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identified as offering graduate training in plant biology. Questions
that were included in the 1983 and 1989 questionnaires concerned
these issues: (1) the number of full-time faculty, postdoctoral
fellows/associates, Ph.D. recipients, and full-time graduate students
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Highlights

A spring 1989 HES survey was conducted of plant biology personnel and training at all U.S. institutions
identified as offering doctorate degrees in Plant Biology. These results were compared to the findings of
a similar study done in 1983.

A total of 154 responding institutions were identified as offering graduate training in plant biology.
The majority of these (89) were land-grant institutions, while the remainder included 2.5 public
institutions n d 40 private institutions.

The departments in which plant biology faculty were most commonly located were, in order of
frequency, agronomy and soil science, botany, biology, plant pathology, and horticulture.

Several changes have occurred between 1982-83 and 1988-89 in the number of full-time faculty,
postdoctoral fellows/associates, Ph.D. recipients, and full-time students in plant biolog.

There were 4,517 full-time faculty in plant biology in 1988-89. This represents a decline of
2 percent from 1982-83. An increase back to the 1982-83 level (i.e., to 4,611) was projected
for 1989-90.

The number of postdoctoral fellows and associates in plant biology increased from 1,009 in
1982-83 to 1,120 in 1988-89, with little change projected for 1989-90.

Graduate students in plant biology decreased 9 percent, from 8,023 in 1982-83 to 7,317 in
1988-89. However, an increase to 7,484 was projected for 1989-90. The number of graduate
students who were U.S. citizens declined by 25 percent, while the number from foreign
countries increased 55 percent.

The number of Ph.D. recipients declined 22 percent, from 925 in 1982-83 to 724 in 1988-89.
An increase to 859 was projected for 1989-90.

The percentage of females increased at least marginally in three of the four categories. The
changes from 1982-83 to 1988-89 were from 7 percent to 10 percent among full-time faculty, from
21 percent to 27 percent among Ph.D. recipients, and from 31 percent to 33 percent among
graduate students; there was no change at 29 percent among postdoctoral fellows.

The percentage of plant biologists belonging to minority racial and ethnic groups has also
increased for every category but full-time faculty. Among graduate students who were U.S.
citizens, the proportion of minority students increased from 7 percent to 13 percent.

The prominence (measured by the number of people involved) of molecular biology within plant
biology has increased greatly: plant biology program representatives from 20 institutions listed it
among the top three disciplines for faculty research in 1982-83, compared with those from
60 institutions in 1988-89. The three other largest fieldsecology, plant physiology, and
systematicswere all mentioned less frequently than in 1982-83.

The number of vacancies specifically in plant biology has increased from 213 in 1982-83 to 276 in
1988-89. The two areas in which plant biology program representatives expressed the greatest
need to fill vacancies were molecular biology and plant physiology.
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Disciplines most frequently selected by plant biology progam representatives as having more
positions to rill than people trained to fill them were molecular biology and biochemistry.
Disciplines frequently listed as primarily having a shortage of positions were systematics,
anatomy/morphology, and evolution.

Outside financial support for plant biology research has been relatively stable when compared to
the rate of inflation. Of a total $242 million in 1988-89, federal support accounted for 49 percent
of funds and state support for 34 percent. Hatch funds (authorized through the Hatch Act of 1887
to establish agricultural experiment stat;ons to conduct agricultural research) accounted for one-
third of all outside funding for plant biology research. Representatives of many institutions
expressed difficulty in identifying all outside funding for plant biology research, however, so
$242 million is an underestimate of the total amount of financial support. The total estimated
outside funding for all of the life sciences in 1988 was $6 billion.

The major sources of funding for graduate students and postdoctoral fellows and associates have
remained stable. Graduate students were most commonly supported through institutional support
(28 percent) and federai research grants (21 percent), and postdoctoral fellows and associates by
federal research grants (52 percent).

The major factors program representatives saw as limiting their institution's progress in plant
biology were insufficient financial support for research (86 percent) and insufficient financial
sunport for graduate students (83 percent).
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Background
Plant biology has a critical role in helping this nation and the world
make the agricultural advances needed in preparing for the 21st
century. In 1983, the National Academy of Sciences' Briefing Panel
on Agricultural Research Opportunities identified plant biology
specificolly as a research area that is "likely to return the highest
scientific dividends as a result of incremental federal investments."
Responding to this need, in 1984 the National Science Foundation
(NSF) chose to make plant biology an area of emphasis and
initiated new funding programs. Other new funding programs have
also been initiated by th U.S. Department of Energy and the U.S.
Department of Agriculture.

Information available on plant biology is limited, especially for sub-
fields within plant biology, due to the tendency of researchers to
collect data for much larger groupings (i.e., all of the life sciences).
To collect information specifically on plant biology training and
personnel, a survey was conducted in 1983 for NSF's Division of
Physiology, Cellular and Molecular Biology. The results were
published in the report Plant Biology Personnel and Training at
Doctorate-granting Institutions (November 1984). NSF has stated
that report had a major impact on planning at NSF and other
agencies, as well as on the Congress.

To update information from the 1983 study, a second survey was
mailed in April 1989. The survey was modeled on the 1983
questionnaire to enhance the ability to identify trends over the
entire period. Questions that were included on both questionnaires
concerned these issues:

a the number of full-time faculty, postdoctoral fellows/associates,
Ph.D. recipients, and full-time graduate students in plant
biology;

the departments involved in providing graduate instruction in
plant biology and the number of plant biology faculty in each
department;

a the number of foreign graduate students and postdoctorates in
plant biology;

the three major disciplines within plant biology for graduate
student training, postdoctoral research and training, and faculty
research;

faculty vacancies in plant biology;

disciplines with surpluses or shortages of positions in various
employment categories;

the major voirces of financial support for graduate students and
postdoctorates; and
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the amount and sources of outside funding for plant biology
research.

A new question was added in 1989 that asked what factors are
limiting progress in plant biology. Also, new data were collected on
faculty with bachelor's r'ep-ees from foreign institutions, and
financial data separating Hatch funds from other outside sources of
funds.'

The survey covered the universe of departments offering doctorate
work in plant biology. Thus, it was sent to all doctorate-granting
institutions and all institutions identified as offering doctorates in
plant biology. Doctorate-granting institutions were identified using
the U.S. Department of Education's Higher Education General
Information Surveys (HEGIS) listing (see page B-3 for definition).
Plant biology program representatives were identified and
institutions with plant biology graduate training in more than one
department were asked to designate a coordinator who would be
responsible for compiling numeric data and opinions from all plant
biology departments and providing a single response for the
institution. Responses were received from plant biology program
representatives at 197 of 198 institutions (99 percent). A total of
155 institutions were identified as offering graduate training in plant
biology. Given the high response rate, no weighting for non-
response was performed. In this report, statistics are presented as
representing the entire population of plant biology programs,
because of the known small size of the plant biology program at the
institution omitted. Unless stated otherwise, all statistics presented
in this report are results from the 1983 and 1989 surveys. More
detailed discussion of the research methodology and a copy of the
1989 survey questionnaire are included in Appendixes B and C
respectively.

In general, statistics in this report are presented both as overall
totals and using four major categories: institutional control
(public/private), research size (based on federally financed research
and development expenditures in the life sciences), number of full-
time plant biology faculty (based on responses to the
questionnaires), and geographic region (Northeast, Central,
Southeast, West).

The two "research-size" categories used are the top 20 institutions
with the largest federally financed R&D expenditures in the life
sciences in fiscal year 1988, and those not in the top 20. For
analysis, institutions were divided into those with full-time plant
biology faculty numbering 1-5, 6-25, and 26 or more. These were
used to indicate small, medium and large plant biology progams.

1The Hatch Act of IMP authorized funds to establish agricultural experiment stations ID
conduct agricultural research. These funds are used to provide funds on a matching basis Jur
agricultural experimental stations, and they art a major part of funding for plant hiolop
research.

1 1



Where Plant
Biology is
Taught

Division
Within
Institution

Land-grant institutions are listed separately within the public and
private categories. Land-grant institutions originated through the
First Morrill Act of 1862, which authorized public land grants to
states for the establishment and maintenance of agricultural and
meitanical colleges. Since that time, land-grant institutions have
become a primary source of agricultural research. The Hatch Art of
1887 further established agicultural experiment stations to conduct
agricultural research, and was used to greatly develop agricultural
research at land-grant institutions.2

Of the 154 responses received from institutions identified as
training graduate students in plant biology, 89 (58 percent) were
from plant biology departmental representatives at public land-gant
institutions, 24 were from public institutions that were not land-
grant institutions, and 41 were from private institutions (Appendix
Table A-1). Plant biology programs varied greatly in size. At 60
institutions, the number of plant biology faculty reported for each
institution was between 6 and 25, while 47 institutions reported 5 or
fewer plant biology faculty, and 47 had 26 or more. Plant biology
programs were more commonly located in the Central and
Southeast regions than in the Northeast or the West.

