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New technologies have bolstered the remarka-
ble gains in agricultural productivity that the
United States has enjoyed since World War Il. To
a large degree, technology is the foundation of
the U.S. position as the world’s leading exporter
of agricultural products. In recent years, however,
poor export performance has led to questions
about whether the United States can maintain its
edge in agricultural science and technology. This
chapter examines the international transfer of agri-
cultural technology, emphasizing the transfer of

‘Unless otherwise noted, the material in this chapter is drawn from
an OTA contract report entitled “The Potential for Transfer ot U ,S.
Agricultural Technology, ” by Robert E.Evenson, Jonathan Putnam,
and Carl Pray, 1985.

U.S. technology to other countries, including
competitors.

In general, although this country continues to
dominate the field of agricultural technology,
other nations have begun to close the gap. Tech-
nology transfer from the United States has played
an important role in this process, and should con-
tinue to do so in the future. Over the next dec-
ade, the United States’ strategic advantage in agri-
cultural technology may be reduced. Of course,
the introduction of crop biotechnologies into com-
mercial use will enhance the U.S. advantage over
other nations; however, because international dif-
fusion of biotechnology can occur rapidly, U.S.
farmers may enjoy cost advantages for a shorter
period of time than has been the case with tech-
nological innovation in the past.

AGRICULTURAL TECHNOLOGY TRANSFER

In general, transfer of agricultural production
technologies is more difficult than that of other
manufacturing technologies. This process is af-
fected by economic conditions and policies in the
receiving nation, natural resources, and climate.
Agriculture’s biological nature often negates the
possibility of “direct transfer” to another coun-
try or region without adjusting for local growing
conditions; for example, plant varieties must be
adapted to specific soil types. As a result, “adapt-
ive transfer” is more common. Diffusion of sci-
entific findings or techniques—’’pretechnology
science transfer’ '—represents another important
process. This may lead to new inventions in other
countries, or may support efforts to “adapt” tech-
nologies. Also, the transfer of technical and sci-
entific capacity among nations, as in the training
of foreign graduate students in the United States,
constitutes a significant channel for the transfer
of agricultural technology.

Patent Information

Patent registration data provide imperfect but
useful information about invention activity, and
about the direction and pace of technology trans-
fer between countries. One drawback of patent
data is that inventors may not wish to disclose
trade secrets in patent documents, tending to un-
derestimate the actual number of inventions. In-
ternational comparisons of patent data present
other difficulties. For example, about 90 percent
of all patent applications are granted in France,
compared to 35 percent in West Germany; a greater
degree of innovation maybe needed in West Ger-
many to gain patent protection. Evaluation of pat-
ents awarded in a broad range of countries reduces
this problem. Finally, certain agricultural inven-
tions—chemicals and chemical processes, for ex-
ample—are excluded from patent protection in
such major agricultural nations as India, Under
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these circumstances, a foreign technology that can
be imported constitutes an inexpensive alterna-
tive. In this situation, however, foreign firms may
be reluctant to transfer technology, and fewer in-
centives exist to import and adapt foreign inno-
vations.

Three sources of agricultural patent informa-
tion demonstrate trends in the international diffu-
sion of technology, as described below.

U.S. Crop Variety Patents

The Plant Variety Protection Act of 1970 led
to a marked increase in the number of crop vari-
eties registered for patent protection in the United
States. With the exception of patents for such
widely grown forage grasses as fescue, bluegrass,
and perennial ryegrass, foreign firms have not
been particularly active in this area. In contrast,
private U.S. firms have acquired many patents
for an array of minor crops, as well as for major
export crops like field corn, cotton, wheat, and
soybeans (see table 4-1). Although the private sec-
tor has dominated corn breeding over the years,
the growing number of private patents for wheat
and soybean varieties suggests a significant shift
in the locus of inventive activity. The public sec-
tor—U. S. Government, other national govern-
ments, and international research and develop-
ment institutions—has traditionally dominated
the invention and transfer of soybean and wheat
varieties. Now, many U.S. companies with for-
eign subsidiaries, or with joint ventures for re-
search and marketing, are positioned to play a
major role in this process. Also, in addition to
its impact on U.S. markets, the increase in pri-
vate sector patents may affect avenues and rates
of international germplasm transfer for export
crops.

Foreign Patents Granted by the United States
for Agricultural Technology

Foreign firms that plan to transfer or produce
technologies in the United States—directly,
through subsidiaries, or via joint ventures—are
likely to seek U.S. patent protection. U.S. pat-
ent office data indicate that foreign entities ob-
tained between 24 and 52 percent of all patents
in each of seven agricultural technology fields and

in postharvest technology (PHT) between 1980
and 1984 (see table 4-2). Foreign patent activity
is greatest in threshing equipment, fertilizers, and
biotechnology, which claimed shares of 46, 44,
and 52 percent of all patents, respectively. This
suggests that these areas have the highest poten-
tial for technology transfer to the United States.
The proportion of U.S. patents granted to foreign
firms increased from the 1975-79 period to 1980-
84 in five technology fields—planters and diggers,
harvesters, threshers, animal husbandry, and fer-
tilizers.

In contrast, the proportion of patents received
for these technology fields by the U.S. Govern-
ment did not change significantly between 1975-
79 and 1980-84. Nor did the percentage of patents
granted to U.S. citizens rise or fall dramatically,
except for a decline in the field of planter and
digging machinery and an increase in threshing
equipment. In fact, the actual number of patent
applications increased over the decade in only
three other technology fields—harvesting equip-
ment, biotechnology, and PHT,

International Patents for Agricultural
Technology

One way to gauge the potential for technolog,
transfer is to examine international patent activ-
ity. Foreign patents protect property rights for
products that firms plan to market or license in
other nations. International patent data for 7 na-
tions and 13 technology fields between 1978 and
1984 indicate that the United States is a leading
exporter of agricultural and postharvest technol-
ogy. During that period, for example, U.S. inven-
tors were granted 6,555 patents for agricultural
chemical technologies other than fertilizers. One-
half of these patents were granted in this coun-
try, and one-half in the six other nations
examined—the United Kingdom, France, West
Germany, Japan, Canada, and Brazil. In other
words, U.S. inventors obtained a foreign agricul-
tural chemicals patent abroad for every one they
received domestically.

