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Executive Summary
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riven by economic and political forces,

food prices soared to record highs in

2007 and 2008, causing hardships
around the world. Although a global food short-
age was not a factor then or now—worldwide food
production continues to exceed demand—those
recent price spikes and localized scarcity, together
with rising populations in many countries and
individuals rising aspirations, have brought
renewed attention to the need to increase food
production in the coming decades. Many com-
mentators and stakeholders have pointed to the
alleged promise of genetic engineering (GE)—in
which the crop DNA is changed using the gene-
insertion techniques of molecular biology—for dra-
matically improving the yields of staple food crops.
But a hard-nosed assessment of this expensive tech-
nology’s achievements to date gives little confidence
that it will play a major role in helping the world
feed itself in the foreseeable future.

This report is the first to evaluate in detail the
overall, or aggregate, yield effect of GE after more
than 20 years of research and 13 years of com-
mercialization in the United States. Based on that
record, we conclude that GE has done little to
increase overall crop yields.

How Else Can Farmers Increase Production?

Among the many current approaches are crop
breeding; chemical fertilizers, herbicides, and pes-
ticides; crop rotation; and organic methods, which
ensure the health of the soil. Nevertheless, GE
crops have received by far the most attention since
they were commercially introduced in the mid-
1990s. Ever since, the biotech industry and others
have trumpeted them as key to feeding the world’s
future population.

The two primary GE food and feed crops are
corn and soybeans. GE soybeans are now grown
on over 90 percent of soybean acres, and GE corn
makes up about 63 percent of the U.S. corn crop.
Within these categories, the three most common
GE crops are: (1) corn containing transgenes
(genes transferred from another organism using
genetic engineering) from Bz (Bacillus thuringiensis)
bacteria that confer resistance to several kinds of
insects; (2) corn containing transgenes for her-
bicide tolerance; and (3) soybeans that contain a
transgene for herbicide tolerance. Now that these
transgenic crops have been grown in the United
States for more than a decade, there is a wealth of
data on yield under real-world conditions. Thus a
close examination of numerous studies of corn and
soybean crop yields since the early 1990s gives us a
good gauge of how well GE crops are living up to
their promise for increasing those yields.

Bottom line: They are largely failing to do so.
GE soybeans have not increased yields, and GE
corn has increased yield only marginally on a crop-
wide basis. Overall, corn and soybean yields have
risen substantially over the last 15 years, but largely
not as result of the GE traits. Most of the gains
are due to traditional breeding or improvement of
other agricultural practices.

While the need to increase food production
is expected to become more urgent, awareness
of the complex interactions between agriculture
and the environment is also on the rise. Many
of the predicted negative effects of global warm-
ing—including greater incidence and severity of
drought, flooding, and sea-level rise (which may
swamp coastal farmland)—are likely to make food
production more challenging. At the same time,
it is becoming clear that the twentieth century’s



2 | Union of Concerned Scientists

industrial methods of agriculture have imposed
tremendous costs on our environment. Agriculture
contributes more heat-trapping gases than does
transportation, and it is a major source of
pollution that has led to large and spreading “dead
zones” devoid of fish and shellfish (themselves
important food sources) in the Gulf of Mexico
and other waterways. As we strive to produce more
food, we must seek to do it in an efficient and
sustainable manner—that is, in ways that do not
undermine the foundation of natural resources on
which future generations will depend.

Defining Yield(s)

It is crucial to distinguish between two kinds of
yield—intrinsic yield and operational yield—when
evaluating transgenic crops. Intrinsic yield, the
highest that can be achieved, is obtained when
crops are grown under ideal conditions; it may also
be thought of as potential yield. By contrast, oper-
ational yield is obtained under field conditions,
when environmental factors such as pests and stress
result in yields that are considerably less than ideal.
Genes that improve operational yield reduce losses
from such factors.

But while operational yield is important, bet-
ter protecting crops from pests and stress without
increasing potential yield will not do enough to
meet the future food needs of an expanded popu-
lation. Food-crop breeders must deliver improve-
ments both in intrinsic yield and operational yield
to keep up with growing demand.