Among all institutions (in 1988-89), the administrative wilt that was
the primary focus for training graduate students in plant biology was
the Division (or College) of Arts and Sciences (62 percent; Figure 1;
Appendix Table A-1). In 1982-83, most plant biology training (54
percent; Appendix Table A-2) was also offered in Arts and Sciences,
but to a lesser degree than in 1988-89. In 1988-89, the 20 largest
institutions had a greater percentage (80 percent) placing their
primary focus within the Arts and Sciences than the 62 percent
overall. However, the larger programs tended to focus their efforts

21n one case, a land-grant institution has both public and private componems ln this report,
the institutkin is counted 3s private when making public/private distinctions, but also as a
land-grant institution. Because of this ease that straddles the public/private categories, the
totals presented for land-grant institutions do not strictly represent a subset of the totalt fOr
public institutions.

IfIte 20 largest institutions are defined as the largest 20 institutions with graduate programs in
plant biology based on the amount of federally financed research and development
expenditures in 1988. Published in Academie Srisseeilaglatering R&D Mends Fiscal Year
DU, National Science Foundation, NSF S0-326, Detailed Statistical Tables (1Nubington,
D.C.. 1990). See Appendix B for a list of the 50 lamest such institutions.
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Figure 1. Major administrative unit that is the primary focus for training graduate students
in plant biology, academic years 1982-83 and 198849: United States

1982-83

Division of Arts and Sciences

ED School/College/Division of
Agricuhure/Forestry/NaturaI Sciences

vA Other

1988-89

Source: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13). National S4:ience
Foundation, 1990 (1989 survey), and Plant Biology Personnel and Training at Doctorate-Granting Institutions, Higher Education
Panel Report No. 62, November 1984, American Council on Education.

within the more specialized School (or College or Division) of
Agriculture, Forestry, or Natural Resources: this was true for
87 percent of institutions with the greatest number (26 or more) of
plant biology faculty. Private institutions tended to have plant
biology in the Arts and Sciences (85 percent), while public
institutions were somewhat evenly split between the Arts and
S-iences, and Agriculture, Forestry, or Natural Resources.
Institutions in the West were more likely to offer plant biology in
Agriculture, Forestry, or Natural Resources (47 percent) than those
in the Northeast (24 percent).



pes/Numbers As noted previously, one institutional representative was asked to

iti)'1Departments compile information from all departments involved in training
graduate students in plant biology in 1988-89. For each department
they collected the following on full-time plant biology faculty; the
total number; the number training raduate students in 1988-89; and
the number with bachelor's degrees from foreign institutions.
Depending on the size of the plant biology program and the
organizational structure of the institution, plant biology faculty were
distributed among 1 to 13 upartments per institution (Appendix
Table A-3). These departments included some specifically devoted
to plant science as well as others with a much more general focus
(e.g., biology) or an overlapping focus (e.g., biochemistry). Of 4,517
total faculty in plant biology, 724 (16 percent) were in departments
of agronomy and soil science, 589 (13 percent) in botany
departments, 584 (13 percent) in biology, 562 (12 percent) in plant
pathology, and 531 (12 percent) in horticulture (Figure 2). These
are similar to findings for 1982-83.

Figure 2. Plant biology faculty by department, academic years 1982-83 and 1988-89:
United States

'ad
1982-83 (N=4,759)

1988-89 (N=4,517)

Agronomy/
Soil Science

Botany Horticulture Biology Plant
Pathology

Other

Source: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13). National Science

Foundation, 1990 (1989 survey), and Plant Biology Personnel and Training atDoctorate-Granting Institutions, Higher Education

Panel Report No. 62. November 1984, American Council on Education.
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By far, in 1988-89 most plant biology faculty (4,237 of 4,517, or
94 percent) were at public institutions, with 3,671 (81 percent) at
land-grant institutions (Appendix Table A-3). Comparable figures
for 1982-83 were 4,491 of 4,759 plant biology faculty (94 percent) at
public institutions, with 3,802 (80 percent) at land-grant institutions
(Appendix Table A-4). These numbers were much greater than
would be expected based on the number of institutions alone. (As
noted earlier, public institutions in 1988-89 were 73 percent of all
institutions offering graduate training in plant biology, and land-
grant institutions were 58 percent.) Thus, public institutions and
land-grant institutions had larger plant biology programs than other
institutions. In 1988-89 there were 717 plant biology faculty
(16 percent) at the 20 largest institutions as determined by federally
financed R&D expenditures in the life sciences. In 1982-83, there
were 863 plant biology faculty (17 percent) at the 20 largest
institutions.

In the 1988-89 academic year, 79 percent of all plant biology faculty
were engaged in training graduate students (Table 1). This
percentage did not vary greatly between public and private
institutions, or between the 20 largest and the remaining
institutions. However, it did vary among the different departments.
For example, 94 percent of plant biology faculty within botany
departments were training graduate students in 1988-89, compared

Table 1. Percentage of plant biology faculty training graduate students by department, academic years 1982-83
and 1988-89: United States

Department
All institutions Land-grant

1982-83 1988-89 1982.83 1988-89

Total 81 79 79 79

Botany 90 94 88 93
Plant science 72 87 72 87
Agronomy and soil science 73 76 74 76
Biology 83 8.3 81 81
Food sciences* 71 62
Horticulture 73 75 73 78
Plant pathology 82 77 82 79
Forestry 79 73 79 69
Plant and soil science 71 71 69 78

'Not a separate category in the 1984 report.
NOTE: Only those department names with totals of more than 150 plant biologists are listed.

SOURCE: Higher Education Saiveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES
13), National Science Foundation, 1990 (survey conducted in 1989), and Plant Biolog Personnel and Training
at Doctorate-Granting Institutions, Higher Education Panel Report No. 62, November 1984, American
CouncS on Education, Table A, page 1.



Current
Description
of Plant
Biology
Personnel

Faculty

with 83 percent of plant biology faculty in biology departments and
75 percent in horticulture.

Program representatives were asked to state the total number of
plant biology full-time faculty, postdoctoral fellows, graduate
students, and Ph.D. recipients in 1988-89, and the estimated number
in 1989-90. For 1988-89, they were also asked to provide
breakdowns by gender and minority racial/ethnic groups (e.g.,
American Indians/Alaskan Native, Asian or Pacific Islander, Black,
and Hispanic).4 For faculty, they were asked to give the number
training graduate students, the number with bachelor's degrees from
foreign institutions, and the number of those graduates of foreign
institutions who were teaching undergraduates. For graduate
students and postdoctorates, they were asked the number of male
and female foreign students, and the number ef those that were
from developing countries. Comparable information on all of these
items, except number with bachelor's degrees from foreign
institutions, was collected in the 1983 survey.

In 1988-89 there were 4,517 full-time plant biology faculty in
departments offering graduate instruction in plant biology
(Appendix Table A-5). For 1989-90, institutions predicted a slight
(2 percent) increase in the number of faculty to 4,611. A 3 percent
increase (from 4,237 to 4,344) was expected among the public
institutions, while the private institutions expected a 5 percent
decline (from 280 to 267).

In plant biology programs, 10 percent of all full-time faculty were
female. This is a slight increase from 7 percent in 1982-83
(Figure 3; Appendix Table A-5). A somewhat higher percentage of
faculty were female at private institutions (15 percent) than public
institutions (10 percent), and at institutions with 5 or fewer faculty
(16 percent) than at those with 26 or more faculty (9 percent). As
with the distribution of faculty with bachelor's degrees from foreign
institutions, the greatest number of women was at public institutions
despite the somewhat greater percentage of female plant biolog
faculty at private institutions.

Racial and ethnic minorities (who were U.S. citizens) were
4 percent (in both 1988-89 and 1982-83) of all full-time faculty in
plant biolog programs. There was little variation among
institutions based on research size, faculty size, or control in the
percentage of faculty that were minorities.

4information on racial/ethnic minority status was not collected for all personnel. but only for
those who were U.S. citizens. Information was collected on the number of graduate students
and postdoctorates brim foreign countries, so the percentage that were minorities for those
groups can be calculated based on all graduate students and postdoctorates, or on those who
were U.S. citizens. For faculty and Ph.D. recipients, however, no information wry; collected
on the number who were U.S. citizens, so percentages are based on all plant biology faculty
and Ph.D. recipients.

71 6



Figure 3. Full-time faculty in plant biology programs, academic years 198243 and 1988-89:
United States

1982-83 1988-89
(N = 4,607) (N = 4,517)

Female Female
7% 10%

Male
93%

Racial/ethnic minority Racial/ethnic minority
4% 4%

Male
90%

Non-minorities Non-minoritims
96% 96%

Note: Racial/ethnic minority figures represent the percentage of full-time faculty in plant biology programs that were racial/ethnic
minorities (or non-minorities) and U.S. citizens.

Source: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13), National Science
Foundation, 1990 (1989 survey). and Plant Biology Personnel and Training at Doctorate-Granting Institutions, Higher Education
Panel Repon No. 62, November 1984, American Council on Education.
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Postdoctoral
Fellows and
Associates

Most faculty (3,648 or 81 percent) were concentrated in those
institutions with 26 or more faculty in plant biolog. The large 4
number of faculty was in the Southeast (1,643, or 36 percent), while
only 480 (11 percent) were in the Northeast (Appendix Table A-()).

