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RESEARCH IN U.S. PLANT PATHOLOGY:
PRESENT SITUATION AND FUTURE TRENDS

WILLIAM E. FRY {*)
Department of Plant Pathology - Cornell University - Ithaca

Plant pathology research in the western world operates in a global en-
vironment, and the technological factors motivating specific changes in the
U.S. are the same ones motivating changes in Europe. However, other factors
influencing piant pathology research in the U.S. are not technological and
these may be quite different from European factors. Thus, in this analysis, you
will see some familiar issues, but you may also see some unfamiliar ones. The
U.S. perspective of some global issues may be slightly different from the
European one. As | considered the similarities and differences, | was re-
peatedly reminded that my knowledge of U.S. plant pathology research is
limited. There is enormous diversity of effort — reflecting diversity of goals and
techniques. Therefore, | cannot chronicle the specific accomplishment
throughout the United States. However, there appeared to be several impor-
tant types of factors influencing plant pathology research in the U.5.: Techno-
logical/Sccial; Financial; and Philosophical. Discussion of these factors and
the associated implications for future research form the basis of this paper.

However, as important as these factors are, they can only be fully ap-
preciated within the context of the continuing major motivating force for plant
pathology: our need to protect plants from the ravages of disease in a changing
agriculture. Thus, studies on the etiology, epidemiology and management of
diseases are important in U.S. plant pathology. Application of new techniques
to refine current disease management tactics is a continuous effort, and com-
puters, specific antibodies, and nucleic acid probes have important roles in the
practice of suppressing plant diseases. Fundamental studies on host/pa-
thogen interactions are supported in hopes that novel approaches to disease
management will become apparent. With the major motivating force for plant
patheology in mind, let's now consider the factors that are significantly influ-
encing the research of U.S. plant pathologists.

(") Head of the Department of Plant Pathology - Cornell University - lthaca.
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Technological and social factors

During the 1980's there have been several very important “external”
forces which have had major impact on plant pathology research in the U.S5.,
and worldwide. Two of the most significant are:

— availability of molecular biology technology,

— concern for the environment.

The Counci! of the American Phytopathological Scciety recognized these
same forces in their 1988 description of the mission of that society, and in their
statement of research needs:

Mission: to foster the efforts of plant health scientists in understanding plant
disease processes and in improving disease management technologies.

Research needs:

1. Improve plant health management using economically and environmentally
sound technologies.

2. Increase our understanding of interactions between plants and disegase-
causing organisms.

3. Integrate biotechnology into the science of plant disease control.

New research funds from industry as well as government have become
available — particularly to support investigations using molecular biology tech-
nology. The expected linkage between basic science and economic develop-
ment is more clearly articulated now than prior to the 1980’s. Because fra-
ditional plant pathology research can respond readily to the enhanced
environmental concern, the impact of biotechnology has probably caused a
larger change in the activities of U.S. plant pathology.

While there is considerable enthusiasm for molecular biology, some U.S.
piant pathclogists are concerned that some more traditional activities are
receiving dangerously little attention. Two guest editorials in Plant Disease last
year (1989} provide examples of the concern.

In April 1989, L.V. Madden and P. Teng asked ''Whither Plant Disease
Epidemiology?’” They were concerned about the low number of US. students
studying epidemiology in U.S. universities. Madden and Teng are certainly
carrect in recognizing the decreased student interest in epidemiology in the
1980's relative to the 1970's. However, the 1970's were boom years for epide-
miology and some scientists and administrators appeared to have high hopes
for complex computer simulation models as tools for solving problems in
disease management. Disappointment in not fully realizing those goals proba-
bly contributed to diminished interest in epidemiology. Madden and Teng
seemed to recognize this factor when they stated that “‘epidemiology needs to
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further demonstrate its relevance to conventional applications”, and when
they urged their colleagues *‘to emphasize the biology as well as the statistics
in their work.”’

However, from my perspective, the low number of students in epi-
demiology is part of a national trend toward decreased interest by U.S.
students in many traditional aspects of plant pathology research. Although |
have not compiled figures to quantify this phenomenon, participation in meet-
ings of university department chairmen at national APS meetings for the past 8
years convinced me that most universities in the U.S. were receiving fewer
applications (from U.S. citizens) for graduate study in traditional areas of plant
pathology. The increased level of adveriising done by plant pathology depart-
ments is further evidence of the decreased level of interest by U.S. students.

