them to sur
vive drought and other stress conditions, and 
we try to incorporate those genes identified 
through breeding technology. We expect to 
launch our first wateroptimized products after 
2011. We also are developing other alterna
tives. Take the product that we are introducing 
next year here in the U.S. called Invinsa. It pro
tects crop yields during extended periods of 
high temperature and mild to moderate drought 
and other crop stresses.

FISCHHOFF: The general public may not realize 
that in some cases the benefits of modern agri
culture technology come from the dissemina
tion and adoption of conservation tillage and 
reduced tillage methods. And those in turn 
have been largely helped—not solely but large
ly—by the use of herbicidetolerant crops, like 
those with our Roundup Ready trait and oth
ers, which help farmers use lowtillage methods 
much more effectively. It’s not the only reason 
why herbicidetolerance technology is a good 
thing and helps farmers and helps sustainabil
ity, but it’s one of those side benefits that I think 
doesn’t get mentioned often enough.

GALINDEZ: I think all the companies here today 
are going to have significant investments address
ing drought and flood or excessive water or 
reductions in nitrogen fertilizer use. But there 
are other angles. For example, we are benefiting 
from biotechnology today in the area of healthy 
oils. If you look just at the program Dow Agro
Sciences has with omega9 fatty acids, then you 
know we have removed, in the past three years, 
half a billion pounds of trans fats and saturated 
fats from the North American diet. Think about 

NEW STRAINS of crops with 
desirable traits are under 

development using a variety 
of transgenic and breeding 

technologies. Public contro-
versies over the plants’ envi-

ronmental and economic 
effects persist, however.
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Non-GMGM

8.4%

PERCENT OF GLOBAL ARABLE LAND

bi
ll

 b
a

rk
Sd

a
le

 a
ge

 fo
to

st
oc

k 
(s

oy
be

an
s)

; m
el

iS
Sa

 T
h

o
m

a
S 

(il
lu

st
ra

tio
n)

the secondary impact of those health indications 
in the whole environment; that’s another aspect 
 that people are not normally aware of, of  what 
modern agriculture is bringing to the table.

SA: Are there nonbiological aids to sustaina
bility that you in the biotech industry are count
ing on to emerge? For example, I’ve heard hope
ful discussion about improvements in irriga tion 
technologies and ways of using information 
technology to deliver water more prudently to 
crops. To what extent are you in biotech depend
ing on complementary technologies in other 
industries and their timelines for development?

FISCHHOFF: All those technologies really go 
hand in hand. We’ve made a commitment at 
Monsanto to work toward doubling the yields 
in the major crops that we work on—in corn, 
soybean and cotton, in particular—by 2030. 
And we see that result as having to come from 
three different types of effort. One is clearly bio
technology in the sense of new gene insertion 
and new traits. The second is biotechnology 
in the support of breeding—basically, DNA 
marker assisted breeding to enhance and 
improve the rate of yield increase available to 
plant breeders. And then the third is this whole 
area of agronomic practices, which includes 
precision agriculture based on remote sensing 
and global positioning. That is, planting the 
right seed in the right place depending on the 
fi eld conditions or having the precise applica

tion of pes ticides, nitrogen fertilizer or other 
inputs. It takes advantage of new equipment for 
irrigation and new planting technology, for 
example, that would allow putting more plants 
per acre while still getting high yields. I don’t 
think any one of those pieces alone will allow 
us to achieve these goals. I think we really need 
all three working together.

SA: Transgenic technologies are the ones most 
synonymous for the public with the development 
of many of the traits you mentioned.

FISCHER: At Syngenta, we believe that the com
bination of different technologies is actually 
what is going to allow us to increase food pro
duction by 50 percent over the next 25 years, 
which is what we need to do to feed the growing 
world population. So it’s not only biotechnolo
gy; it’s not only seed genetics; it’s also croppro
tection chemicals and the technologies associ
ated with their use. Of course, we know that 
genetically modifi ed foods and pesticide prod
ucts are the most extensively tested and regulat
ed in the entire food sector, so that should give 
us confi dence that when these products come to 
the market they are tested and they are safe if 
they are used according to the labels.