As noted earlier. 79 percent of full-time plant biolog faculty in
1988-89 were training graduate students. However, the percentage
was lower in institutions with 26 or more faculty (78 percent) than in
those with 25 or fewer faculty (82-85 percent), and in the West
(78 percent) and Southeast (71 percent) than in the Northeast
(85 percent) and Central (89 percent) regions (Appendix Table
A-6).

Of the full-time faculty in 1988-89, 7 percent had bachelor's degives
from foreign institutions; 5 percent both had bachelor's degrees
from foreign institutions and were teaching undergraduates.
Faculty with bachelor's degrees from foreign institutions formed a
higher percentage at private institutions (16 percent) than at public
institutions (7 percent), and at institutions with 5 or fewer faculty
(17 percent) than at those with 26 or more faculty (6 percent;
Appendix Table A-6). However, since private and small institutions
had relatively few faculty, the actual number of faculty with
bachelor's degrees from foreign institutions was smaller at those
institutions despite the higher percentage rates.

In 1988-89, there were 1,120 postdoctoral fellows and associates in
plant biology (Appendix Table A-7). This number was expected to
remain relatively stable in 1989-90. Of these postdoctorates,
29 percent were female. This proportion is higher than that for full-
time faculty (10 percent), and may suggest a future change in the
proportion of women among the faculty as well (Table 2), In fact,
the proportion of females among postdoctorates was moderately
higher among US. citizens, who may be more likely to he faculty
and researchers in the U.S. in the future. The study showed
34 percent of postdoctorates who were U.S. citizens were female,
compared with 23 percent of those from foreign countries. These
findings are similar to results of the 1982-83 study.

Racial and ethnic minorities comprised 11 percent of all
postdoctorates and 17 percent of postdoctorates who were U.S.
citizens, which was somewhat higher than the 4 percent found
among faculty (Figure 4; Appendix Tables A-7 and A-8). Figures
for 1982-83 show that 7 percent of all postdoctorates and 11 percent
of those who were U.S. citizens were racial/ethnic minorities.
Roughly tw o-fifths of postdoctoral fellows and associates were from
foreign countrins (30 percent were males, and 9 percent were
females), with 16 percent of all postdoctorates from developing
countries.



Figure 4. Postdoctoral fellows/associates in plant biology programs, academic years 1982-83 mid
1988-89: United States
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Panel Report No. 62, November 1984, American Council on Education.
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Table 2. Percent distribution of postdoctoratesjassociates and full-time graduate students by citizenship and
gender, academic years 1982-83 and 1988-89: United States

Citizenship

1982-83 198S-89

Total Percent Percent Total Percent Percent

number male female number mule female

Total

U.S. citizens,

Foreign

Total

U.S. citizens

Foreign

Postdoetoratesjassociates

1,009 71 29 1,120 71 29

678 66 34 689 66 34

331 80 20 CI 77 23

Full-time graduate students

8,023 69 31 7,317 67 33

6,411 66 34 4,826 63 37

1,612 Pio 20 2,491 73 27

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions INES
13), National Science Foundation, 1990 (survey conducted in 1989), and Plant Biology Personnel and Training

at Doctorate-Granting Institutions, Higher Education Panel Report No. 62, November 1984, American
Council on Education, Table 5, p. 18.

As with faculty, in 1988-89 the great majority of postdoctoral fellows
and associates were at public institutions (964 of 1,120, or
86 percent), and especially at land-grant institutions (890, or
80 percent). Many of the postdoctorates were concentrated in the
largest schools. The 20 largest institutions in federally fmanced
research and development expenditures in the life sciences had
333 postdoctorates (30 percent), while institutions with 26 or more
plant biology faculty had 776 (69 percent). Unlike the distribution
of faculty (most were in the Southeast), postdoctoral fellows and
associates were most often at institutions in the West (403, or
36 percent). The Northeast had the smallest number of
postdoctorates (108, or 10 percent), as was the case with faculty.

In general, the proportions of postdoctorate fellows and associates
in 1988-89 who were females, minorities, or foreign did not vary
greatly from one category of institution to another, except for some
regional variations. Females comprised only 23 percent of all
postdoctorates in the Southeast, but 36 percent in the Northeast;
and minorities formed 17 percent of postdoctorates in the
Southeast, but 5 percent in the Central region and 7 percent in the
Northeast. Foreign students were 47 percent of all postdoctorates
in the Southeast, compared with 32 percent in the West; those



foreign students from developing countries were 23 percent of
postdoctorates in the Southeast, but 11 percent in the Northeast and
12 percent in the West.

There were 7,317 full-time graduate students in plant biology in
1988-89, with a slight increase to 7,484 predicted for 1989-90
(Figure 5; Appendix Table A-9). This compares with 69,556
graduate students in all of the life sciences at doctorate-granting
institutions.5 The percentage of female graduate students in plant
biology (33 percent) was similar to, but slightly higher than, the
percentage of female postdoctorates (29 percent). This again
suggests reasons to expect increases in the proportion of women in
faculty positions in the future (from the current 1) percent). As
with postdoctorates, the proportion of females among graduate
students was higher among U.S. citizens than among foreign
students: 37 percent were female, compared with 27 percent of
foreign graduate students (Table 2). In 1982-83, females comprised
31 percent of all postdoctorates, 34 percent of U.S. citizen
postdoctorates, and 20 percent of all foreign postdoctorates
(Appendix Tab, 10). Racial/ethnic minorities were 9 percent of
all graduate st. . is and 13 percent of the graduate students who
were U.S. citizens. This is somewhat more than the 4 percent that
were full-time faculty, but slightly less than the percentage found for
postdoctorates. Foreign students were one-third of all graduate
students (25 percent male and 9 percent female), with roughly
three-fourths (26 percent of all graduate students) from developing
countries. This percentage from developing countries was much
higher than that found for postdoctorates; (16 pment of all
postdoctorates, or 42 percent of those from foreign countries).

Graduate students were primarily located at public institutions
(6,878 of 7,317, or 94 percent), and specifically at land-grant
institutions (6,142, or 84 percent; Appendix Table A-9). One-fifth
(1,326) of graduate students were at the 20 largest institutions in
federally financed research and development expenditures in the life
sciences, and four-fifths (5,881) at institutions with 26 faculty or
more. Graduate students in plant biolog were most often at
institutions in the Southeast (2,455, or 34 percent). and least often
in the Northeast (716, ui 10 percent).

Some differences occurred among institutions in the make-up of
graduate students in plant biology. A higher proportion of graduate
students were female at private institutions (43 percent), institutions
with 25 or fewer plant biology faculty (41 percent), and institutions
in the Northeast (43 percent), than among institutions overall
(33 percent). Male foreign students were more common at public
institutions (26 percent) than private institutions (13 percent), at

5
Seke1ed Data on Graduate Students and Postdactarates in Sckncts and Engineering, Full

J.G, I luckenpahler, Division of Science RCSOLITtes Studies, National Science
Foundation, NSF 90-324, Table IS (Washington. D.C., 1990). Life sciences includes biological
and agricultural sciences, and health fields.
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Figure 5. Graduate students in plant biology programs, academic years 1982-83 and
1988-89: United States
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Panel Report No. 62, November 1984, American Council on Education.
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Ph.D.
Recipients

Changes Over
Time in
Personnel
(1982-83 to
1988-89)

institutions with 26 or more faculty (27 percent) than those with
fewer than 26 faculty (16 percent at institutions with 1 to 5 plant
biolog faculty, and 14 percent at those with 6 to 25 faculty), and at
institutions in the Southeast (28 percent) than those in the
Northeast (17 percent). Similar patterns occurred for students from
developing countries.

In 1988-89, there were 724 Ph.D. recipients in plant biolog, from a
total of 5,123 Ph.D. recipients in all of the agricultural and biological
sciences' (Appendix Table A-11). This number was expected to
increase to 859 (a 19 percent increase) in 1989-90. Of the 1988-89
recipients, 27 percent were female and 10 percent racial/ethnic
minorities. The 724 Ph.D. recipients in 1988-89 represent a 22
percent decline from the 925 Ph.D. recipients in 1982-83 (Appendix
Table A-12).

In 1988-89, PhD. recipients were located largely in public
institutions (653 of 724, or 90 percent). and land-grant institutions in
particular (595, or 82 percent; Append!x Table A-11). One-fifth
(142, or 19 percent) were at the 20 largest institutions based on
federally financed research and development expenditures, and 582
(80 percent) were at institutions with 26 plant biolog faculty or
more. Two-thirds (457) were in either the Central or Southeast
regions.

There was a somewhat higher percentage of females among Ph.D.
recipients in plant biology in the Northeast (33 percent) than in the
Southeast (23 percent). Minority groups were proportionally more
highly represented in private institutions (28 percent) than public
institutions (8 percent), in institutions with 25 or fewer plant biology
faculty (15 to 21 percent) than in institutions with 26 or more
(7 percent), and in the West (17 percent) than in other regions
(ranging from 6 to 9 percent).