In another guest editorial (October 1989) Herbert Cole. Jr. indicated that
while public funding for both applied and basic agricultural research was
needed, ‘‘the applied end of the spectrum needs immediate attention.” How-
ever, he cautioned that research on applied problems needed to be perceived
“‘as part of the solution rather than as part of the prablems.” Plant pathologists
need to be perceived as recognizing environmental pollution, pesticide con-
tamination of foodstuifs, and safe ground water as serious, important issues
deserving attention. Thus, healthy food, clean water, and a clean environment
should be our goals. The "'key to increased support for applied research Is (in)
addressing those major and broad issues of agriculture that concern scciety.”

| think that both of these editorials are related to changes in the mannerin
which plant patholiogy research is supported in many parts of the United
States, and are not caused by the considerable excitement generated by
molecular biology. Perhaps part of the reason for the editorials may be found in
the follewing discussion.

Financial factors

Analysis of some trends in funding provides additional perspective on the
directions for present and future research. Let’s look first at a short history of
the Competitive Research Grants Program, first funded in 1978 (Table 1). This
program provides one view of basic plant pathological research in the United
States. This program sponsors diverse plant science research of which piant
pathology is one component. The program is quite competitive, with a success
rate of 20-25%. However, from conversations with panel convenors, | under-
stand that the number of high quality, important proposals that could not be
funded has become distressingly high. The large increase in available funds in
1985 is due to the inception of the Biotechnology component. Unfortunately,
the compenent of the program sponsering traditional basic plant pathology
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research has recently suffered serious budget reductions. For example in
Fiscal Year 1989 (FYB89), the appropriation for this program was only 65% of
the appropriation in FYB8.

Table 1 — History of funding from the Competitive Research Grants Office (CRGO) in the USDA.
The program was first funded in 1978 and, except for 1985 when the biotechnology program was
added, funding only for the even-numberad years is presented.

ey oMB Cang. Proposals
App'n Rec'd Funded

78 7.6 15 1109 197
80 . 20.0 16 600 208
82 26.0 16.3 766 212
B84 21.5 17 853 219
a5 50.0 46 2153 449
B6 46.0 423 1570 415
88 44.5 42,4 1500 an

FY = Fiscal Year, OMB = Recommendsation for funding [in million$j irom the Office of Management and Budgst.
Cong. App'n = Congrassional Appropriation in milliong.

The grants have been distributed to investigations of ali groups of patho-
gens and of the diseases they cause (Tables 2 and 3). Clearly, Investigations
using molecular techniques were more numerous among successful pro-
posals than were those not using molecular techniques. Proposals dealing
specifically with ecology and/or epidemiclogy had the largest share of funding
according to the categories used. Among proposals dealing with a specific
pathegen group, those dealing with viruses received the greatest amount of
funding. (After 1985, proposals dealing with nematology were funded in a
different panel, so data for nematology are incompiete.}

Table 2 — History of awards in the CRGO Plant Pathology Program for five fiscal years. Amounts
of awards are given in $1000, and the numbers of awards are presented In parentheses. Projects
that utilized melecular technigues occur on the line with *‘'m'’ and projects using other techniques
occur an a line with “'o'". Data were collated by WEF and are not official.

Fyas ' FYB6 Fra7 Fyea FYag Total

Bacteriol-m 185 (3) 370 (5) 540 (6} 106 (2) 290 (3) 14
-0 0 0 B0 (1) 0 0 80
Mycology-m 332 (5) 100 (2) 180 (2) 0 482 (5) 1094
o 45 (1) 57 {1} 0 o ) 102
Nematol-m/ip 150 (3) a 0 a o 190
o 0 75 (1) 0 0 0 75
Viralogy-m 145 {3} 404 (7) 315 {4) ) 1095 (8) 1959
o 0 0 0 0 ] 0
Host/path-m 310 (4) 240 (3) 128 (1) 105 (2) 527 (6) 1310
-0 80 ] 120 (1) 200(2) 0 400

Epid/Ecol 450 (5) 85 (5) 526 (7) 435 (5) 670 (8) 2448
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Table 3 — Histary of awards in the CRGO Biolechnelogy Program for plant pathological research
for fiscal years 1985, 1986, and 1988. Amounts of awards are given Iin §1000, and the numbers of
awards are presented In parentheses. Dala were collated by WEF and are not official.