U.S. inventors show an even greater degree of
international patent activity in biotechnology
fields. Inventors in the United States obtained 115
U.S. patents for mutation and genetic engineeer-
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Table 4-l.—Plant Patents in the United States, 1970-84

Total The Netherlands United Kingdom Other - Public
Variety 1970-90  1981-84 1970-90  1981-84 1970-90  1981-84 1970-90  1981-84 1970-90  1981-84

Agrotriticum . ............ 4 0 0 0
Alfalfa .................. 1 17 0
Aster, china.............. 10 0
Barley................... 14
Beans, field...... .. ..... . 3
Beans, garden............ 80
Beans, lima..............
Bentgrass ...............
Bluegrass ...............
Broccoli .................
Buckwheat...............
Cauliflower ..............
Celery...................
Clover,all ...............
Corn, field ............ ...
Comn, pop........
Corn, sweet . .............
Cotton .............. .. .. 8
Cowpea .................
Eggplant ... ... ... ..
Fescue, all............... 12
Lettuce. . ................ 43
Marigold................. 21
Muskmelon .............. 6
Nasturtium .............. 9
Oat ..................... 12
onion ................... 10
Orchardgrass ............ 2
Pea, garden.............. 92
Peanut .................. 8
Pepper .................. 0
Pumpkin................. 4
1
9
2

—
o
WO W

ERONW—,OITLwWOo O — P —ul
=

w —
OO —WWOMN LW WD — N
OO0 O— 00O OO

o

—

(S5
CWW—WMRRN — N -

Fopprn

Rice .............. ... ..
Rye ................ ... ..
Ryegrass, annual

and other..............
Ryegrass, perennial .......
Safflower ................
Sainfoin ......... ... ...
Soybeans . ...............
Squash..................
Sunflower ............. ..
Sweetpea. . . .............
Tobacco.................
Tomato..................
Trefoil Birdsfoot..........
Triticale .................
Tumnip. . ...
Vetch, common ..........
Watermelon..............
Wheat, common ........ ..
Wheat, Durum and other. ..
Zinnia ...l
Others (minor grasses

and flowers) ........... 14 { 1 3 2

Totals ................. - - 22 45 7 6 1 5 107 50

SOURCE Robert E Evenson. Jonathan Putnam, and Carl Pray, “The Potential for Transfer of US Agricultural Technology” contract report prepared V-o; the Office
of Technology Assessment, 1985
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Table 4-2.—U.S. Patents Granted in Agricultural Technology Fields

Earthworking Planters, Harvesting Threshing

Animal ~ Postharvest

equipment  diggers equipment equipment _husbandry Fertilizers Biotechnology technology

Patents granted

1975-79 . . 554 128 339 83 807 1,251 493 2,866

1980-84 .. .............. 451 120 418 96 786 1,085 527 2,340
Ratio, 1980-84/1975-79 . . . .. .. 0.82 0.94 1.23 1.16 0.97 0.87 1.06 0.82
Percent U.S. corporation

1975-79 . . 38 25 50 55 24 58 40 52

1980-84 .. ... o 36 33 48 35 24 52 42 49
Percent U.S. Government

1975-79 . . oo 00 02 00 00 01 01 03 03

1980-84 . ... 01 02 00 01 01 02 02 01
Percent US individual

1975-79 . . 27 36 26 12 58 03 03 12

1980-84 . .. ............ 30 28 24 18 51 02 04 13
Percent foreign origin

1975-79 ..o 35 35 24 32 17 38 54 32

1980-84 . ...t 34 38 28 46 24 44 52 27

SOURCE: Robert E. Evenson, Jonathan Putnam, and Carl Pray, “The Potential
of Technology Assessment, 1985

ing technologies, as opposed to 350 in this field
in the six other countries. U.S. inventors received
183 patents in Japan for mutation and genetic
engineering, more than at home.

Table 4-3 shows that the United States is a net
exporter to these other nations in each of the 13
technology fields, and is a net exporter to most
of the countries individually. U.S. patent activ-
ity abroad is most pronounced in the biotechnol-
ogy fields, agricultural chemistry, and posthar-
vest technologies.

Table 4-4 indicates what types of technology
are most readily transferred among these seven
countries. It shows the ratio of the total number
of patents granted in a field in all countries to the
patents granted in origin countries in the same
field. For example, the seven countries granted
23,814 patents in agricultural chemistry, which
was the largest number in any field; 13,397 of
these were obtained by inventors in their own
country. The ratio of total-to-origin patents was
1.78; a total of 78 agricultural chemical patents
were received in the six foreign nations for every
100 received in the home nation. Once again, bio-
technology and agricultural chemicals represented
the fields with the greatest relative degree of trans-
fer. For mutation and genetic engineering tech-
nologies, slightly more international patenting
activity occurred than patenting activity within
countries of origin, for a ratio of 2.12.

for Transferor US Agricultural Technology,” contract report prepared for the Office

Further analysis of international patent data for
these countries reveals that:

* The United States imports a significant
amount of agricultural chemistry and fer-
tilizer technology from West Germany.

+ Canada and Brazil stand out as substantial
net importers of agricultural technology. The
Canadians produce a great many inventions,
but import even more from the United States.
The Brazilians patent relatively few inven-
tions while maintaining significant imports,
primarily from the United States.

* In most fields, U.S. patents are outnumbered
by those of Japan, which:

. is overall a net exporter although it im-
ports in several fields [and] outproduces the
two traditional invention economies, France
and the U. K., in all fields except agricultural
chemicals. Japan is also an exporter of some
biotechnology and will probably become a
large exporter in the future.

* Biotechnology inventions that enter the
United States could become a significant fac-
tor in the growth of domestic agricultural
productivity. Because this country represents
a large, relatively affluent market, in which
the adoption of new technologies proceeds
rapidly, it tends to attract emerging biotech-
nology. All other things being equal, lower
production costs that result from biotechnol-
ogy will benefit U.S. farmers, and domestic
and foreign consumers.
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Indirect Transfer of Agricultural
Technology

Because of its biological basis, agriculture—
more than most production processes—reacts to
local conditions. As a result, direct international
transfer of agricultural technologies is not a com-
mon occurrence. For example, foreign use of
wheat germplasm developed in the United States
demands a high degree of adaptation. Even within
the United States, technologies that have proven
successful in some areas require a measure of
adaptation to agro-climatic conditions in others.
As a result, a considerable amount of international
technology transfer takes on the form of scien-
tific information, knowledge, and techniques.
This section addresses the process of scientific
transfer, for agricultural and postharvest tech-
nology.