Even the cross-sectional data just examined provide some evidence
that the field of plant biology is changing over time. Some changes
could seen by comparing institutions' actual figures for 1988-89 with
their projections for 1989-90, while other changes could he projected
by comparing the make-up of current faculty with that of graduate
students and Ph.D. recipients, the primary source of future faculty.
To further explore the nature of these changes, this section will
summarize the findings of the 1983 and 1989 surveys on plant
biolog personnel.

Figure 6 shows trends based on the four years for which the two
surveys provide data: 1982-83 and 1988-89 (actual data), and 1983-
84 and 1989-90 (estimates by plant biology program
representatives). For three key numbers -- the numbers of full-time

Dala on all of the agricultural and biological scienm arc from Science and Engineering
Doctorates, 1960-119, Surveys or Science Resources Series, Notional Science Foundation, NSF
90-313, Detailed Statistical Tables. Table 1. p, 22 (Washington. D.C.. 199)).
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Figure 6. The number of plant biologists at doctorate-granting institutions, selected years from
198243 to 1989-90: United States
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Panel Report No. 62, November 1984, Amcrii.,in Council on Education.

graduate students, full-time faculty, and Ph.D. recipients -- the
graph shows long-term declines. The number of full-time faculty
shows a net decline of 2 percent from 1982-83 to 1988-89, the
number of graduate students a decline of 9 percent, and the number
of Ph.D. recipients a decline of 22 percent. Interestingly, these
figures represent a reversal of trends that might have been predicted
from the 1983 survey, when institutions projected slight increases in
all three areas for the following year. In contrast, the number of
postdoctoral fellows and associates shows a long-term increase from
1,009 in 1982-83 to 1,120 in 1989-90 (11 percent).7 The percentage
of faculty training graduate students declined slightly from
81 percent in 1982-83 (based on the 1984 report) to 79 percent in
1988-89.

',Several of these statistics show variation from onc year to another. with both increases and
decreases depending on the years examined. However. the general trends :wet, sufficiently
large to speak meaningully of net changes. Data are not at44able from this survey to
examine the degree to whieh some of the year-to-year fluctuations may be artifacts of the way
in which data were collected. PApecially in the case of Ph.D. recipients, it is surprising to see
projected increases both from 1982-83 to 1983-84. and from 1988-89 to 1989.90, in contrast to
actual Overall declines. One possibility is that the projected increases represent graduate
students' optimistic pmjections of when they would complete their degrees, while their actual
progress may have been slower than anticipated. Similarly, onc could argue that the relatively
large projected drop (compared to previous ran) in the number of full-time faculty front
1988-89 to 1989-90 represents an inability of program representatives to project the numbcr
of departing faculty that will be successfully replaced; however, no such similar drop was
found from 1982-82 to 1983-84.1essening the justifiration for such an explanation.
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Major
Disciplines
Within Plant
Biology

Along with changes in the total number of plant biologists, the
distribution by gender and minority status also changed. The
percentage of females increased at least marginally in three of the
four categories. The changes from 1982-83 to 1988-89 were from
7 percent to 10 percent among full-time faculty, from 21 percent to
27 percent among Ph.D. recipients, and from 31 percent to
33 percent among graduate students; there was no change among
postdoctoral fellows, which remained stable at 29 percent. While a
somewhat greater proportion of graduate students and postdoctoral
fellows and associates were females among U.S. citizens than among
noncitizens (noted earlier), this difference did not have an
important effect on changes over time. Among U.S. citizens, the
percentages increased from 34 percent to 37 percent among
graduate students, and remained stable at 34 percent among
postdoctoral fellows and associates.

The percentage of all plant biologists who were racial/ethnic
minorities and U.S. citizens increased as wel1.8 The increases were
from 7 percent to 9 percent among full-time graduate students, from
5 percent to 10 percent among Ph.D. recipients, and from 7 percent
to 11 percent among postdoctoral fellows and associates. These
increases are larger when percentages are calculated for plant
biologists who are U.S. citizens. Racial/ethnic minorities increased:
from 7 percent of graduate students in 1982-83 to 13 percent in
1988-89, and from 11 percent of postdoctorates in 1982-83 to
17 percent in 1988-89. In the case of faculty, the percentage of all
full-time plant biolog faculty who are racial/ethnic minorities and
U.S. citizens has remained stable at 4 percent.

Finally, the number of plant biologists who we foreign has
increased among graduate students from 1,612 H. 1982-83 to 2,491 in
1988-89, and among postdoctoral fellows and associates from 331 in
1982-83 to 431 in 1988-89. For full-time graduate students, the
increase was from 20 percent to 34 percent, while tbr postdoctoral
fellows and associates, the increase was from 33 percent to
38 percent. Although there was a decline in the total number ol
graduate students from 1982-83 to 1988-89. there was an actual
increase of 55 percent in the number of foreign graduate students
and a 25 percent decline in the number who were U.S. citizens
(from 6,411 to 4,826).

Besides providing cumulative statistics on all plant biologists at
their institutions, program representatives were also asked to
provide information on specific disciplines in which plant biologists
at their institutions might he involved. They were asked to identify
the major disciplines in their plant biology programs, the discipline
with the greatest need for filling vacancies, and the disciplines with
the greatest surpluses or shortages in various employment
categories.

8
As noted earlier. statistics for racialjettmic minority groups were collected only for U S
citizens.
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Current
Emphasis in
Major
Disciplines

Program representatives were asked to rank the top three
disciplines in their plant biology programs based on the number of
graduate students, postdoexates, and faculty doing research. A list
of 16 disciplines was provided, along with the option of listing
additional disciplines. The listed disciplines were agronomy/soil
science, anatomy/morphology, biochemistry, cell biology,
developmental biology, ecology, evolution, forestry/natural
resources, genetics, horticulture/crop science, microbiology,
molecular biology, plant pathology, plant physiology, systematics,
and weed science.

Each of the 16 listed disciplines was ranked first by at least one
program representative as training the greatest number of graduate
students in plant biology at his/her institution (Appendix Table
A-13). For 1988-89, the disciplines ranked first most often were
ecology (30 institutions), molecular biology (29), agronomy/soil
science (16), plant physiology (16), and systematics (10). Additional
disciplines that were selected frequently as having the second or
third most students were biochemistry, cell biology, genetics, and
plant pathology. When all three categories (most students, second
most students, and third most students) were totaled, the disciplines
with the most graduate students were ecology (66 mentions), plant
physiology (65), molecular biology (61), systematics (33),
agronomy/soil science (31), genetics (3 1), and biochemistry (29).

Fewer institutions had postdoctorates than had graduate students,
and thus fewer program representatives could state the major
emphases for postdoctorates (113, compared with 153 institutions
listing a primary discipline for graduate students). Still, each of the
16 disciplines was listed at least once as one of the top three. The
most frequently cited disciplines were molecular biology (33 first
place mentions, and 55 mentions among the top three), plant
physiology (18 and 41, respectively), biochemistry (16 and 3 1), and
ecology (10 and 24).

As with graduate student training, each of the 16 disciplines was
listed by at least one program representative as having the most
plant biology faculty involved in research. The disciplines listed as
having the most faculty researchers were molecular biology (24
program representatives giving first place rankings), ecology (21),
plant physiology (21), systematics (13), agronomy/soil science (12),
biochemistry (11), and cell biology (11). The disciplines listed most
often among the top three were plant physiolog (72), ecology (61),
molecular biology (60), and systematics (34).

In 1982-83 (Table 3), ecology was ranked most often as the
discipline with the most graduate students being trained and the
area where the most faculty were conducting research. Most
postdoctoral training was done in plant physiology.
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Table 3, Highest ranking areas of concentration in plant biology, academic years 1982-83 and 1988-89:
United Sta:es

Area of concentration
19$2-83

Rank Arca of concentration
1988-89

Graduate Student Training

Ecology 1 Ecology
Plant physioloa 2 Molecular biology
Systematics 3 Plant physiology
Agronomy and soil science 4 Systemics
Biochemistry S Genetics

Faculty Research

Ecology Plant physiology
Plant physiolog 2 Ecology
Systemat ics 3 Molecular bioloty
Biochemistry 4 Biochemist ry
Agronomy and soil science S Genetics

Postdoctoral Training and Research

Plant physiology I Molecular biology
Biochemistry 2 Plant physiology
Ecology 3 Biochemistry
Plant patholoty 4 Ecology
Molecular biology 5 Agronomy/soil science

F.OURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-uranting Institutions (HES
13), National Science Foundation, 1990 (survey conducted in 1989), and Plant Biolog Personnel and Training
at Doctorate-Granting Institutions, Higher Education Panel Report No. 62, November 1984, American
Council on Education. Table 6, p. 20.

Filling Vacancies
in Major
Disciplines

Program representatives had some difficulty describing their
vacancies in plant biology because the field spans many disciplines,
many which include fields other than plant biology. In some cases,
they expected departments at their institutions to have vacancies
due to the departure of faculty, but the positions could potentially
be assigned to other disciplines at the institution and had to be re-
authorized before recruiting could begin. In other cases, they
indicated their institutions might be actively recruiting in areas such
as cell biology or biochemistry, without any prior determination of
whether the candidate should also be a plant biologist. To lessen
ambiguities in their responses, program representatives were asked
to describe the number of full-time vacancies specifically in plant
biology for which they were actively recruiting.