FY 85 FY B8 FY @8 Total
Bacteriol 721 (7) 255 {3} 84 (1) 1060
Mycol 60 (1) 440 {5) 290 (4) 840
Nematol 0 100 (1) a 100
Viral 1315 (13} 481 (6) 936 (12} 2734
Host/Path 145 (2) 0 330 (4} 465
Plant 1580 {1) 280 {3) 150 (3) 580

Although the Competitive Grants program has supported important and
exciting research, the number of scientists who have benefitted is distressingly
small. For eight different plant pathology programs (fiscal years 85-89, for plant
science, and fiscal years 85, 86 and 88 for biotechnology), there were only 168
awards (Tabie 4A) — a small number compared to the 4000 + members of the
American Phytopathology Society. The impact of these awards is lessened
when one realizes that awards are typically made for only two years. Finally, of
the 168 awards in this survey, 90 were accounted for by 34 investigators
(repeat awardees, Table 4B). Thus, the maximum number of different investi-
gators sponsored was 112 over the eight programs. From a slightly different
perspective, the maximum proportion of members of APS who could have
received funding from this program at any one time is 1-2%.

Table 4 — [A] Number of awardees in eight CRGO programs (see Tables 2 and 3). {B] Number of

principal investigators who received mare than one award in eight CRGO programs (see Tables 2
and 3).

A B
Bacteriol 31 No., Awards/ No. Total No.
Mycol 26 Person Persons Awards
tomatol - 2 18 - 36
H"’ Path 3 10 an
ost/Pa 25 4 g D4
Epidem/Ecol 28 - -
- 34 90

168

Many scientists and administrators have recognized the insufficient level
of federal funding for basic research in all of the plant sciences in the United
States, and they have rallied to support a major new federal funding initiative
sponsored by the Board on Agricuiture of the National Academy of Sciences.
The long range goal of this initiative is to provide 500 million dollars per year o
many aspects of plant science research. Awards made to individual investi-
gators on a competitive basis would compose one aspect of the initiative.

Funding for more traditional types of plant pathological research is also
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changing. Several important federal programs which emphasize environ-
mentally conservative pest (insect, pathogen and weed) management prac-
tices have been initiated during the 1980°s (Table 5). Funding is available to
individual researchers on a competitive basis for a definite term to investigate
questions important for environmentally conservative disease management.
Some of these programs are identified below. Additionally, several states have
created programs to stimulate research on environmentally conservative dis-
ease management practices. In some states, these are labeled as IPM (Inte-
grated Pest Management) programs. In New York state, an IPM program has
been instituted even while budgets for traditional plant pathology were shrink-
ing. At the national level a broadly based coalition of groups (growers, environ-
mentalists, industry personnel, and academicians) are urging increased fund-
ing for IPM implementation and research funding. Their hope is to quadruple
the current level of funding for such activities.

Table 5 - Grant programs supporting research lo solve environmental problems. Thesa programs
support research from many disciplines (e.g. entomology, agricultural engineering, agronomy,
applied computer science, entomology, horticulture, piant pathology, soil sciences, weed science,
etc, Data are presented for fiscal year 1990, and amounts are in $1000. In addition to these
programs there were also special congressional appropriations stimulated by speclal interest
groups and sponsored by cangressmen. Total value of the special appropriations was > 35 million
dollars, but enly a very small propariion was available for research.

Program Amount
Low Input Sustainable Agriculture  (LISA) 4,450
Intagrated Pest Management {IPM}) 2,840
Pesticide Impact Assassment {NAPIAP) 2,468
Pesticide Clearance {IR-49) 2,000
Waler Quality 6,700

Thus it seems clear that short term, directed funding is replacing basic,
indefinite-term support for traditional plant pathology research. Perhaps part of
the reason for the editorials mentioned above is that the mechanism for sup-
porting research in the U.8. is changing.

Although this change was initiated well before the 1980's, the impli-
cations have been felt in the 80's and will continue to be felt in the 90's. For
example, at the beginning of the 1970’s, mare than 90% of my department’s
budget was provided via “non-competitive, indefinite-term sources' — pri-
marily the state government. By the early 1980’s the state’s share was about
80%, but by the end of the 80's the "'non-competitive” portion of our budget
was reduced to 60% of the total. The reduction was caused by increased
grantsmanship by faculty and by budget reductions from the state. The vast
majority of the “‘non-competitive”” funding supports faculty salaries. My gen-
eral observations indicate that most other departments of plant pathology have
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undergone similar changes. External grant income is welcomed by university
administrators who are not only pleased by the additional work occuring on
their campus, but also because some of them can use in a discretionary
manner, the indirect cost funds associated with the grants.