Patent Citations

Patent applications in the United States contain
“citations” of scientific literature, which help to
distinguish an invention proposed for patent pro-
tection. Patent citations capture the process of
adaptive technology transfer, providing “a kind
of pedigree of the intellectual or technical parent-
age” for an invention.

Table 4-5 provides the number and origins of
patent citations in eight agricultural and posthar-
vest technolog,(PHT) fields for two periods,
1975-79 and 1980-84. Over the 10-year timeframe,
the percentage of citations of foreign literature in-
creased in every field:

In the early period, 29.1 percent of all patents
were granted to foreigners (foreign patents of U.S.
ownership are not included), while 17.5 percent
of all cites were to foreign patents. In the second
period, 32.2 percent of all patents were granted
to foreigners while 23.6 percent of all cites were
to foreigners. Thus the citation data are consist-
ent with a growing foreign role in U.S. [agricul-
ture and postharvest] invention and with the rec-
ognition that foreign invention is a growing part
of the intellectual structure of [those] inventions.

Scientific Publications

As noted earlier, many inventions relevant to
agriculture and postharvest technology are not

patented. However, another way to evaluate
adaptive transfer of agricultural science and tech-
nology, and the United States’ standing in that
process, is to examine scientific publications in
these fields. Among 24 major agricultural nations
and in 10 “traditional” agricultural technology
fields, the United States ranked first in scientific
publications between 1978 and 1982; U.S. pub-
lications totaled 289,061 over this period. The
United Kingdom, with 100,135 publications, and
India, with 89,750 publications, placed second and
third. Significantly, India ranked second in the
areas of plant breeding, plant pathology, crop sci-
ence, and soil science.

Between the two periods examined, 1973-77 and
1978-82, the United States maintained its stand-
ing among these countries, although the total
number of U.S. publications dropped by 22 per-
cent in animal nutrition and by 3 percent in plant
breeding. Publications grew significantly in four
scientific fields between the timeframes: veterinary
medicine, 59 percent; soil science, 40 percent;
entomology Zhematology, 39 percent; and animal
breeding, 31 percent (see table 4-6).

The United States gained in the 24-nation share
of publications in 6 of the 10 fields—animal breed-
ing, weed science, plant breeding, plant pathol-
ogy, crop science, and soil science—lost share in
3—animal nutrition, entomology /hematology,
and veterinary medicine, and held steady in dairy
science (see table 46). India is the only other coun-
try to demonstrate significant gains in terms of
world literature share in the agricultural sciences.

Comparing U.S. distribution of publications by
field with that of other countries provides another
indication of technology transfer. Statistical corre-
lation shows that the structure of U.S. literature
resembles that of 12 other countries, assuming a
correlation coefficient greater than 0.900: Can-
ada, Australia, the United Kingdom, France, West
Germany, The Netherlands, Switzerland, East
Germany, Mexico, Argentina, Japan, and lIsrael,
The diffusion of technology, and of scientific
knowledge and methods in particular, appears to
occur most easily between the United States and
these nations. Correlations are also close with
New Zealand, Poland, and Egypt.



Table 4-5.— U.S. Patents Granted in Agricultural Technology Fields

Earth working Planters, Harvesting
Equipment diggers equlpment
Patents granted
1975-79 554 128 339
1980 -84,. 451 120 418
Ratio, 1980-84/1975-79 0.82 0.94 123
Percent foreign orlgin
1975-79 35 35 24
19 80 -8 4 34 38 28
Cltatlons/patent
19 7 5 - 7 9 952 1701 571
1 9 8 0 . 8 4 1162 2045 746
Percent foreign cttes (Indirect)
1975-79 17 10 20
1980 -84 14 09 21
Percent foreign cites (direct)
1975-79 12 12 05
1980-84 15 18 10

SOURCE Robert E Evenson Jonathan Putnam and Carl Prav
of Technology Assessment 1985
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Threshing Animal Postharvest
equipment husbandry Fertlllzers Biotechnology technololgy
83 807 1,251 493 2,866
96 786 1,085 527 2340
116 097 087 106 082
32 17 38 54 2
46 24 44 52 27

1319 1567 753 1264 708
1354 1683 943 1311 968

08 03 20 15 13
1 06 20 18 17
03 01 05 02 05
05 03 1 03 08

The Potential for Transfer of U S Aaricultural Technoloay

contract report prepared for t he Offce

Table 4-6.—Total Publications in 24 Countries for 10 Applied Agricultural Science Fields
and U.S. Share, 1973-77 and 1978-82

Total publications
Scientific field 1978-82 U.S. share
Animal breeding 39,680 +0.216
Animal nutrition . . . 30,616 —-0.240
Crop science ., . . ., . . . .. 47,424 +0.189
Dairy  science ., ., ., . . 43,440 0.163
Entomology /hematology 46,113 -0.194
Plant breeding . ., . . . 48,786 +0, 178
Plant pathology ... . . ., 29,260 +0.168
Soil science . . 50,658 +0.203
Veterinary medicine ., . . . . 191,965 — 0154
Weed science 19,492 + 0.328

Gain in share since 1973-77
Loss in share since 197377

SOURCE Robert E Evenson Jonathan Putnam and Carl Pray
of Tec h nology Assessment 1985

The Role of International Agricultural
Research Centers (IARCS)

An important recent development in interna-
tional agriculture is the formation of International
Agricultural Research Centers (IARCS). Thirteen
IARCs now conduct a variety of agricultural re-
search and development projects, specializing in
productivity gains in tropical agriculture. The
two most renowned centers, the International
Maize and Wheat Improvement Center in Mexico
(CIMMYT) and the International Rice Research
Institute in the Philippines, played central roles
in the development and dissemination of high
yielding varieties of wheat and rice—the corner-
stone of the “green revolution. ” For these and

