
Issue#27 :,
I

1?N- jAC,C; - 2.-14

Potential Benefits of
Genetically En&ineered
Crops in Em!
How much can they Reduce Pesticide
Use and Increase Farmers' Income?

I June 2002
Prepared by Lawrence Kent and Motaz A. Moniem,

ROt upon the request of the Executive Secretariat of the

National Biosafety Committee (NBC), headed by his

Excellency Prof. Dr. Youssef Wally, Deputy Prime

Minister, Minster of Agriculture and Land Reclamation;

Prof. Dr. Magdy Madkour, Vice President of the NBC,

Deputy Director of the Agricultural Research Center

...
r~

·I!r,l']'''''I~'.'~'," :

(ARC); and Dr. Hanayia E1-Etriby, Director of the

Agricultural qenetic Engineering Research Institute

(AqERIJ, ARC

11 IiAGERI -- B~otec4nology from
Ii I Ii

Laboratoryito Market Place
,'! I',

For over fifty ye~H, resea~hers at the Egyptia~ Agricultural Research Center (ARC)
have been deve~~Ping n wand improved c~op varie\'",ies using conventional plant
breeding techni~' es. Bleeding projects slrifwe to crE\ate varieties that are higher
yielding and mo~ resista t to attacks by pests nd otherstresses.

Ii I I' !

RDJ Policy Brief is puhfished occJsionolly by the Reform D~sign and Jrnplementotioll Vnit (RDI). which is a
component of the jointlj, ~ponsoredMALRIUSAID Agricultutpl Policy Reform Program (APRP). APRP works
/0 support Government bY'.Egypt effO~IS to liberalize andpril'Gti~,e the COWJtry,'s agrtcu/Hual ecollomJt The RDI CUil
conducts studies. mOkk11 policy I~commendalions and h'elps implemem those poUcies thai the GOE
belie\'~s l~ilI ,contribut~11 most di~,ctlY and beneficially to "I',.agriCUltllral, de\'elopment through liberalblt:olI
andprtVGttzollon, I I·

i

I -I'



Potential Benefits of GeneticaUy Engineered Crops in Egypt. Issue 27

In 1991, a new institute was created in the Agricultural Research
Center (ARC) to support the development of improved crop varieties. This
institute, the Agricultural qenetic Engineering Research Institute
(AqERI), has been employing new techniques in molecular biology to
develop new varieties of crops with desirable traits, particularly pest
resistance.

Over the past 10 years, AqERI has been working hard to improve its
capability in the field of biotechnology with state-of-the-art equipment and
up-to-date training latest technologies. AqERI has the most advanced
facilities in the region with more than twelve functional laboratories, and a
greenhouse that includes a biocontainment facility. More than twenty
AqERI researchers have been awarded or will soon be awarded Ph'Ds
from universities in the VS, Japan and Europe. This level of quality -- staff
and facilities -- has brought excellent results in agricultural biotechnology
and genetic engineering. The most far-reaching achievements are as
follows:

• Discovery and isolation of Bacilllus thuringiensis, subspecies aegypti
(C18), a bacterium seen as a unique breakthrough because it can
produce toxins that kill different classes of insects. This bacterium has
been patented in Egypt and the v.s. This discovery has resulted in
development of a new biopesticide registered by the name AqERI N®,
an AqERI product.

• AqERI researchers are now in the final stages of controlled !arge-scale
field testing of qE virus-resistant varieties; such as tomato and squash
viruses, and qE insect-resistant varieties, such as potato tuber moth and
cotton leafand bollworms.

These results have culminated over only ten years of research and
development. They are clear and tangible results that should enable people
to examine objectively the benefits of continuing the development of
biotechnology products and approving them for commercialization in
Egypt.

New Guidelines for Assessing Risk

In April 2001, the Executive Secretariat of the National Biosafety
Committee (NBC) requested the assistance of RDI to help draft new
guidelines for food, feed and environmental safety assessment. These
guidelines, completed in August 2001, were published by RDI in Report
No. 142, Biosafety in Egypt--Combined quidelines for Food and Feed and
Environmental Safety Assessment. The guidelines are proposed as draft
amendments to the Biosafety Regulations and quidelines, which currently
guide the work of the NBC.
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The existing guidelines focus mainly on issues of controlled testing.
The proposed amendments specify the types of questions that must be
answered with testing and scientific data to determine the safety of every
genetically engineered crop before its approval for commercial release. It
is expected that the National Biosafety Committee will use these new
guidelines, once adopted, to guide its risk assessment work. Only crops
that are demonstrated to be safewill be approved.
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Study on Potential
Benefits of GE Crops

During the development of the new
guidelines, several observers in both the NBC
and RDI suggested that a study should also be
conducted on the potential benefits of genetically
engineered (C{E) crops. Information on benefits
will allow decision-makers to balance potential
risks with potential benefits when deciding
whether or not to approve the use of specific
crops. Information on benefits is also relevant to
questions of how vigorously to pursue research
and development of genetically engineered
crops.