Philosophical factors

In addition to technological and financial influences, there has also been
a philosophical change in universities which affects the environment in which
much research is accomplished. Most moderate to large universities now
strive to be national or international centers of excellence in basic research.
Prior to the 1960's, plant pathology in many universities emphasized local
teaching and local problem solving, but that emphasis has been modified
by greater emphasis on basic research and greater emphasis on external
funding. Although the expectation for accomplishment in basic science is
heightened, the support available to individual scientists from their universities
in general has not been similarly elevated. Thus, there is an increased need for
external funding.

Observation of the effort distribution in several departments of plant
pathology in U.S. universities confirms this philosophical change. | compared
10 departments from those that are large and well-known in the U.S. in terms of
faculty effort in Disease management and Extension (D/E}, Ecology and Epi-
demiology (E/E), Pathogen Biology (PB), and Host Pathogen interactions (H/P)
(Figure 1). There are clearly large differences in emphasis. Departments 6 and
9 emphasize disease management and extension in contrast to departments
1,3, and 9. However, departments 6 and 9 are both in process of increasing
their emphasis on fundamental research. Departments with relatively large
proportions of effort in “non-traditional’” (=molecular) pathogen biology (de-
partments 1-4,10) are among those with a larger proportion of internationally
recagnized scientists, and contain 14 of the 34 investigators who have re-
ceived more than one award from the CRGO in the eight programs included in
Table 4, From outside their states, these departments are well-known, and so
have succeeded in becoming centers of excellence. These five departments
(1-4,10) reflect to a much greater extent than departments 6 and 9, the trends
toward dependence on external funding and rapid adoption of molecular
biology.

The changing philosophy of universities and departments has some
interesting and important implications. Competitive funding and supportive
institutions have enabled facuity (who are successful grantsmen) to develop
large productive programs which have contributed in an exciting productive
way to our understanding of many important questions in plant pathology.
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Figure 1 — Distribution of faculty effort in 10 U.S. University Plant Pathology Departments, (Dis-
tributions were estimated by WEF and are not official.)
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These programs provide good training grounds for young scientists. Some of
the most exciting discoveries of the 1980's come from such programs, and the
continuing excitement and competition stimulate considerable activity and
creativity. However, an interesting tension has developed when this philoso-
phy confronts a traditional goal of “land grant” universities of attempting to
provide direct education for farmers. Very applied research for a very local
audience does not contribute as obviously to a university’s reputation as an
international center of excellence in research as does very basic research. As
nearly as | can tell, this tension is not yet resolved.

There are also implications for individual plant pathologists. The advent
of competitive grants programs has created a greater difference in the
resources available to those faculty who are successful at grantsmanship
relative to those who are not successful. The fact that 90 of the 168 awards
identified in Tables 2, 3 and 4, went to persons who have received more than
one grant is additional evidence. Greater reliance on external funding, greater
availability of external funding, and the possibility of scientists sharing the
profits of potentially lucrative patents has introduced plant pathologist into the
era of *big science’’. However, we do not yet have the huge programs found in
bio-medical disciplines. Investigators with large programs attract and support
students, postdoctoral scientists and visiting scientists. For example, my de-
partment (25 faculty) typically had only 2-4 postdoctoral scientists in the early
1970's, but there were 30 in the late 80's. Some programs supported 6-8 such
scientists whereas others supported none. It seems quite logical that “'big
science” should elevate accomplishment, goal, ambition, and ego. Unfortu-
nately, the widening disparity in rescurces available to different faculty in the
same unit (aiso quite logicaliy) stimulates some discomfort.

The disparity in support sometimes causes a plant pathologist to believe
that his/her specialty is underfunded. In my department, responsibiltites range
from very applied extension to very non-applied basic biology, but all aspects
receive funding. Although, investigations of pathogen biology and host-
pathogen interactions are better funded than other activities, their sources of
funds are primarily competitive and external; the non-competitive, basic sup-
port is generally used to support those activities that are an important part of
our responsibility, but for which external funding programs are very restricted.

The 1990's

The forces motivating the changes of the 1980°s will continue into the
near future. In the next several years we will apply molecular biclogy to the
study of host/pathogen interactions, and our search for environmentally con-
servative disease management technologies is likely to be strengthened. This
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research will be accomplished by plant pathologists in diverse institutions, and
those in many universities will support much of their activities via “‘external”
and competitive funding.

Although future resulis cannot be predicted, the general future directions
of U.S. plant pathology research are visible in several areas.