In this report, the record of commercialized
GE crops in producing increases both in intrinsic
and operational yield is assessed. We rely heavily
on experiments conducted by academic scientists,
using adequate experimental controls, and pub-
lished in peer-reviewed journals. These studies,
many of them recent, evaluate GE traits against
other conventional farming practices. In some
cases, the results of earlier widely cited reports are
superseded by these more recent data.

The success of GE technology in producing

new yield traits is also evaluated by examining

specific transgenes associated with yield that have
been tested in experimental field trials over the past
two decades. This focus also provides a measure of
the effort by the biotechnology industry and others
to increase crop yield through GE means.

The Findings

1. Genetic engineering has not increased intrinsic yield.

No currently available transgenic varieties enhance
the intrinsic yield of any crops. The intrinsic yields
of corn and soybeans did rise during the twentieth
century, but not as a result of GE traits. Rather,
they were due to successes in traditional breeding.

2. Genetic engineering has delivered only minimal gains in
operational yield.

Herbicide-Tolerant Soybeans and Corn. Although not
extensive enough to develop precise yield estimates,
the best data (which were not included in previous
widely cited reviews on yield) show that transgenic
herbicide-tolerant soybeans and corn have not
increased operational yields, whether on a per-acre
or national basis, compared to conventional meth-
ods that rely on other available herbicides. The fact
that the herbicide-tolerant soybeans have been so
widely adopted suggests that factors such as lower
energy costs and convenience of GE soybeans also
influence farmer choices.

Bt Corn to Control Insect Pests. Bz corn contains one
or more transgenes primarily intended to control
either the European corn borer (this corn was first
commercialized in 1996) or corn rootworm species
(commercialized in 2004). Based on available data,
it is likely that B corn provides an operational
yield advantage of 7—12 percent compared to typi-
cal conventional practices, including insecticide
use, when European corn borer infestations are
high. Bz corn offers little or no advantage when
infestations of European corn borer are low to
moderate, even when compared to conventional
corn not treated with insecticides.

Evaluating operational yield on a crop-wide
basis, at either a national or global scale, is needed
to determine overall food availability. Given that



about a third of the corn crop in the United States
is devoted to European corn borer Bt varieties,
using the yield data summarized above we estimate
that the range of yield gain averaged across the
entire corn crop is about 0.8—4.0 percent, with a
2.3 percent gain as a reasonable intermediate value.

Similar calculations can be made for Bt root-
worm corn. One of the few estimates from the
literature suggests that Bz rootworm corn provides
about a 1.5-4.5 percent increase in operational
yield compared to conventional corn treated with
insecticides. Extensive field experiments in lowa,
mostly with heavy rootworm infestations, show
a range of values not inconsistent with these esti-
mates. Given that Bz rootworm corn is probably
planted on up to a third of corn acres, the aggre-
gate operational yield advantage for these variet-
ies averaged over all corn acres is roughly 0.5-1.5
percent.

Combining the values for Bt European corn
borer corn and Bt rootworm corn gives an estimat-
ed operational yield increase from the Bt traits of
1.3-5.5 percent. An increase of about 3.3 percent,
or a range of 3—4 percent, is a reasonable interme-
diate. Averaged over the 13 years since Bf corn was
first commercialized in 1996, this equates roughly
to a 0.2-0.3 percent yield increase per year.

3. Most yield gains are attributable to non-genetic engi-
neering approaches.

In the past several decades, overall corn yields in
the United States have increased an average of
about 1 percent per year, or considerably more

in total than the amount of yield increase pro-
vided by Bz corn varieties. More specifically, U.S.
Department of Agriculture data indicate that the
average corn production per acre nationwide over
the past five years (2004—2008) was about 28
percent higher than for the five-year period 1991-
1995, an interval that preceded the introduction of
Bt varieties." But our analysis of specific yield stud-
ies concludes that only 3—4 percent of that increase
is attributable to Bz, meaning an increase of about
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24-25 percent must be due to other factors such as
conventional breeding.