In January 2002, RDI initiated a study to
examine five crops -- cotton, maize, tomatoes,
potatoes and squash. The study team selected
these five crops, because they will be the first
crops introduced byAC{ERI into the market.

For each crop, the study team dialogued with
the relevant researchers to determine the purpose
of the genetic modifications undertaken. In
every case, they cited the main purpose as
increasing plant resistance to pests. Moreover,
with all five crops, researchers said that C{E crops
provide better protection against pests than
pesticide sprays. This better protection results in
two primaryeconomicbenefits forthe farmer:

1. Pesticide application is reduced, thereby
reducing the farmer's cost ofproduction.

2. Crop loss from pests is reduced, thereby
resulting in in higheryields.

The study team attempted to quantify these
benefits by comparing expected outcomes for a
farmer with one feddan of a C{E crop and one
feddan of a non-C{E crop. With the C{E crop,
how much will the farmer save in pesticide costs;
how much extra yield can be expected; what is it

worth; how much extra will C{E seeds cost; what
will be the effect on net income from one feddan
ofC{E crop?

Data were gathered to address these
questions by reviewing government statistical
yearbooks, interviewing government crop
specialists, interviewing government and donor
project pest control experts, gathering price
information from pesticide dealers, and
interviewing farmers in their fields. Literature
was also examined from other countries that
have already adopted C{E crops, such as the
United States and China.

The data were analyzed by comparing farm
budgets using spreadsheets to estimate the
economic effects on a per feddan basis.
Sometimes, several "cases" were examined, I.e.,
different effects on farmers that use a lot, a little,
or no sprayed pesticides. Per feddan results were
then multiplied by fifty percent of the number of
feddans grown nationally in each crop. This is
our "Fifty Percent Scenario." The results
proVided an estimate of national economic
impacts of a scenario under which half of the
feddans grown in each of the five crops switches
to grOWing C{E crops.

After estimating economic effects, we also
calculated environmental effects. This consisted
primarily of calculating an estimate of the
reduction in pesticide use that can be expected
when C{E crops are grown. How many fewer
sprays and how many fewer liters of pesticide
will be applied each yearl

Our analysis focused on the adoption of so
called "first generation" technologies - the first
round of crop improvements expected from
current research. A "second generation" of crops
improvements is expected to come later,
significantly expanding the benefits of growing
C{Ecrops.
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Summary of Results:

Cotton: Farmers who plant CiE cotton will no longer need to spray for leaf worms or boll
worms, allowing them to decrease their expenditures on pest management by 160-360 LE
per feddan. They can also expect increases in harvests by 5 to 10 percent. As a result
adopters can expect their net income to increase by LE 460 per feddan per year, even after
paying a premium for the CiE seed. Vnder a 50 percent adoption scenario, cotton farmers'
net income is expected to increase by LE 147 million annually on a national basis.

Vnder the 50 percent scenario, there will be a reduction of 1 .3 million sprays (feddan­
sprays) and a reduction in over one million liters ofpesticide used annually in Egypt.

Squash: Farmers who plant CiE squash will nplongerneed to spray pesticides to retard the
spread of problematic viruses. By switching to CiE squash, a farmer can expect to reduce his
expenditures on pest control and reduce his crop losses. Overall. a farmer who switches can
expect an increase in net income of LE 325 to 535 per feddan, even after paying for the CiE
seed. Vnder a 50 percent adoption scenario, squash farmers' net income is expected to
increasebyLE 23 million annually on a national basis.

Vnder the 50 percent scenario, there will be a reduction of 223 thousand sprays (feddan­
sprays) and a reduction in over 90 thousand liters of pesticide used annually.

Benefits are expected to expand significantly when other curcurbit crops (such as
cucumber) are genetically engineered in a similar way to resist viruses.

Potatoes: Farmers who plant CiE potatoes will no longer need to spray pesticides against
the Potato Tuber Moth (PTM), one of several problems harming potato yields. By
switching to CiE potatoes, the farmer can expect to reduce his expenditures on pest control by
LE 76 per feddan on average (during the summer). He can also anticipate yields that are 2 to
10% higher. Overall. a farmer who switches can expect an increase in net returns of LE 213
to 423 per feddan, taking account of the higher price of CiE seed. Vnder a 50 percent
adoption scenario, potato farmers' net income is expected to increase by LE 9.2 million
annually.

Vnder the 50 percent scenario, there will be a reduction of 35 thousand sprays (feddan­
sprays) and a reduction in 27 thousand liters of pesticide used annually in Egypt.