Total publications Ratio
1973-77 U S share 1978-82/1 973-77
30,435 0.182 1.31
39,164 0.255 078
41,722 0.160 1,14
35,882 0.163 118
33,126 0.233 139
50,204 0.161 097
28,030 0137 1,04
36,096 0,167 1.40

121,319 0.189 159
141361 0,303 109
The Potent (al for Transferof U S Agricultural Technology contractreport prepared for the of fice

other agricultural commodities, IARCS train large
numbers of scientists of less developed countries
(LDCS), disseminate genetic materials like new
seed varieties, and release scientific information.
“The IARCS function partly as a transfer station
between work in the research centers in the de-
veloped countries and the LDCS. ”

A recent study examined the effects of IARC
activities on crop productivity for 10 crops in 25
developing countries,*and concluded that “IARC
programs contributed positively to crop product-
ivity improvement in maize, millets, sorghum,

Robert EEvenson, The TARCS Evidence ot Impact on National
Researc h Extension and Productivity, * studv paper preparedtor the
Consultative Groupot the World Bank, Washington, DC 1986
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wheat, rice, beans, groundnuts, cassava and pota-
toes. ” Moreover, the study reinforced the notion
that growing conditions influence technolog, trans-
fer for most crops:

The IARC impact was higher in countries with
gee-climatic conditions similar to those of the
IARC host location. For cassava and rice little im-
pact beyond the host countries was measured,
showing less transfer potential. Only wheatshowed
high transferabilit,outside the similar regions.’

Agricultural Research Capacity

Investment and personnel devoted to agricul-
tural research indicate the dynamics of a nation’s
agricultural sector (see table 4-7). Between 1959
and 1980, worldwide expenditures for public agri-
cultural research programs increased significantly,
by 360 percent after inflation. The number of
scientist-years committed to agricultural research
more than tripled during the same period. Dra-
matic growth occurred during the first decade of
this period; worldwide, research expenditures and

‘Ibid.

personnel rose more rapidly between 1959 and
1970 than between 1970 and 1980.

Striking differences exist between different parts
of the world in spending and employment pat-
terns for agricultural research over the 20-year
period. All regions spent more and employed
more people in 1980 than they had in 1970 or
1959, but changes occurred in regional shares of
worldwide investment and personnel. Eastern Eur-
ope and the Soviet Union together fell from about
28 percent of world expenditures in 1959 to 20
percent in 1980, and from 38 percent of world per-
sonnel to 35 percent. North America and Ocea-
nia dropped from 37 percent of world expendi-
tures to 23 percent, and their personnel share
declined from 18 to 9 percent. Western Europe
and Asia gained significantly in percentage share.
Africa held steady, although its proportion of re-
search personnel did rise slightly. The largest ex-
pansion of research capacities occurred in devel-
oping countries:

Research spending increased by a multiple of
5.8 in developing countries in Latin America, 6.9

Table 4-7.—Agricultural Research Expenditures and Scientist-Years, by Region, 1959-80

Expenditures Manpower
(000s constant 1980 U.S.$) (scientist-years)

Region/subregion 1959 1970 1980 1959 1970 1980
Western Europe . . .. ... .. 274,984 918,634 1,480,588 6,251 12,547 19,540
Northern Europe . . . ... ....... .. ...... 94,718 230,135 409,527 1,818 4,409 8,027
Central Europe . . . .. ... ... . ... ... .. 141,054 563,334 871,233 2,888 5,721 8,827
Southern Europe . . .. ......... ... . ... .. 39,212 125,165 208,828 1,545 2,417 2,636
Eastern Europe and USSR, . . . . . .. ... 568,284 1,282,212 1,492,783 17,701 43,709 51,614
Eastern Europe . . . ........ i 195,896 436,094 553,400 5,701 16,009 20,220
USSR ... 372,388 846,118 939,383 12,000 27,700 31,394
North America and Oceania . . . . ........... 760,466 1,485,043 1,722,390 8,449 11,688 13,607
North America . . . .......... ... ....... 668,889 1,221,006 1,335,584 6,690 8,575 10,305
Oceania. ......couvviiiiinnnnn, 91,577 264,037 386,806 1,759 3,113 3,302
Latin America . . . . ... ... . e 79,556 216,018 462,631 1,425 4,880 8,534
Temperate South America . .. ............ 31,088 57,119 80,247 364 1,022 1,527
Tropical South America . .. .............. 34,792 128,958 269,443 570 2,698 4,840
Caribbean and Central America . . . . ... .. 13,676 29,941 112,941 491 1,160 2,167
Affica . ... 119,149 251,572 424,757 1,919 3,849 8,088
North Africa . . . ....... ... . . ... 20,789 49,703 62,037 590 1,122 2,340
West Africa. . .. .......... 44,333 91,899 205,737 412 952 2,466
EastAfrica.............. ... .. ...... 12,740 49,218 75,156 221 684 1,632
Southern Africa . . ... ........ .. ... ... 41,287 60,752 81,827 696 1,091 1,650
ASia . . 261,114 1,205,116 1,797,094 11,418 31,837 46,656
WestASia . .....ovvii i 24,427 70,676 125,465 457 1,606 2,239
SouthAsia.......... ... 32,024 72,573 100,931 1,433 2,569 5,691
Southeast Asia. .. ................. ..., 141,469 521,971 734,694 7,837 13,720 17,262
China....... ... ... . 54,166 502,491 643,555 1,250 12,250 17,272
World total . . .. ........ .. .. ... . ... 2,063,553 5,358,595 7,390,043 47,163 108,510 138,039

SOURCE Robert E. Evenson, Jonathan Putnam, and Cartay, “The Potential for Transfer of U S Agricultural Technology, " contract report prepared for ‘t he Off Ice

of Technology Assessment, 1985
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in Asia and 3.6 in Africa. Scientist man-year mul-
tiples were 6.0 in Latin America, 4.1 in Asia and
4.2 in Africa. This is in contrast to spending and
personnel multiples for public sector agricultural
research in the U.S. of 1.9 and 1.4 respectively.
The major competitors, Canada, Australia, Ar-
gentina and Brazil, had spending multiples of 2.4,
4.0, 2.1 and 1.4, respectively.