Of 154 institutions with graduate programs in plant biology in 1988-
89, 82 program representatives reported their institutions were
actively recruiting for a total of 276 full-time vacancies in plant
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Current
Employment
Market in
Plant Biology

biology. In comparison, in 1982-83, program representatives
indicated there were 213 vacancies, The 276 vacancies in 1988-89
average to roughly 3 vacancies per institution (Appendix Table A-
14). By far, the greatest number of vacancies (236, or 86 percent)
were at public institutions, with 209 (76 percent) at land-grant
institutions. One-fifth (56) of the vacancies were at the 20 largest
institutions based on federally financed research and development
expenditures in the life sciences, and two-thirds u ere at institutions
with a large plant biology faculty (26 members or more). The
greatest number of vacancies (102, or 37 percent) were at
institutions located in the Southeast, the region currently having the
greatest number of plant biology faculty.

The area in which program representatives expressed the greatest
need to fill vacancies was molecular biology (33 percent of all
institutions with vacancies). The next most frequently expressed
need was in plant physiology (11 percent). Program representatives
at land-grant institutions were somewhat more likely to say their
greatest need was in molecular biology (35 percent) than private
institutions (27 percent). Molecular biology was also listed as the
greatest need more often by program representatives at the 20
institutions with the largest federally financed R&D expenditures in
the life sciences (44 percent, compared with 30 percent of the other
institutions), and by those at institutions with fewer faculty
(40 percent of those at institutions with 25 or fewer plant biology
faculty, compared with 26 percent of those with 26 or more faculty).

However, these differemes were not large, and in some cases the
percentages were based on small numbers of institutions (since not
all program representatives reported their vacancies in plant
biology). Needs in plant physiology were even more consistently
reported across institutions.

Program representatives who stated their institutions had vacancies
in plant biology and gave the discipline in which they had the
greatest need were asked to provide the reason for the need. The
most commonly cited reasons were research opportunities
(48 percent) and faculty retirements and departures (42 percent).
Departmental representatives at institutions in the Southeast were
more likely to give research opportunities as the reason (57 percent)
than those in the Northeast (40 percent), and those at public
institutions (50 percent) more so than those at private institutions
(36 percent). Another difference was that 54 percent of program
representatives at institutions with 26 or more plant biology faculty
cited faculty retirements and departures, compared with 26 percent
of those at institutions with between 6 and 25 plant biology faculty.

Using the list of 16 disciplines described above, program
representatives were asked to identify the 2 disciplines where they
were most experiencing a surplus ofpositions and the 2 where they
were most experiencing a shortage for 6 employment categories:
postdoctoral training positions, permanent doctoral research
associate positions, tenure-track faculty positions, industrial
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positions, federal/state government positions, and nonprofit
research institutions. A surplus of positions was defined as there
are more positions available than trained people to fill them, and a
shortage as there are not enough positions for all the qualified
people who are applying for them. Not all program representatives
were able to respond for all six of the categories, and some program
representatives often lacked experience with the employment
market in the industrial, federal/state, and nonprofit research
institution employment categories. Some of the program
representatives at smaller institutions also expressed difficulties with
answering this item because of limited experience with all
16 disciplines, and were reluctant to list 2 disciplines when they
lacked information on other disciplines. For this reason,
percentages are not presented in this section, but the absolute
number of program representatives citing an area as one of the two
most experiencing a surplus or shortage.

In both 1982-83 and 1988-89, molecular biology was mentioned most
frequently as the discipline w:th a surplus of positions; the
disciplines most often cited as having a shortage of positions were
ecolog in 1982-83 and systematics in 1988-89 (Tables 4 and 5). In
each of the six employmen. categories, program representatives
were most likely to indicate a surplus of positions for molecular
biology in 1988-89. For example, program representatives at
47 institutions said there was a surplus of tenure-track faculty
positions, compared with program representatives at 26 institutions
saying there was a shortage (Appendix Table A-15). Biochemistry
was also cited frequently: although overall program
representatives tended to describe biochemistry as experiencing a
surplus of positions, in some employment categories (permanent
doctoral research associate, government, and nonprofit research
institutions), program representatives were relatively evenly divided
between those seeing a surplus and those seeing a shortage.

Systematics, anatomy/morphology, and evolution generally were
seen as experiencing a shortage of positions in all six employment
categories. For example, in systematics, program representatives at
30 institutions saw a shortage of tenure-track faculty positions,
compared with those at 5 institutions who saw a surplus. In
anatomy/morphology, representatives at 20 institutions said there
was a shortage in tenure-track faculty positions, compared with 3
saying there was a surplus; and in evolution. 11 said there was
shortage, compared with 2 seeing a surplus.

In some rases, there were dramatic changes in disciplines program
representatives listed among the top three in faculty research. The
greatest increase occurred in molecular biology, which was listed as
one of the top three disciplines in faculty research by 20 program
representatives in 1982-83, but by 60 program representatives in
1988-89 (Figure 7). Given that many program representatives
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Table 4. Disciplines frequently cited by program representatives as having a shortage of positions by
employment category, academic years 1982-83 and 1988-89: United States

Employment category
Academic

year

Most frequently
cited

Secatnd most
frequently cited

Postdoctoral training positions 1982443 Ecolog Systematics

1988-89 Systematics Ecolog

Permanent doctoral research associate positions 1982-83 Ecology Anatomy/morphotog
1988-89 Systematics F.colog

Tenure-t rack faculty posit ions 1982-83 Ecolog Systemat ics

1988-89 Systemat ies Ecology

Industrial positions 1982-83 Ecolog Systemat ics

1988-89 Molecular biolog Systemat ics

Federal/state government positions 1982-83 Ecolog Systematics

1988-89 Systematics Molecular biology

Nonprofit research institutions 1982-83 n.a. n.a.

1988-89 Systematics Molecular hiolog

n.a. = not available; not asked in 1984.

3OURCE: Higher Education Surveys, Plant Biolog Personnel and Training at Doctorate-Granting Institutions (HES
13), National Science Foundation, 1990 (survey conducted in 1989), and Plant Biology and Training at
Doctorate-Granting Institutions, Higher Education Panel Report No. 62, November 1984, American Council

on Education, Table 9b, p. 20.

Table 5. Disciplines frequently cited by program representatives as having a surplus of positions by
employment category, academic years 1982-83 and 1988-89: United States

Employment otegory
Academic

year
Most frequently

cited

Second most
frequently cited

Postdoctoral training positions 1982-83 Molecular biology Biochemistry
1988-89 Molecular biology Biochemistry

Permanent doctoral research associate positions 1982-83 Molecular biology Biochemistry
1988-89 Molecular biolog Biochemistry

Tenure-t rack faculty posit ions 1982-83 Molecular biology Genetics
1988-89 Molecular biology Biochemistry

Industrial positions 1982-83 Molecular biology Biochemistry; Genetics
1988-89 Molecular biology Biochemistry

Federal/state government positions 1982-83 Molecular biology Biochemistry
1988-89 Molecular biology Biochemirtry

Nonprofit research institutions 1982-83 n.a. ma.

1988-89 Molecular biology Biochemistry

n.a. = not available; not asked in 1984,

SOURCE: Higher Education Surveys, Plant Biolog Personnel and Training at Doctorate-Granting Institutions (HES
13), National Science Foundation, 1990 (survey conducted in 1989), and Plant Biology Personnel and Training

at Doctorate-Granting Institutions, Higher Education Panel Repon No. 62, November 1984, American
Council on Education, Table 9a, p. 25.
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Figure 7. Disciplines program representatives listed among the top three (based upon greatest
number of faculty) in faculty research in 1982-83 and 1988-89: United States
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perceived a surplus of positions in molecular biology in 1988-89, the
number of biologists trained in molecular biology may increase
further. Other disciplines showed large declines in the number of
program representatives that listed them as one of their top three in
faculty research; ecology changed from 82 mentions in 1982-83 to 61
mentions in 1988-89, plant physiology from 86 to 72, and systematics
from 47 to 34.

Changes also occurred with respect to the employment market. The
number of vacancies for which program representatives ;ndicated
their institutions were actively recruiting increased from 213
vacancies at 67 institutions in 1982-83 to 276 vacancies at 82
institutions in 1988-89 (Table 6). The disciplines in which program
representatives reported the greatest need for faculty changed from
molecular biology (27 percent), horticulture/crop science
(12 percent), and agronomy/soil science (10 percent) in 1982-83 to
molecular biology (33 percent) and plant physiology (11 percent) in
1988-89. Also, though the proportions of program representatives
giving reasons for needing to fill vacancies did not change
substantially, more program representatives indicated their
institution experienced vacancies in 1988-89, and thus the number
choosing the two major reasons increased (Figure 8). For example,
research opportunities was the major reason given for needing to fill
vacancies, and the number of program representatives giving that
reason increased from 35 in 1982-83 (52 percent) to 39 in 1988-89
(48 percent). Similarly, the second major reason, faculty
retirements and departures, was cited by 24 program
representatives in 1982-83 (36 percent) and by 34 program
representatives in 1988-89 (42 percent).