Yields have also continued to increase in other
major crops, including soybeans (which have
not experienced increases in either intrinsic or
operational yield from GE) and wheat (for which
there are no commercial transgenic varieties).
Comparing yield in the latter period with that of
the former, the increases were about 16 percent
for soybeans and 13 percent for wheat. Overall, as
shown above, GE crops have contributed modestly,
at best, to yield increases in U.S. agriculture.

Organic and low-external-input methods
(which use reduced amounts of fertilizer and pes-
ticides compared to typical industrial crop pro-
duction) generally produce yields comparable to
those of conventional methods for growing corn
or soybeans. For example, non-transgenic soybeans
in recent low-external-input experiments produced
yields 13 percent higher than for GE soybeans,
although other low-external-input research and
methods have produced lower yield.

Meanwhile, conventional breeding methods,
especially those using modern genomic approaches
(often called marker-assisted selection and distinct
from GE), have the potential to increase both
intrinsic and operational yield. Also, more exten-
sive crop rotations, using a larger number of crops
and longer rotations than current ecologically
unsound corn-soybean rotations, can reduce losses
from insects and other pests.

4. Experimental high-yield genetically engineered crops
have not succeeded.

Several thousand experimental GE-crop field tri-
als have been conducted since 1987. Although it
is not possible to determine the precise number of
genes for yield enhancement in these trials, given
the confidential-business-information concerns
among commercial developers, it is clear that many
transgenes for yield have been tested over the years.
Among these field trials, at least 3,022 applica-
tions were approved for traits such as disease

1 Operational and intrinsic yields cannot be distinguished in these aggregate yield numbers.
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resistance or tolerance to abiotic stress (e.g.,
drought, frost, floods, saline soils). These traits are
often associated with yield.” At least 652 of the tri-
als named yield as the particular target trait. Only
the Bt and herbicide-tolerance transgenes and

five transgenes for pathogen resistance have been
commercialized, however, and only Bz has had an
appreciable impact on aggregate yields.’

Some of these transgenes may simply not be
ready for prime time. It typically takes several years
of field trials and safety testing before a transgenic
crop is approved and ready to be grown by farmers.
However, 1,108 of these field trials were approved
prior to 2000, not including those for insect resis-
tance or herbicide tolerance. Most of these earlier
transgenic crops should have been ready for com-
mercialization by the time of this report.

To summarize, the only transgenic food/
feed crops that have been showing significantly
improved yield are varieties of Bz corn, and they
have contributed gains in operational yield that
were considerably less over their 13 years than
other means of increasing yield. In other words, of
several thousand field trials, many of which have
been intended to raise operational and intrinsic
yield, only Brhas succeeded. This modest record
of success should suggest caution concerning the
prospects for future yield increases from GE.

What Are Genetic Engineering’s Prospects for
Increasing Yield?

Genetic engineers are continuing to identify new
genes that might raise intrinsic and operational
yields. How likely is it that these genes will in fact
produce commercially viable new crop varieties?
Research on theoretical limitations of plant
physiology and morphology (form)—regarding the
conversion of sunlight, nutrients, carbon dioxide,
and water into food or feed—indicates how much
intrinsic yield may be increased. While opinions
differ about the possibility of achieving dramati-

cally increased yields through improvements in
plant form and the processes listed above, opti-
mistic estimates suggest that yield gains of up to
about 50 percent over the next several decades may
be achievable and that GE technology may play a
prominent role.

These dramatic projections do not consider a
fundamental reason why they may not be easy to
achieve, especially regarding GE. Most of the trans-
genes being considered for the future, unlike the
ones in currently commercialized transgenic crops,
influence many other genes, thereby resulting in
more complex genetic effects. Such genes typically
have multiple effects on a crop, and early research
is confirming that some of these effects can be
detrimental, maybe even preventing the crops’
commercialization altogether. Because such effects
will not always be identified by testing under cur-
rent regulations, improved regulations will be
needed to ensure that harmful side effects are
discovered and prevented.