Further analysis of world expenditures and per-
sonnel devoted to agricultural research shows that
between 1959 and 1980, research expenditures in
developing countries grew at a faster pace than
agricultural extension expenditures as a percent-
age of the value of agricultural products. As a re-
sult, the intensity of research and extension are
now approximatel equal in developing countries.
This reorientation signifies a more sophisticated
and balanced capability for adaptive research
within the developing world than that which ex-
isted two decades ago.

Capacity Transfer: Foreign Students
Trained in the United States

One of the most significant avenues for trans-
fer of technology, and of scientific knowledge and

technique in particular, has been the training of
scientists from developing countries in the United
States and other developed nations. Table 4-8 in-
dicates the total number of U.S. doctoral degrees
awarded in agricultural and related fields between
1960-64 and 1975-79; during this period, over
7,500 such degrees were awarded to foreign stu-
dents. In most fields, foreign students represent
a growing share of degree recipients-over 40 per-
cent in agronomy, which includes crop breeding
and soil science, veterinary medicine, agricultural
engineering, agricultural economics, and general
agriculture. In contrast, in the related and impor-
tant field of genetics, the percentage of foreign
Ph.D. recipients over this period fell from 48 per-
cent in 1960-64 to 25 percent in 1975-79. In the
1975-79 interval, approximately 16 percent of for-
eign students with temporary visas planned to re-
main in the United States for postdoctoral studies.
The majority of these planned to obtain employ-
ment in either education or government.

TECHNOLOGY TRANSFER AND MAJOR EXPORT CROPS

Important differences exist in the avenues of in-
ternational technology transfer for three major
U.S. export crops: corn, wheat, and soybeans. In
some cases, as with hybrid corn seed, indirect
technology transfer takes place through multina-
tional companies. For other crops and technol-
ogies, such as soybean varieties, direct transfer
from the United States to other countries has
occurred via public research entities or interna-
tional research centers. For all three crops, an ac-
celerated pace of agricultural technology trans-
fer has resulted from worldwide improvements
in public and private research capacity over the
past few decades, especially in the developing
world. Moreover, the international exchange of
scientific knowledge and trained scientists are im-
portant routes for the diffusion of technology that
affects corn, wheat, and soybean productivity.

Technology transfer brings many benefits to
agricultural production and trade. U.S. farmers
gain from certain technology imports, although
transfer generally flows toward agricultural pro-
ducers in other nations—includin international
competitors. Because technology transfer tends to
lower the price of crops throughout the world,
it facilitates consumption. In a number of cases,
U.S.-based multinational firms have the lead in
a particular technology, and can profit through
technology exports, or through production and
sales via subsidiaries or joint ventures in other
countries. U.S. farmers may benefit from such
transactions indirectly, since many U.S. firms
reinvest profits in domestic research and devel-
opment. Finally, agricultural technology transfer
that boosts income in other countries may trans-
late into increased trade with the United States.
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Table 4-8.—Total Number of Ph.D. Degrees Awarded in 20 Fields Associated With Agriculture and
Home Economics and the Proportion of Degrees Awarded to Non-U.S. Citizens With a Temporary Visa®

1960-64 1965-69 1970-74 1975-79
Percent Percent Percent Percent

Fields Total foreign Total foreign Total foreign Total foreign
Agronomy, including soils and soil

SCIEBNCE . . o ottt 711 28.0 873 36.8 1,150 38.1 1,060 435
Horticulture . . . ............. ... .... 237 27.8 334 335 321 34.9 321 34.0
Forestry . . ... ... . . 66 9.1 172 15.1 249 19.3 304 26.1
Entomology . . . .......... ... .. ... 444 25.2 651 21.8 823 20.8 685 25.1
Phylopathology . . . .................. 385 30.4 561 29.6 468 29.3 410 31.9
Physiology-plant . . . .. ............... 96 27.1 262 294 287 25,5 183 28.4
Physiology-plant and animal,......... 160 131 - -
Animal husbandry, animal science,

and nutrition . . ... ... ... L 573 15.7 649 27.6 651 26.5 667 28.4
Veterinary medicine . . . ... ........... 96 26.0 184 23.9 196 37.3 152 44.1
Physiology-animal . . ................. 163 8.6 509 14.3 732 12.8 590 12.6
Agricultural engineering . . . . . ... ... .. 97 21.6 181 19.9 309 31.1 235 45.5
Agricultural economics®. .. ... .. ..... — - 92 30.4 794 33.4 742 42,7
Food science and technology . . . . . . .. — - - 373 30.8 510 35.1
Agriculture and food chemistry . . . .. .. 160 40.0 223 27.4 160 20.6 42 33.3
Fish and wildlife . . .. ................ 65 13.8 90 7.8 204 10.3 255 11.4
Agriculture (general and other) . .. ... .. 116 27.6 314 33.1 519 313 383 40.2
Nutrition  and/or  dietetics™. . .. ........ — - - - . 283 7
(Other) home economics . .. .......... 22.7 150 21.3 133 16.5 269

Subtotal . ........... ... . ... ... (3,497) (23.6) (5,035) (28.0) (7,274) (27.9) (7,887) ?
Biochemistry . . . ....... ... ... .. ..., 696 17.8 1,099 19.4 1,140 15.5 1,019 ?
Genetics . .. ... ... 296 48.0 418 35.2 444 30.5 372 25.3
Totals . . ... .. 4,489 23.3 6,662 26.5 8,858 26.4 8,478 29.4

AForeign s defined as a Ph D recipient of a US university who has a temporary visa
bin fiscal year 1962, “Physiology” was_broken out into “Animal Physiology” and “Plant Physiology” ) .
C-Animal Science' was added as a field ;n fiscal year 1973 Field was changed to 'Animal scicnce and Animal Nutrition” In fiscal year 1977

dAdded as a field in fiscal year 1969.