Molecular biology. The power of modern molecular biology to engineer plants
and microbes, and to assist investigations of host/pathogen interactions has
captured the attention of scientists, the public, industry, and politicians. To
date, molecular biology technigues have had greatest impact on scientists,
because these techniques offer wonderful tools with which to research im-
portant questions. The explanatory power of this technology is well demon-
strated and well applied. However, it was the promise of molecular biology to
solve problems in agriculture {(and the assumption that this would lead to
economic benefit) which stimulated significant funding for all types of research
using molecular biology techniques. Although the time-frame for application of
some techniques suggested by some early enthusiasts has already been
exceeded, the development of some products is now a reality, and “gen-
etically-engineered’ plants will be part of agriculture in the not too distant
future. ""Genetically-engineered” microbes will also become part of agricul-
ture, perhaps in the not toe distant future.

Already, investigations of host/pathogen interactions using this powerful
technology have stimulated new ideas concerning disease suppression. Be-
cause of the rapid accomplishment, intense international activity and com-
munication, it is difficult to restrict ideas and accomplishment to any single
laboratory or country. Therefore, many of the topics investigated in the U.S.
are also being investigated in Europe and vice versa. Realization of increased
resistance by incorporating the TMV coat pratein gene into the genome of the
haost plant was an exciting step in developing new types of disease resistance.
It has been followed by hypotheses and experiments to induce host resistance
by incorporating other pathogen genes Into the host genome. Some hy-
potheses are particularly intriguing. For example discovery of the mechanism
by which pathogens are detected by plants and elucidation of the processes
and promoters involved in initiating defense responses may enable the con-
struction of plants with durable, broad ranging resistance.

Environmental issues. In Western Europe and in Canada and the U.S., where
food supplies are stable and abundant, and where the population is in-
creasingly distanced from food production, the environmental effect of some
agricultural practices have been severely criticized. |ssues associated with
tillage (soil erosion, water pollution) and with pesticldes have become increas-
ingly important. Some of the public believe that all pesticides are harmful to the
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environment, and some spokespersons leave the impression that there is no
need for any pesticide. Thus, there is significant pressure in an increasingly
urban population to decrease the use of pesticides. This pressure has stimu-
lated several national initiatives which individually and collectively sponsor
research to develop disease management techniques which decrease pesti-
cide application. Topics receiving considerable attention through national
programs include:

biocontrol integrated pest management
pesticide resistance management water quality
low input sustainable agriculture pesticide impact assessment

Research stimulated by such programs has identified some new pesticide-
efficient approaches in specific agroecosystems. Both environmental groups
and farmers organizations have supported these initiatives.

An approach which 1 think holds considerable promise for aiding the
achievment of the goals of these several programs involves the use of decision
support systems. The recommendations received by growers from different
specialists may be contradictory at times, and decision support systems should
help growers to reconciie the contradictions and to achieve a total manage-
ment system which is near optimal for his/her specific situation. Decision
support systems are not synonomous with simulation models, but they may
contain such models, or they may have been constructed partly from experi-
ence gained with such models. It seems appropriate to me that we should now
spend some effort in helping growers to cope with the rapid changes in tech-
nology and philosophy that are characteristic of modern agriculture.

Disease management. Research investigating the etiology and management
of specific diseases remains a major function of plant pathologists at the
national, regional and state levels. However, in many locations, the funding for
such research is increasingly influenced by special interest groups (growers’
and environmental organizations). In some states growers’ organizations in-
fuse research funding directly into research programs. Legislatures or state
agencies may direct funding toward specific problems when replacing basic
support. Thus in many locations an ever increasing proportion of support for
research is directed at specific problems, and is available only for a definite
term.

Conclusions

The 1980's have been a decade of significant change in U.S. piant
pathology research. Adoption of molecular biology techniques in all sorts of
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investigations has been nearly revolutionary. Many projects investigating host-
/pathogen interactions now rely heavily on such techniques. However, some
epidemiological and some disease management investigations are also bene-
fitting from the power of this technology. Equaily noticeable is the continuing
trend for research to be funded via directed, definite-term competitive grants,
rather than via continuing, non-competitive support. Many universities are
intentionally striving to be internationally recognized centers of excellence in
research — thus emphasizing the importance of external grants.

Plant pathclogy research In the 1990's will obviously build on recent
trends and accomplishment. Studies of host/pathogen interactions using mo-
lecular biology technology may reveal entirely new approaches to disease
suppression. It may become possible to selectively activate plant defenses
even against those pathogens which had previously overcome such defenses.
However, there will also be a continuing need for good plant pathology re-
search at all levels of biological organization {molecular, cellular, organismal
and population). ! expect exciting developments in the quest for environ-
mentally-conservative disease managment practices — whether it be engin-

eered biocontrol agents, or computer programs which enhance the efficiency
_of an integrated control program.
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