Table 6, Number of facuhy vacancies in plant biology, academic years 1982-83 and 1988-89: United States

Institutional characteristic 1982-83 1988-89

Total 213 276

Control

Public 190 236

Land-grant 168 209

PriVa I e 23 ao

Research size

Top 20 61 so
Not in top 20 152 220

NOl E: Research size is based on federally financed R&D expenditures in the life sciences for fiscal year 1982.

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES
13), National Science Foundation, 1990 (survey conducted in 1989), and Plant Biology Personnel and Training
at Doctorate-Granting Institutions, Higher Education Panel Report No. 6Z November 1984, American
Council on Education, Table 8a, p. 23.
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Figure 8. Reasons program representatives selected for their institution's "greatest need"
to fill vacancies in plant biology in 198243 and 1988-89: United States

Reason .

Research
opportunities

Faculty
retirements/

departures

Increased
graduate

enrollments

Other
1982-83

1988-89

0 10 20

Number of institutions

NOTE: One institution with vacancies did not provide a reason for the greatest need.

30 40

Source: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13). National
Science Foundation, 1990 (1989 survey), and Plant Biology Personnel and Training at Doetorate-Granting Institutions,
Higher Education Panel Report No. 62, November 1984, American Council on Education.

Financial
Support

Research

Program representatives were asked to describe the amount of
outside financial support their institution had received for plant
biology research, and the major source of funding for graduate
student and postdoctoral fellows/associates at their institutions.

Program representatives had difficulties in determining the amount
of outside funding for plant biology. One problem was that their
institutions were not structured to deal with plant biology as a single
discipline, but rather often offered plant biology in many different
departments, some of which also included fields other than plant
biology. Even when institutions had strong institutional controls for
monitoring finances, those controls typically were not designed for
monitoring plant biology. Further, at some institutions, grants were
managed in a decentralized manner (e.g., through the indicated
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researchers) with little institution-wide information about those
grants. Thus, five program representatives could not provide any
data on outside funding for their institution, and others expressed
uncertainty over the figures that they provided.

NSF maintains data on federal funding for plant biology available
through competitive grants, and these data were compared with the
survey data to evaluate the reliability of the latter. The NSF data
listed $150 million for 1988-89 (compared to $120 million based on
this survey) and confirmed that the amounts reported for the
institutions surveyed were underestimates of the total amount
received for federal funding. No data were available for evaluating
the other nonfederal components of outside funding, but feedback
from program representatives indicates that all figures provided in
this survey are likely to be underestimates. They could clearly
report on some grants for plant biology, but not all grants could be
identified.

For fiscal year 1988-89, program representatives reported
$242 million in outside support for plant biology research (Appendix
Table A-16).9 This compares with a total outside funding of $6
billion for all of the life sciences, and $112 million in federal Hatch
funds for all of the life sciences.10 Roughly half of this support,
according to the program representatives, came from the federal
government (8 percent in Hatch funds, and 41 percent from other
federal government sources)." The primary nonfederal source of
funds for research they reported was state governments, which
accounted for one-third of all support (23 percent in Hatch funds,
and 11 percent from other state sources). Industry provided
9 percent of all outside funds for research, and other private sources
(e.g., foundations and associations) provided 8 percent.

Consistent with the finding that most plant biologists were located at
public institutions, program representatives at public institutions
reported $224 million (93 percent) of outside funding for research,
and $212 million (88 percent) was reported by program representa-
tives at land-grant institutions. The 20 largest institutions (based on
federally financed research and development expenditures in the life
sciences in 1988) received $76 million, or 31 percent. Based on
faculty size, research funds went primarily to the institutions with

9Where institutional representatives were unable to provide exact numbers, they were asked
to provide their best estimates. Five institutional representatives were not abk to provide
any data on the amount of outside funding received for plant biology. Using a regression
equation (r2i, .67) based on the number of full-time graduate students, Ph.D. degrees
awarded, and postdoctorates, an additional $12 million above the $242 million reported hem
might be estimated to have been received at those institutions.

°Estimate of total outside funding based on $7.2 billion in R&D espendituru in ILL life
sciences, and on 83 percent of R&D expenditures for all sciences coming firm cnits:iic
sources. Published in Academk Science/Engineering R&D Funds Fiscal Year 74 SSC op. it.
Information on Batch funds is from the Cooperative State Research Budget Offi:e.

IIFor roughly 4 percent of the funds, institutional representatives were able only to tirovide
totals, rather than indicating the specific source of funds. Percentages provided here on the
source of funds arc based on the 96 percent of funds where data were available.



the largest programs, with $201 million (83 percent) reported by
program representatives at institutions with 26 or more plant
biology faculty. Although program representatives at institutions in
the West reported fewer full-time plant biology faculty than both
those in the Southeast and Central regions, they reported more
funds than either ($97 million, or 40 percent); this was due to the
greater level of state government Hatch funds reported (38 percent
of all plant biology research funds in the West, compared with no
more than 14 percent in the other regions). The region in which
program representatives reported the second most funds, the
Southeast, was distinguished by its relatively large level of other
state government funds besides Hatch funds (20 percent, compared
w;th from 6 to 9 percent of funds reported in other regions).

At one-third of all reported funding, Hatch funds formed a major
portion of the financial support for plant biology research. Hatch
funds are provided on a matching basis from the federal and state
governments to agricultural experiment stations, with states varying
in the percentage match they provide for the federal funds. As
noted, the relatively high level of state support reported in the West
resulted in high total funding in that region. Hatch funds were not
large enough to account for all of the difference between public and
private institutions, or between large and small institutions, but did
account for a major part of that difference.

Graduate students may receive financial support from many
sources, and a student may receive support from a combination of
szurces. Program representatives were asked to describe their plant
biology graduate students' support in terms of the major source of
support for each student.

The most frequently mentioned primary source of funds was
institutional support, which was the major source for 28 percent of
all graduate students in 1988-89 (Appendix Table A-17) and 30
percent in 1982-83 (Appendix Table A-18). However, if federal,
state, and foreign funds are combined, half of the students received
their major support from government funds: 21 percent of all
graduate students were primarily supported by federal research
grants, 4 percent by federal fellowships, 15 percent by state
government sources, and 10 percent by foreign governments.
Students were also supported through personal funds (11 percent),
industry (5 percent), and other sources (6 percent).

Some of the greatest differences among institutions were in the
program representatives' reports of support of students by state
governments. Those at public institutions reported state
governments were the primary source of support for 15 percent of
the graduate students, compared with 2 percent reported for those
at private institutions. Since public institutions had many more
graduate students than private institutions (6,878 versus 439),
differences were even larger in terms of absolute numbers of
students. Also, program representatives at institutions with 26 or
more plant biology faculty reported both a greater percentage
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Postdoctoral
Fellows and
Associates

Changes in
Financial
Support (1982-
83 to 1988-89)

(17 percent) and greater absolute number of students primarily
supported by state governments than those at smaller Institutions
(7 percent or fewer).

Support by foreign governments followed similar patterns, with
greater percentages of support reported for public institutions
(10 percent of students) than for private institutions (5 percent),
and for institutions with 26 or more plant biology faculty
(12 percent) than for smaller institutions (3 percent). This is
consistent with the much greater percentage of foreign students at
public institutions and large institutions noted earlier.

Postdoctoral fellows and associates in 1988-89 received support
from different sources than did graduate students, especially the
federal government. Program representatives indicated that most of
their postdoctorates (52 percent) received their primary support
from federal research grants, and an additional 7 percent from
federal fellowships (Appendix Table A-19). Figures for 1982-83
were very similar 54 percent from federal grants and 6 percent
from federal fellowships (Appendix Table A-20). Other primary
sources of support in 1988-89 were state governments (12 percent of
postdoctorates), industry (7 percent), foreign governments
(6 percent), institutional support (6 percent), personal funds
(3 percent), and other sources (6 percent).

According to program representatives a greater percentage of
postdoctorates were supported by federal research grants at public
institutions (55 percent) and institutions with 26 or more plant
biology faculty (53 percent) than at private institutions (36 percent)
or institutions with 5 or fewer faculty (33 percent), Instead, private
institutions and institutions with five or fewer faculty showed higher
levels of support by federal fellowships (17 percent and 21 percent.
respectively) than institutions overall (7 percent).

Total reported outside support for plant biology research increased
from $201.6 million in 1982-83 to $2423 million in 1988-89, an
increase of 20 percent (1982-83 data from the 1984 plant biology
report)." The Consumer Price Index (CPI) showed an inflation
rate of 23 percent from 1982 to 1988, so this increase was very close
to (but slightly lower than) the rate of inflation. Since program
representatives reported a small decline in the number of full-time
faculty in plant biology, the amount of financial support per full-time
faculty member increased at a somewhat higher rate (23 percent),
the same as the rate of inflation.

12A5
noted, the figures for 1988-89 are underestimates. NSF data on federal funding for plant

biology corresponded more closely to the survey data for 198344 than for 1988-89. Thu&
these figures may underestimate the amount a growth that has occurred. Another
explanation might be that the quality of NSF data on Federal funding of plant biolov has
improved since 198344. and represents federal funding most completely than it did earlier.