€ Nutrition” dropped as afield in fiscal year 1960 “‘Nutrition and/or Dietetics'added as a field n fiscal year 19

SOURCE Robert E Evenson, Jonathan Putnam, and Carl Pray, “The Potential for Transfer of US Agriculturai Technoloay.” contract report prepared for the Off Ice

of Technology Assessment, 1985

International Transfer of
Corn Technology

As much as any other U.S. crop, technologi-
cal change has altered postwar corn production.
Conventional plant breeding, more frequent and
more efficient use of nitrogen fertilizer, and as-
sorted “production management technologies”
should continue to increase corn yields through
the end of the century. Even greater potential for
increasing corn yields may lie in biotechnologies
that will enter commercial markets by the mid-
1990s. Plant growth regulators for corn could
have the largest impact of any biotechnology, fol-
lowed by photosynthetic enhancement, breeding
techniques like cell and tissue culture, and bio-
logical nitrogen fixation. Developments in pesti-
cide and fertilizer technologies will play impor-
tant roles as well.

How rapidly and by what routes might these
technologies be transferred to other nations, in-

eluding U.S. competitors? As befits the U.S. po-
sition as the world’s top producer and trader of
corn, this country generally leads in corn tech-
nology. In particular, U.S. companies figure crit-
ically in the development and dissemination of
chemicals and biotechnology. U.S. and multina-
tional firms either operate subsidiaries or partici-
pate in joint ventures in every major corn pro-
ducing nation:

Pioneer Overseas Corporation, Cargill, and
DeKalb/Pfizer have subsidiaries or joint ventures
in all of our major competing countries. These
subsidiaries or joint ventures all have some re-
search capacity. Northrup-King and Funk Seeds
have subsidiaries in all of these areas except Thai-
land where Funk is just starting a research pro-
gram. All of the major seed companies are active
in Europe.

Moreover, U.S. companies play a crucial role
in the development of hybrid corn seed. Most corn
produced in the United States comes from hybrid



seed developed by these firms, although inbred
varieties that result from public sector research
often serve as one of the hybrid parents. To the
extent that productivity-boosting corn technology
will center around seed, U.S. and European multi-
nationals will be the main channels for direct and
rapid transfer.

Genetic material, research methods, and basic
knowledge may be transferred rapidly and
directly by these companies. For example, a hy-
brid, high-yield corn seed that is rich in carbo-
hydrates, resists certain diseases, or has other sim-
ilar traits, could be transferred by a private
U.S.-based multinational to Argentina, Europe,
and South Africa, and could enter commercial use
within a relatively short time—perhaps several
years. These countries possess temperate climates
similar to that of the United States, and offer
large, accessible, and lucrative markets. Further-
more, governments often encourage and assist
such transfer, particularly those of developing
countries like Argentina and Brazil.

Hybrid corn seed developed for temperate cli-
mates would probably need to undergo biologi-
cal adaptation before entering such tropical coun-
tries as Brazil and Thailand. As a result, new
knowledge in general, and new research methods
in particular, are critical forms of genetic tech-
nology transfer to these nations. Moreover, the
CIMMYT and State-sponsored research efforts
play a more important role than private compa-
nies in transferring genetic material to the tropics.

Even if new corn hybrids are not transferred
directly, many U.S. seed companies contribute to
plant breeding programs in competing nations,
which may lead to new, higher yielding, locally
developed corn hybrids within the next few years.
Programs of this type have already increased corn
yields in Argentina and Brazil over the past dec-
ade. Transfers may occur in the reverse direction
as well; germplasm collected in tropical countries
has been an important and controversial source
of genetic material for corn breeding programs in
the United States.

In addition, multinational companies could fa-
cilitate the transfer of chemical technologies for
corn production, and for pesticides and plant
growth regulators in particular. These firms con-
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duct most of the important research and devel-
opment for corn pesticides and corn hormones.
Two European chemical companies, Ciba-Geigy
and Shell, market corn herbicides in the United
States and maintain significant product develop-
ment programs. These firms also “have extensive
sales, production and research programs in Latin
America and Asia. ” Similarly, U.S. companies
that dominate corn herbicides and insecticides
“have major sales programs in Europe and South
America, They also have applied research and de-
velopment programs in many countries. ”

Market characteristics and the security of prop-
erty rights influence the pace at which U.S. com-
panies introduce new agrichemicals to agricultural
competitor nations; the cost of building a produc-
tion plant or distribution network for a new prod-
uct is weighed against the size of the market and
the availability, cost, and efficacy of competing
products. A number of large, lucrative markets
for agrichemicals, such as Australia, Canada, and
Europe, do possess mature chemical industries
that can replicate new technologies. However,
strong patent protection in these nations should
allow U.S. firms to market new products rapidly.
Patent protection is not as secure in other coun-
tries, but not all U.S. chemical companies perceive
the risk of infringement in the same way. For
example:

Argentina has a patent system but has not
signed the Paris convention on patents and so one
company, which is very concerned about patent
rights, stated their reluctance to introduce their
newest chemicals there. Most other companies did
not appear to have particular concerns about Ar-
gentina.

Similarly, Thailand’s new and as yet untested
patenting system could affect transfer of agrichem-
icals: “One major American company will not ex-
pand into Thailand or introduce new products
there because it feels that it recently had a new
product stolen by a Thai company. ” However,
“other companies are attracted to Thailand be-
cause the [pesticide] registration requirements are
almost nonexistent and so companies can intro-
duce a new product very quickly. ”

Relatively lax registration requirements are
common in developing countries, which benefits
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companies in developed nations that produce and
market chemicals and uses of chemicals that have
been banned or restricted in their home country.
Also, insecticides and disease control agents, or
“fungicides,” are not widely used for corn pro-
duction in developing countries, and appear to
be prime candidates for technology transfer.
Broad spectrum herbicides represent another pos-
sibility for transfer to the developing world.

International Transfer of
Wheat Technology

International competitiveness in wheat produc-
tion has become a sensitive issue to the United
States, in the wake of recent declines in the U.S.
share of the world wheat market. International
developments in wheat production technology
have an important effect on this market. Conven-
tional plant breeding programs, which formed the
basis for the “green revolution” in wheat produc-
tion during the past two decades, will continue
to produce high-yield wheat varieties—perhaps
the most important source of productivity im-
provement over the next 5 to 10 years. Improved
management techniques, combined with new
plant varieties, will facilitate the multiple-cropping
of wheat and other crops, effectively extending
wheat’s already wide geographic range. Wheat
growth regulators, which may enter the market
within the next decade, should boost yields
moderately, as may the development of hybrid
wheats. The United States occupies an important
position in the development and dissemination of
these technologies.