Benefits are expected to triple if "second generation" traits can be engineered into
potatoes, especially resistance to blights and viruses.

Because Egypt exports about 10% of its potato production, mostly to Europe, the
introduction of genetically engineered potatoes may cause trade problems, even ifprocedures
for market segregation can be established. This risk must be weighed against the potential
benefits.
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Tomatoes. Farmers who plant CjE tomatoes
will no longer need to spray pesticides to control
the whitefly which is a vector for the devastating
Tomato Yellow Leaf Curl Virus (TLCV).
Farmer<; spray often and heavily to try to control
whiteflies. By switching to CjE tomatoes, a
farmer can expect to reduce his expenditures on
pest control by LE 700 to 1,755 per feddan. He
can also anticipate yields that are 7 to 15%
higher. Overall, a farmer who switches can
expect an increase in net returns of LE 1,000 to
2,400 per feddan, even after paying a 25%
premium for CjE seed. Vnder a 50 percent
adoption scenario, tomato farmers' net income is
ex~ected to increase by LE 377 million annually.

Vnder the 50 percent scenario, there will be a
reduction of over a million sprays (feddan-sprays)
and a reduction in over 730 thousand liters of
pesticide used annually in Egypt.

Vnfortunately, it will still take a few more
years of research to develop a CjE virus-resistant
tomato. If successful, the development of this
product will offer huge benefits to Egyptian
agriculture.

Maize: Researchers in both the private and
public sectors have genetically engineered maize
that is resistant to corn borers. These pests are a
severe problem for many farmers who plant in
April, a serious problem for those who plant in
July and August, and a minor problem for those
planting during a "safe period" between May 15
andJune 15. We looked at three different "cases"
during each of these seasons to calculate the
different levels of benefit that a farmer can
anticipate by "switching" to Cjf, depending on
his circumstances and current practices. On a per
feddan basis, farmers' net incomes increase from
LE 70 to 176. Vnder aLE 92 million annually.

Vnderthe 50 percent scenario, there will be a
reduction of half a million sprays (feddan-sprays)
and a reduction in over 160 thousand liters of
pesticide used annually.
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Conclusion

Economically significant benefits for Egypt can be expected if the genetically
engineered crops currently being developed in ACiERI and the private sector are
commercialized and widely adoptedby farmers.

The potential benefits ofa virus-resistant tomato are the largest, because tomatoes are
currently the most heavily attacked and sprayed crops in Egypt.

The potential benefits of CiE cotton are also enormous, because treating cotton leaf
worms and bollworms using pesticides is more expensive and less effective than
geneticallyengineered seed.

Ecpnomic benefits from adopting CiE squash are also im,portant, although only
111,000 feddansare planted with this crop. Benefits will triple when other curcurbits are
also geneticallyengineered for virus resistance.

Economic benefits from adopting CiE potatoes are significant, but less than the other
crops, because PTM is only one of the pests keeping yields down. Second generations
traits that impart blight and virus resistance are more likely to have a large enough positive
impact to balance potential negative trade impacts with Europe from the use of CiE
planting materials.

The economic impact of CiE maize varies greatly from season to season and farmer to
farmer. For those planting in the early season, when attacks by borers are severe, and
farmers spray often for these pests, CiE maize will be attractive. Because nearly two
million feddan are planted in maize in Egypt, even small gains on a per feddan basis add
up to big gains on the national level.

Overall, under a scenario where 50% of the land in each of these crops is planted in CiE
varieties, total benefits are estimated to include on an annual basis, the following two
graphs will summarize the results from this study:

The benefits on annual basis are:
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• An increase in net farmer income of LE
653 million.

• .An increase in food production of 589
thousand tons.

• An increase in cotton production by
115,000 kentars.

• A decrease in pesticide use of 10
million feddan-sprays, equivalent to 2
million liters less pesticide applied.
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Reduclion in pesticide use by adopting GE crops,
All crops comparison
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These estimated benefits should be compared
with perceived risks when policy makers are
debating the wisdom of allowing, delaying, or
preventing the commercialization of CjE crops in
Egypt.

Environmental benefits are also significant.
Fewer pesticides applied to the soil will reduce
the amount of heavy metals and toxic elements
building up in the soil and washing into the
canals. Simply put, fewer pesticides mean better
soil and water quality, and healthier people.
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The detailed study is available from RDI.

RDt is sponsored by the MALR and USAID under the umbrella of the Agricultural Policy Reform
Program (APRP). RDI is led by Development Alternatives, Inc. (DAI), and includes services from the
following subcontractors:

Training Resources Group (TRG)

Office of~Studies and Finance (OSAF)

National Consulting Firm (NCF)
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