In other words, even where these genes work as
expected, they may still cause significant environ-
mental or human health impacts, or have reduced
agricultural value in some environments. And
many of these genes will not address the negative
impact of current industrial agriculture, and may
even exacerbate these harmful effects if higher yield
requires more fertilizer or pesticide use.

Given the variety of transgenes tested and
the large amounts of research funding devoted to
them, it would not be unexpected that some of
them may eventually be successful in increasing
yield. But in light of the complexity of their bio-
chemical and physiological interactions, and their
unpredictable side effects, it is questionable how
many will become commercially viable.

Summary and Recommendations

The burgeoning human population challenges
agriculture to come up with new tools to increase

2 TInsect resistance and herbicide tolerance are not included in these numbers because many of those trials include Brand herbicide-tolerance genes that have been commercialized.

3 Virus-resistant GE papaya has prevented substantial yield loss, but it is grown only on several thousand acres in Hawaii and therefore has not contributed significantly to overall

agricultural yield in the United States.



crop productivity. At the same time, we must not
simply produce more food at the expense of clean
air, water, soil, and a stable climate, which future
generations will also require. In order to invest
wisely in the future, we must evaluate agricultural
tools to see which ones hold the most promise for
increasing intrinsic and operational yields and pro-
viding other resource benefits.

It is also important to keep in mind where
increased food production is most needed—in
developing countries, especially in Africa, rather
than in the developed world. Several recent studies
have shown that low-external-input methods such
as organic can improve yield by over 100 percent
in these countries, along with other benefits. Such
methods have the advantage of being based largely
on knowledge rather than on costly inputs, and
as a result they are often more accessible to poor
farmers than the more expensive technologies
(which often have not helped in the past).

So far, the record of GE crops in contributing to
increased yield is modest, despite considerable effort.
There are no transgenic crops with increased intrin-
sic yield, and only Bt corn exhibits somewhat higher
operational yield. Herbicide-tolerant soybeans, the
most widely utilized GE crop by far, do not increase
either operational or intrinsic yield.

Genetic engineers are working on new genes
that may raise both intrinsic and operational yield
in the future, but their past track record for bring-
ing new traits to market suggests caution in relying
too heavily on their success.

It is time to look more seriously at the other
tools in the agricultural toolkit. While GE has
received most of the attention and investment, tra-
ditional breeding has been delivering the goods in
the all-important arena of increasing intrinsic yield.
Newer and sophisticated breeding methods using
increasing genomic knowledge—but not GE—also
show promise for increasing yield.

The large investment in the private sector ensures
that research on GE versions of major crops will
continue, while organic and other agro-ecological
methods are not likely to attract a similar investment.
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But given the modest yield increases from
transgenic crops so far, putting too many of our
crop-development eggs in the GE basket could
lead to lost opportunities. Thus it is very impor-
tant to compare the potential contributions of GE
with those of other approaches, such as organic
methods, low-input methods, and enhanced
conventional-breeding methods. Where these alter-
natives look more promising, we should provide
sufficient public funding to ensure that they will
be available. Such prioritization is especially appro-
priate for research aimed at developing countries,
where yield increases are most needed.

To ensure that adequate intrinsic and opera-
tional yields are realized from major crops in the
coming years, the Union of Concerned Scientists
makes the following recommendations:

* The U.S. Department of Agriculture, state
and local agricultural agencies, and public and
private universities should redirect substan-
tial funding, research, and incentives toward
approaches that are proven and show more
promise than genetic engineering for improv-
ing crop yields, especially intrinsic crop yields,
and for providing other societal benefits. These
approaches include modern methods of con-
ventional plant breeding as well as organic and
other sophisticated low-input farming practices.

Food-aid organizations should work with farm-
ers in developing countries, where increasing
local levels of food production is an urgent pri-
ority, to make these more promising and afford-
able methods available.

Relevant regulatory agencies should develop
and implement techniques to better identify
and evaluate potentially harmful side effects of
the newer and more complex genetically engi-
neered crops. These effects are likely to become
more prevalent, and current regulations are too
weak to detect them reliably and prevent them
from occurring.