In contrast with corn, the breeding and trans-
fer of wheat germplasm is dominated by the public
sector. Many programs are sponsored by national
governments and by CIMMYT, which played a
key role in the “green revolution. ” In the United
States, varieties developed by public research
comprise more than 90 percent of all wheat
acreage.

Direct regional and international transfer of
wheat varieties is rare, due to varying growing
conditions and, in some cases, different prefer-
ences for specific types of wheat. Even within the
United States, for example, wheat varieties remain
site-specific: soft white wheats are suited to some

areas, and hard red winter wheats are suited to
others. Moreover:

. each country has to produce its own varieties
using the characteristics of germplasm from
around the world. If the country does not have
local capacity to do research it cannot use the
qualities in the germplasm like disease resistance
or, in the future, biological nitrogen fixation.

Even where varieties are transferred to other
regions, preferences and grading standards for
specific types of wheat can cause delays. The “era”
variety of wheat produced yield increases of up
to 25 percent when released in Minnesota in 1970,
but Canada did not adopt this crop until recent
years because of stringent standards imposed by
that country’s wheat board. Release of a high
yielding, rust-resistant wheat variety developed
by CIMMYT was delayed in Australia because
its red grain was unacceptable to Australian
millers. Rather, Australian scientists employed the
CIMMYT germplasm to develop a white-grained
wheat, which spread rapidly; by 1978, about one-
third of Australia’s wheat area was planted with
CIMMYT-based varieties. Argentine wheat pro-
duction also benefited from CIMMYT research
and plant materials; approximately 60 percent
of Argentina’s wheat acreage is planted with
CIMMYT-based varieties.

As a result, although the transfer of wheat va-
rieties and germplasm is indirect, promising bio-
logical traits may be utilized by experienced sci-
entists. The rate of transfer depends on the nature
of the individual trait. Concerning the process of
transfer:

Breeders from government institutions in the
U.S. and other developed countries regularly ex-
change their genetic material. Breeders read about
a new development in an academic journal, they
write to the author for a sample of seeds and then
try the seed under their conditions. They then in-
corporate the useful characteristics into their own
commercial varieties.

Again, CIMMYT is a critical link in such ex-
changes. Other avenues of transfer include ship-
ments of material from international wheat rust
research nurseries, and through training programs
that bring foreign scientists to the United States.
Significantly, this country has also benefited from
transfer of wheat germplasm and scientific infor-
mation about wheat traits.
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Apart from biotechnology breeding techniques,
growth regulators may become the first form of
biotechnology to be transferred among major
wheat producing nations. Current research aimed
at altering wheat’s genetic proclivity to aluminum
toxicity could lead to an important breakthrough
for tropical wheat production, particularly in Bra-
zil and other Latin American countries. In con-
trast, the international diffusion of other agri-
chemicals and of mechanical technologies holds
a lower potential for increasing wheat yields, al-
though wheat “fungicides’ '—which are employed
by European and North American farmers, and
are developed and marketed by companies on
both continents—may have an impact.

International Transfer of
Soybean Technology

Through the turn of the century, conventional
plant breeding should continue to be the main ave-
nue for improving the productivity of soybean
production throughout the world. In addition,
higher vyields, further improvements in the effi-
ciency of biological nitrogen fixation, and more
effective soybean pesticides are anticipated. On
the other hand, emerging biotechnologies—with
the possible exception of tissue cultures—and the
advent of hybrid soybeans are not likely to have
a direct impact on productivity in this century.
Public research remains the fountainhead of soy-
bean breeding, although private companies have
developed and marketed their own varieties since
the late 1970s.

Historically, international transfer of soybean
varieties has been a salient feature of global pro-
duction. The United States dominates production
and trade today, but this country imported its first
soybeans from China. Over the past two decades,
soybean varieties developed in the U.S. public sec-

tor formed the foundation of the soybean indus-
try of our closest competitor, Brazil, and played
a key role in establishing the Argentine soybean
industry, In contrast to the adaptive and indirect
international transfers of corn and wheat varieties,
“some soybean varieties . . . developed by . . .
land grant universities in the Southern United
States were grown commercially with no modifi-
cation in Argentina and Brazil. ” The Brazilian
soybean boom of the 1970s also benefited from
private sector transfers of soybean milling and
marketing technology, via U.S.-based multina-
tional corporations. Brazil now exports large
amounts of soybean meal and oil, and has dis-
placed some U.S. markets in Europe and Japan.
Within the past several years, the Brazilian re-
search system has matured, and now develops its
own varieties—used in Argentina, Uraguay, and
Paraguay, along with U.S. varieties. Still, about
80 percent of Argentina’s soybean acreage is
planted with U.S.-produced varieties, and the
United States regularly exchanges soybean types
with Canada.

Future improvements in soybean varieties, or
desirable soybean characteristics, may be trans-
ferred or adapted directly and rapidly from the
United States to Brazil. Varieties or traits adapted
to the tropics will then be transferred to other
Latin American countries, and perhaps to Africa
and Asia. Important transfers could occur in the
opposite direction, but this has not yet occurred.

In addition, transfer of soybean pesticides is a
potential source of short-term productivity im-
provements to competitors. And, as is the case
with corn and wheat, plant growth regulators
combine considerable potential for productivity
gains and technology transfer. However, this tech-
nology is not expected to be available to the mar-
ketplace until the end of the century.

INTERNATIONAL TRANSFER OF EMERGING

AGRICULTURAL TECHNOLOGIES

An OTA document published in 1986‘identi-
fied technologies likely to be introduced to U.S.
agriculture over the next 20 years. OTA contrac-

“lJ.S. Congress, Office ot Technology Assessment, Technology.
Public Policy, and the Changing Structure of American Agricul-

tors used that information to assess the potential
for transfer of these technologies to other nations,
as discussed below,

ture,6T7A_-F-285‘\Nashingt(m, DC. U.s. Government DPrinting Ot-
tice, March 1986).
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The technologies were grouped into 44 sepa-
rate fields, and rated for their potential to increase
productivity, for the ease and direction of trans-
fer, for impacts on competitors and importers,
and for other characteristics. The ratings were as-
signed based on a variety of factors, including pat-
ent information, research and development activ-
ity, and technology transfer data. Sources
included interviews with U.S. companies, pub-
lications, technology characteristics—a number
of which are in the form of scientific knowledge,
not specific products—and contractors’ experi-
ences. This qualitative rating scheme does not at-
tempt to specify the pace of transferor adoption;
as noted above, the actual transfer and adoption
in recipient countries depends on such consider-
ations as costs and government policies.