FISCHHOFF: There is still a lot of debate, at least 
in some sectors. I think all my colleagues would 
agree that, by and large, the data show that 
there are welldefi ned, wellcharacterized ben
efi ts: from the reduction of pesticide use in some 
crops to increased yield and increased value to 
the growers. We’ve seen the very rapid adoption 
of the technologies by growers in those coun
tries where they have been available. Certainly 
we have seen this in the U.S. with corn, soybean 
and cotton and with canola in Canada.  

I think there are about double the acres of in
sectresistant cotton planted in India as in the 
U.S., even though GM [genetically modifi ed] 
cotton got a relatively late start there as com
pared with the U.S. I think in every country 
where growers have basically been able to “vote” 
in terms of what they would like, they have seen 
the benefi ts, and there has been this great adop
tion. That speaks volumes.

SA: But the standard rebuttal, as you know, is 
that the benefi ts of GM crops accrue lopsidedly 
to the seed producers and larger farms and not 
necessarily to the smaller farming interests, 
which may be more common in poorer regions. 

  GENETICALLY MODIFIED crops 
make up a small but rising 

share of farm productivity, 
as refl ected in the amount of 

arable land bearing them.

SOYBEANS (below, green) plant-
ed with no-till technologies 

grow amid the stubble in 
a wheat fi eld. Such no-till 
approaches can conserve 

precious topsoil.

© 2009 SCIENTIFIC AMERICAN, INC.



92 SC IE NTIF IC AMERIC AN Oc tober 20 09

0

10

20

30

40

50

60

M
ill

io
ns

 o
f H

ec
ta

re
s 

of
 G

en
et

ic
al

ly
 M

od
ifi

ed
 P

la
nt

s

U.
S.

Ar
ge

nt
in

a

Br
az

il

In
di

a

Ca
na

da

Ch
in

a

Pa
ra

gu
ay

So
ut

h 
Af

ric
a

Ur
ug

ua
y

Bo
liv

ia

Ph
ili

pp
in

es

Au
st

ra
lia

M
ex

ic
o

Sp
ai

n

m
el

iS
Sa

 T
h

o
m

a
S;

 S
o

u
rc

e:
 F

ri
eN

d
S 

o
F 

Th
e 

ea
rT

h 
iN

Te
rN

aT
io

N
a

l,
 2

00
8;

 b
a

Se
d 

o
N

 d
aT

a 
Fr

o
m

 F
a

o
ST

aT
, 2

00
7,

 a
N

d 
iS

a
a

a
, 2

00
8

communi ty. The biotech is not the only ele
ment; it’s not the only tool in the box. But I 
think there are enough facts, if we want to look 
for them, that tell us that it has become one of 
the important tools. Together with machinery, 
together with irrigation technology, together 
with IT and the globalization of information, 
biotechnology is bringing the solution to both 
supply and sustainability.

FISCHER: It’s not only about the benefi ts of the 
technologies that we develop but also the pos
sible tradeoffs that we would have to make. If 
we need to produce more food, we can do so 
either by bringing more acres into production, 
which is going to have an effect on the environ
ment, or by increasing the effi ciency and pro
ductivity of the current acres. I think the answer 
is clear: we should work harder to achieve great
er productivity on the current acres using the 
best technologies available. But that is going to 
be a discussion we need to have as well.

SA: I’m sure you have all often heard the com
ment that the real cause of hunger in the world 
isn’t a lack of food, it’s a problem of poverty. 
That if we’re looking to make sure that all the 
people in the world will be well fed, we need to 
reform much of the rest of the political and eco
nomic fabric of society. Do you disagree? Do 
you feel that there is still an opportunity with 
biotechnology—that maybe it is easier to change 
the technology than to effect social change?

What’s disturbing to a lot of people is the eco
nomic side of the sustainability issue for these 
crops.