The sources of outside funds reported by program representatives
were relatively stable in terms of the proportion of dollars provided
(the federal government accounted for 49 percent of funds both in
1982-83 and in 1988-89, and state governments accounted for
34 percent in both years), though the dollar amounts increased from
each source over that time period (Figure 9).

Figure 9. Program representatives' report of outside financial support for plant biology
research in 1982-83 and 1988-89: United States

198243

Total = $201 million

1988-89

Total = $242 million

r
Federal

State

Industry

Other

NOTE: The total dollar amount for 1988-89 is known to be an underestimate. due to the institutional difficulties in identifying
all plant biology funds. Percentage estimateS on the sources of funds are based on the 96% of funds for which institutions
could identify sources.

Source: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13), National Science
Foundation, 1990 (1989 survey). and Plant Biology Personnel and Training at Doctorate-Granting Institutions, Higher
Education Panel Report No. 62, November 1984, American Council on Education.

There was very little change in the major sources of financial
support for graduate students and postdoctoral fellows from 1982-83
to 1988-89 in terms of the proportion receiving each type of support
(Figure 10).
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Figure 10. Major source of support for graduate students and postdoctoral fellows in 1982-83
and 1988-89: United States

1982-83

3%

30%

198243

I%

Graduate students

Federal fellowship

CD Federal research grant
IN State government

Mi Foreign government
in Institutional support
lEMI Industry

co Personal funds
MI Other

198849

Postdoctoral fellows

NOTE Percentages may not add to 100 due to rounding.

28%

10%

1988-89

3%

15%

Source: Higher Education Surveys. Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13), National Science
Foundation, 1990 (1989 survey). and Plant Biclogy Pessonnel and Training at Doctorate-Granting Institutions. Higher Education
Panel Report No. 62. November 1984, American Counil on Educatig5q,r,
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Factors
Limiting
Progress in
Plant
Biology

Program representatives were asked to state whether each of seven
listed factors had the effect of limiting progress in pl int biology at
their institutions. The factors included intellectual isolation,
insufficient financial support for research, poor quality of graduate
and undergraduate students, lack of nationally competitive faculty,
inadequate equipment/instrumentation, insufficient financial
support for graduate students, and lack of university and
department commitment to plant biology. Of those factors that did
limit progress, they were asked to rank them in terms of which
limited progress the most (i.e., "1" for the area that limits progress
the most, "2* for the second most, etc.).

Each factor was listed as a problem by at least two-fifths of the
program representatives. In order of the frequency of mention, they
were insufficient financial support for research (86 percent),
insufficient financial support for graduate students (83 percent),
inadequate equipment/instrumentation (65 percent), lack of
university and department commitment to plant biology
(57 percent), poor quality of graduate and undergraduate students
(53 percent), intellectual isolation (45 percent), and a lack of a
nationally competitive faculty (41 percent; Appendix Table A-21).
Additionally, 12 percent of the program representatives listed other
problems besides the 7 listed in the questionnaire. The mean ranks
resulted in a roughly similar ordering, with insufficient financial
support br research and insufficient financial support for graduate
students being problems that limited progress the most (the mean
ranks were 1.9 and 2$, nspectively). However, while 65 percent of
provam representatives said that they were limited by inadequate
equipment instrumentation, few said this was the factor limiting
progress the most (Figure 11).

For six of the seven problems listed, program representatives at
public institutions were more likely than those at private institutions
to perceive a problem. The exception was a lack of university and
department commitment to plant biology, where the percentages
were essentially equal. However, representatives of public and
private institutions ranked the factors in essentially the same order,
except that those at private institutions gave a greater importance to
a lack of university and department commitment to plant biology
(mean rank of 2.7) than those at public institutions (mean rank of
3.8). Similarly, for every factor but intellectual isolation and a lack
of university and department commitment to plant biology, program
representatives at institutions with 26 or r ore plant biology faculty
were more likely to perceive a problem tF An institutions with 5 or
fewer plant biology faculty. Again, the relative ranks of the seven
factors were roughly similar among the two groups, except that
those at institutions with five or fewer faculty gave more importance
to intellectual isolation (mean rank of 3.8, compared with 5.3 for
those at institutions with large plant biology programs) and a lack of
university and department commitment to plant biology (mean
ranks of 3.0 and 5.0, respectively).
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Figure 11. Program representatives' evaluation of factors limiting progress in plant biology,
academic year 1988-89: United States

Factors

Insufficient financial
86support for research

Insufficient financial support 83
for graduate students

Inadequate equipment 65
instrumentation

Lack of university and
57department commitment

Poor quality of graduate
53

and undergraduate students

Intellectual isolation 45

Lack of nationally
competitive faculty

=I Limits progess most
Other institutions citing
factor as a problem

20 40 60

Percent citing problem

Source: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13), National Science
Foundation, 1990 (1989 survey).
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Table A-1. Administrative unit that has primary focus for training gaduate students in plant biology by
institutional characteristic, academie year 1988-89: United States

Institutional
characteristic

Number
of

institutions

Location of primaty focus (percem)

Division/
College of Arts

and Sciences

School/College/
Division of

Agriculture/
Forestry/

Natural Resources

Other
administrat ive

unit

Number

1

Percent Number Percent Number Percent Number Percent

Total 154 100 96 62 52 34 6 4

Control

Public 113 100 61 54 49 43 3 3

Land-granti 89 100 42 47 45 51 2 2

Private 41 1(x) 35 85 3 7 3 7

Research size2

Top 20 20 100 16 80 4 20 0 0

Not in top 20 134 100 80 60 48 36 6 4

Plant biolog faculty

1 - 5 47 HX) 46 98 0 0 I 2

6 - 25 60 100 45 75 11 18 4 7

26 or more 47 100 5 11 41 87 1 2

Region

Northeast 34 100 24 71 8 24 2 6

Central 43 100 29 67 12 28 2 5

Southeast 45 100 :,7 60 17 38 I 2

West 32 100 16 50 15 47 1 3

1One land-grant institution is a pnvate institution that has been granted the use of some public land.

2Based on federally financed R&D expenditures in the life sciences for fiscal year 1988, published in Academie

Sclence/Enginerring R&D Funds Hseal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical
Tables (Washington, D.C., 19%). See Appendix B for a list of institutions.

NOTE: Percentages may not add to 100 due to rounding.

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (kIES 13),

National Science Foundation, 1990 (survey conducted in 1989).



Table A-2. Administrative unit that has primary focus for training graduate students in plant biology by
institutional characteristic, academic year 1982-83: United States

Institutional
characteristic

Number
of

institutions

Number Percent

Location of primary focus

AO.

Division/
College of Arts
and Sciences

Number Percent

School/College/
Division of

Agricuhure/
Forestry/

Natural Resources

Other
administrat lye

unit

Number Percent Number Percent

Total 165 100 89 54 49 30 27 16

Control

Public 118 100 56 47 43 36 19 16

Land-grant 48 I(X) 5 10 41 85 2 4

Private 47 100 33 70 5 Il 9 19

Research size*

Top 20 20 l(X) 13 65 5 25 2 10

Not in top 20 145 100 76 52 44 30 2.5 17

*Based on federally financed R&D expenditures in the life sciences for fiscal year 1982.

NOTE: Details may not add to totals because of rounding.

SOURCE: Plant Biology Personnel and Training at Doctorate-Granting Institutions, Higher Education Panel Report No.
62, November 1984. American Council on Education. Table 1, p. 12.
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Table A-3. Number of full-time plant biology faculty and the percent training graduate students by institutior al
characteristic and department type, academic year 1988-89: United States

Discipline

All
institutions

Control Research size' 1

Total

Percent
training
graduate
students

Public Private Top 20 Not in top 20

All Land-grant

Total

Percent
training
graduate
students

Total

Percent
training
graduate
students

Tutal

Percent
training
graduate
students

Total

Percent
training

graduate
students

Total

Percent
training
graduate
students

Total3 4,517 79 4,237 79 3,671 79 280 87 717 90 3.800 78

Botany 589 94 544 93 512 93 45 98 72 100 517 93

Plant science 226 87 216 88 226 87 10 70 25 88 201 87

Agronomy and soil science 724 76 710 76 695 76 14 79 93 90 631 74

Biology 584 83 452 81 334 81 132 88 91 95 493 80

Food sciences 297 71 286 70 231 62 11 82 56 79 241 69

Horticulture 531 75 528 76 461 78 3 0 77 84 454 74

Plant patholog 562 77 558 77 490 79 4 75 94 93 468 74

Forestry 325 73 322 73 230 69 3 100 33 94 292 71

Plam and soil science 221 71 221 71 179 78 0 10 60 211 72

Biochemistry 81 80 76 80 64 86 5 80 10 100 71 77

Genetics 44 73 36 69 30 67 8 100 14 100 30 63

Chemistry 17 100 15 100 9 I(X) 2 100 .3 100 14 100

Animal and range sciences 61 90 58 93 58 93 3 33 5 60 56 93

Molecular and cell biology 52 77 45 73 42 74 7 100 4 100 48 75

Ecology 45 87 43 86 43 86 2 100 31 84 14 93

Microbiology 17 94 12 100 10 100 5 80 4 100 13 92

Assorted biological
sciences 28 89 15 80 9 100 13 100 12 100 16 81

All others 41 54 28 46 38 55 13 69 11 82 30 43

!Based on federally financed R&D expenditures in the life sciences for fiscal year 1988, published in Academic
Selence/Engineering R&D Funds Fiscal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical Tables
(Washington, D.C., 1990). Sec Appendix B for a list of institutions.