Table 4-9 lists the technology fields that have
at least a medium (M) potential for producing pro-
ductivity gains over the next 20 years and at least
a medium (M) potential for transfer to other coun-
tries. Of the 44 fields examined, 29 received such
a rating. The table also identifies leading research
nations for each field; the United States is among
the top four for all technologies. Eleven agricul-
tural technology fields received a rating of “M+”
or greater for the potential for transfer from the
United States: entomology-nematology; general,
wheat, and soybean pesticides; regulation of ani-
mal growth and development; environment and
animal behavior; meat PHT; mutations and ge-
netic engineering; micro-organisms/tissue culture
technologies; enzymes; and biotechnolog,equip-
ment and apparatus. Of the 12 crop technologies,

Table 4-9.—Technology Fields With At Least Medium Productivity and Transfer Potential

Transfer potential

Leading field Leading centers General From U.S.
Crop Technologies:
1. PlantBreeding...............ooii.... U. S, India, U. S. S. R., UK. L L-M
2. Entomology -hematology . .. .............. U. S., U. K., India, U.S.S.R. M + M +
3. Pesticides-general . ... ................. U. S., W. Germany, Japan, France H- H-
COMM . U.S., IARC, U. S. S. R, Argen. L— M
Wheat............ ... .. i, U. S, IARC, India, U.S.S.R. M — M+
Soybeans. . ......... ... U. S., Brazil, Argentina, India M — M+
RiCe . ... . IARC, India, Japan, U.S. M — L
4. Genetic engineering . . ... ... ... ... Japan, U. S., U. K., W. Germany H- M
5. Enhance photosynthesis . . .. ............ M M
6. Plant growth regulation . . . .. ............ U. S., Japan M M
7. Plant disease control . . .. ............... U. S, U. K., India, U.S.S.R. M — M
8. Biological N Fix. . . ..................... M M
Animal technologies:
1. Animalhusbandry...................... U. S., W. Germany, France, U.K. L-M M
2. Animal breeding. . . .............. .. . ... U. S., U. K., India, W, Germany M M
3. Regulating animal growth
and development . . . ...... .. .. .. ... M M +
4. Animal disease control . . . ............... U. S., U. K., India, W. Germany M M
5. Animal reproduction . . . ................. U. S., U. K., W. Germany, Austral M M
6. Environment and animal behavior. . . . ... .. M+ M+
General mechanical and managerial technologies:
1. Communication/information. . . . .......... u.s. M M
2. Monitor/control plant . . . . .. ............. U.S. M
3. Monitor/control animals . . . . ............. u.s. M
Postharvest (PHT) and biotechnologies:
1. GeneralPHT .........covviiiini ... Japan, U. S., W. Germany, France M
2. MeatPHT . .......... ... . Japan, U. S., W. Germany, France M + M +
B.Fruit PHT .. ... France, U. S., Japan, W. Germany M M
4.GrainPHT ... ... U. S., W. Germany, Japan, U. K., France M M
5. Mutations and genetic engineering . . . . . . . Japan, U. S., U. K., W. Germany H H
6. Micro-organisms/tissue culture . . .. ....... Japan, U. S., W. Germany, France H- H-
T.Enzymes . . ... ... Japan, U. S., W. Germany, France M + H
8. Biotechnology equipment . . . ... ......... Japan, U. S., W. Germany, France M+ H

NOTE Number of technology fields examined 44 Fields this table 29, Number of fields Where transfer from U.Sis at least M + 11

SOURCE Robert E. Evenson, Jonathan Putnam, and Carl Pray, “The Potential for Transfer of U S Agricultural Technology,” contract report prepared for the Office

of Technology Assessment, 1985.



only 2—plant breeding and rice pesticides—were
assigned less than a medium (M) potential for
transfer from the United States to other countries,
It is important to note, however, that most prod-
ucts associated with conventional plant breeding
are not directly transferable, except in the case
of soybeans.

OTA contractors rated the potential impact of
the transfer of these technologies to U.S. export

CONCLUSIONS

Compared to many other industries—manu-
facturing, for example—technology transfer in
agriculture proceeds at a slow rate, in part be-
cause of its varied biological nature, and in part
because much agricultural production remains the
province of millions of small-scale farmers slow
to adopt new technologies, Over the past two to
three decades, however, the pace of internation-
al transfer of agricultural technology has in-
creased. Developing countries have improved
their capabilities in conventional agricultural sci-
ence; at the same time, developed countries, such
as West Germany, France, and Japan, have estab-
lished sophisticated, competitive agricultural in-
put industries. Substantial public investments
have been made in agricultural research and ex-
tension activities. It is not surprising that the
United States, a leader in most aspects of agri-
cultural technology, occupies a central role in
technolog,transfer through direct trade, scien-
tific research and training, and agricultural devel-
opment programs.
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competitors on a similar scheme, although the re-
sults do not appear in table 4-9. Ten of the tech-
nology fields shown in the table have at least
medium (M) potential to increase productivity in
competitor nations. In this respect, crop technol-
ogies were the most sensitive: they comprised 8
of the 10 fields with medium (M) or greater po-
tential productivity impacts for U.S. competitors.

Between now and the end of the century, the
rest of the world—includin export competitors
—will match the United States in many aspects
of agricultural technology and development, and
will absorb a wide range of innovations and
knowledge more easily and rapidly. It is unlikely
that the United States will lose its preeminence
in all aspects of agricultural science and technol-
ogy, or even in most. Still, many emerging agri-
cultural technologies in the United States appear
to be transferable to other countries via private
companies and public agencies, including impor-
tant biotechnologies that may provide the next
spurt in productivit, for plant and animal agri-
culture. As a result, U.S. farmers may not enjoy
the fruits of early adoption of new technology for
as long as they have in the past; their absolute
advantage in the production of many agricultural
goods, which is rooted in technology, could di-
minish over the next 10 years, depending on how
much emphasis the United States places on agri-
cultural research.