FISCHHOFF: There are, by our understanding, 
almost four million cotton growers in India 
who are raising insectresistant cotton now, and 
they are growing cotton on a very, very small 
scale. We’ve seen similar adoption by small
scale growers in the Philippines. In South Africa 
we see it with insectresistant cotton. Those are 
places where the value is clearly on the side of 
the grower, and I think our grower customers 
know that our products are priced to the value 
they deliver, whether the product involves a 
seed, or a genetically modifi ed trait, or a new 
chemical or treatment. The growers get a very 
large share of that total value. Certainly we’re 
all profi tmaking companies and we need to 
make money on what we produce, but I don’t 
think it’s disproportionately shared at all.

GALINDEZ: The big, big challenge in front of us 
in the next 40 years will be meeting the needs 
of the much larger population. You cannot 
meet that supply challenge without doing it sus
tainably. But at the same time, you cannot have 
sustainability without supplying the needs of 
the world over the next 40 years. 

I think that framework brings the discussion 
much more focus. Look at the value in the past 
10 years that biotechnology has brought to 
both the developing and the developed farming 

FOURTEEN “MEGABIOTECH” NATIONS,  as they are 
sometimes called, dominate the production of 
genetically modifi ed crops. One challenge for 
industry will be to create crops suitable for 
more developing countries around the world.

“The big, big chal-
lenge in front of 

us in the next 
40 years will be 

meeting the needs 
of the much larger 

population. You 
cannot meet that 
supply challenge 
without doing it 

sustainably. ”
—Antonio Galindez, 

Dow AgroSciences

© 2009 SCIENTIFIC AMERICAN, INC.



94 SC IE NTIF IC AMERIC AN Oc tober 20 09

a partnership with some of the international 
agricultural institutes and with the Gates Foun
dation on delivering droughttolerance technol
ogy in varieties and hybrids of corn adapted for 
Africa as quickly as possible after it is available 
to growers here in North America.

FISCHER: That’s the same approach that we use 
in Syngenta. We develop our technologies and 
try to adapt them so that farmers all over the 
world can afford them. We have a policy of pro
viding our technology, royaltyfree, to benefit 
subsistence farmers in developing countries.

FISCHHOFF: We also can’t ignore that we are 
now seemingly balanced just about equally 
between grain supply and grain demand every 
year. As the population increases, in order not 
to have more people be undernourished, we 
really need to keep this momentum for increas
ing yield and productivity going forward, or 
we’ll be in an even worse situation.

BOREL: I think it surprises some people to real
ize that in 2008 more than 13 million farmers 
planted biotech crops. The surprise often comes 
when they realize that more than 12 million of 
those were smallscale farmers. There are still 
many countries where the traits and the advanced 
technologies aren’t present yet, but there is a lot 
of work the industry is doing, and we as compa
nies are doing, to get those technologies out 
where they can make a real difference regardless 
of the size of the farming operation. ■

BOREL: Well, maybe if we start with Africa as 
an example, where there are a lot of people suf
fering from poverty and malnutrition, the tech
nology can help. There are stories of farmers 
who have adopted hybrid technology in corn, 
and it’s fundamentally changed their lives—

their ability not just to feed their family but also 
to sell the crop and to have enough money to 
send their kids to school. There are amazing 
stories of impacts on people’s lives with what, 
to us in the U.S., is fairly basic technology. 

But it’s more than just the technology. It takes 
access to credit. It takes land tenure. It takes in
surance. It takes market access and communi
cations. So certainly a focus we all have is to 
bring science to the market in a way that makes 
a difference. But I think—certainly at DuPont—
we’re also working with organizations to try to 
improve the infrastructure development and the 
local capability. In our case, we work directly 
with farmers in virtually all the countries in 
which we operate. In addition to the technolo
gy, it’s working to help them get the right prod
uct on the right acre, whether in the center of 
Iowa or in a local area in Ethiopia.

FISCHHOFF: We can’t solve all the world’s pov
erty and fooddistribution problems, but one of 
the things we can do is make sure that our tech
nologies are accessible and available to farmers 
at all scales and in all countries. 

One example is the way in which we can 
work with other organizations that are better 
able to address those problems. Monsanto has ST
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CROPS MOST COMMONLY MODIFIED include 
cotton, soybeans, corn and canola for 
its oil (left to right). The traits geneti-
cally engineered into them have mostly 
involved greater pesticide resistance.
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