2One land-grant institution is a private institution that has been granted the use of some public land.

3The total includes 72 faculty at one institution whose departments were not identifi, d. These 72 faculty were not included when
calculating the percentage training graduate students.

NOTE: The number of departments with plant biology faculty ranged from 1 to 13 per institution.

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate Granting institutions (HES 13).
National Science Foundation, 1990 (survey conducted in 1989).
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Table A-4. Number of full-time plant biology faculty and the percent training graduate students by institutional characteristics and department type, academic year
1982-83: United States

Department1

Aft

institutions
Control Research size2

Total

Percent
training
graduate
students

Public

All

Private Top 20

1,and-grant

Total

Percent

training

graduate

students

Total

Percent

training

graduate
students

Total

Percent

training

graduate

students

Total

Percent

training
graduate

students

Not in top 20

Total

Percent

training

graduate

studeros

Total 4.759 81 4,491 81 3,802 79 268 81 863 85 3,896 80

Botany 600 90 561 90 404 NB 39 87 96 100 501 88
Plant science 313 72 333 72 313 72 0 na. 22 91 291 70

> Agronomy and soil science 806 73 806 73 795 74 0 RA. 52 77 754 73
cia Biology 4753 82 284 84 74 80 144 76 64 66 364 81

Food sciences - -
Horticulture 506 73 506 73 506 73 0 rya. 99 76 407 72
Plant pathology 434 82 434 82 434 n 0 na. 80 93 354 BO
Forestry. 246 79 230 77 206 79 16 100 80 79 166 79
Plant and soil science 195 71 195 71 181 69 0 11.8. 42 45 153 78
Biochemistry 109 93 106 94 100 94 3 33 33 100 76 89
Genetics 56 89 55 91 55 91 1 0 25 96 31 84
Chemistry 18 100 17 100 2 100 1 100 6 100 12 100
Animal and range sciences.
Molecular and cell biology
Microbiology
Assorted biological sciences 205 87 182 86 54 83 23 100 23 100 182 86
Marme sciences/oceanography ............ 13 100 13 100 1 100 0 3 100 10 100
M others 830 87 789 87 677 87 41 78 238 85 592 87

47
Department names cited by 5 or more institutions.

2Based on federally financed R&D expenditures in the life sciences for fiscal year 1982.
Data not available in the 1984 report.

n.a. wg not applicable.

NOTE This table shows counts of plant biology faculty in departments that were involved in training plant biology graduate students. Table 46 shows counts of faculty in plant biology programs.

SOURCE: Plant Bioksy Personnel and Training at Doctorate-Granting Institutions, lligher Education Panel Report No. 62, November 1984, American Council on Education, Tables 2a, b & c,
pp. 13-15.
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Table A-5. Number of full-time faculty in plant biology programs1, and the percentage female and
racial/ethnic minorities, by institutional characteristic, academic years 1982-83 and 1988-89:
United States

Institutional
characteristic

1989 survey 1983 survey

Total
full-
time

faculty2

Percentage of
full-time faculty

in 1988-89
who were:

Total
full-
time

faculty3

Percentage of
full-time faculty

in 1982-83
who were

1913849
1989-90

(estimate) Female
Racial/
ethnic

minorities
1982-83

1983-84
(estimate) Female

Racial/
ethnic

minorities

Total 4,517 4,611 10 4 4,607 4,660 7 4

Control

Public 4,237 4,344 10 4 4,344 4,440 6 4

Land-grant4 3,733 3,835 10 4 3,674 3,720 6 4

Private 280 267 15 4 263 260 16 8

Research size5

Top 20 717 717 13 4 784 800 7 2

Not in top 20 3,800 3,894 10 4 3,823 3,860 5 5

Plant biology faculty6

1-5 155 146 16 5

6-2.5 714 719 16 3

26 or more 3,648 3,746 9 4

Region6

Northeast 480 503 13 3

Central 1,250 1,274 11 2

Southeast 1,643 1,659 9 4

West 1,144 1,175 11 6

1Includes all full-time faculty in plant biology programs, not just those training students.

column includes only racial/ethnic minorities who arc native born US. citizen& No data were collected on the
number of non-U.S. citizens among the faculty.

31ncludes U.S. citizens and non-US, citizens with permanent visas.
4One land-grant institution is a private institution that has been granted the use of some public land.
5Based on federally financed R&D orpenditures in the life sciences for fiscal years 1982 and 1988.

6This information is not in the 1984 report.

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES
13), National Science Foundation (survey conducted in 1989), and Plant Biology Personnel and Training at
Doctorate-Granting Institutions, Higher Education Panel Report No. 62, November 1984, American Council

on Education, Tables 3 and 4, pl. 16-17.
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Table A-6. Number of full-time faculty in plant biology, and the percentage training graduate students, and
having bachelor's degrees from foreign institutions, by institutional characteristic, academic year
1988-89: United States

Institutional
characteristic

Total run-
time faculty

Percentage of full-time
faculty in 1988-89 who were

1988-89

Training
graduate
students

With bachelor's degrees
from foreign institutions

Total Teaching
undergraduates

Total 4,517 so 7 5

Control

Public 4,237 79 7 4

Land-grant1 3,733 79 7 4

Private 280 87 16 15

Research six' e2

Top 20 717

Not in top 20 3,800

Plant biology faculty

90

78

12 9
6 4

1 - 5 155 85 17 15

6 - 25 714 84 11 11

26 or more 3,648 79 6 3

Region

Northeast 480 as 10 9
Central 1,250 89 7 s
Southeast 1,643 71 4 2
West 1,144 78 10 6

10ne land-grant institution is a private institution that has been granted the use of some public land.
2Based on federally financed R&D expenditures in the life sciences for fiscal year 1988, published in Academic
Sclence/Engineering R&D Funds Fiscal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical
Tables (Washington, D.C., 1990). See Appendix B for a list of institutions.

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institution (HES 13),
National Scienre Foundation, 1990 (survey conducted in 1989).
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Table A-7. Number of postdoctoral fellows/associates in plant biology, and the percentage female,
racial/ethnic minorities, and foreign, by institutional characteristic, academic year 1988-89: United

States

Institutional
characteristic

Total postdoctoral
fellows/associates

Percentage of postdoctoral fellows/
associates in 1988-89 who were

1988-89
1989-90

(estimate)
Female

Minority
racial/et hnie

group

Foreign

Among
all post-

doctorates

Among
U.S.

cit LCflS

Males Females
From

developing
count ries

Total 1,120 1,129 29 11 17 30 9 16

Comroi

Public 964 974 29 11 17 29 8 17

Land-grant2 890 893 29 11 17 29 8 17

Private 156 155 32 11 20 35 11 13

ReSCarCn size3

Top 20 333 323 33 7 10 26 8 11

Not in top 20 787 806 28 12 21 32 9 18

Plant biology faculty

1 - 5 67 63 25 15 28 34 12 24

6 - 25 277 283 34 9 14 30 10 13

26 or more 776 783 28 11 17 30 8 17

Region

Northeast 108 106 36 7 13 31 14 11

Central 330 331 30 5 8 29 8 18

Southeast 279 290 23 17 :2 37 10 23

West 403 402 32 11 17 25 7 12

1Data on minorities were collected only for postdoctorates who were U.S. citizens.

2One land-grant institution is a private institution that has been granted the use of some public land.

3Based on federally financed R&D expenditures in the life sciences for fiscal year 1988, published in Academic

Science/Engineering R&D Funds Fiscal Year l988, National Science Foundation, NSF 89-326, Detailed Statistical
Tables (Washington, D.C., 1990). Sec Appendix E for a lig of institutions,

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13),
National Science Foundation, 1990 (survey conducted in 1989).

A-H5 1



Table A-8. Number of' postdoctoral fellows/associates in plant biology programs, and the percentage female
and racial/ethnic minorities, academic year 1982-83: United States

Institutional
characteristic

Total
postdoctoral

fellows/
associates

Percentage of
postdoctoral fellows/
associates in 1982-83

who were

198243 1983-84

(estimate)
Female

Racial/
ethnic

minorities

Foreign

Males Females
From

developing
countries

..11111

1,009 1,020 29 7 26 6 13

Control

Public 871 860 28 7 28 7 14

Land-grant 731 7?'1 28 6 27 7 12

Private 138 IL:, 38 7 17 4 8

Research size2

Top 20 398 400 29 4 22 5 8
Not in top 20 611 620 29 9 29 8 16

1Includes only racial/ethnic minorities who are also U.S. citizens and non-U.S. citizens with permanent visas.

2Based on federally fmanced R&D expenditures in the life sciences for fiscal year 1982.

SOURCE: Plant Biolog Personnel and Training at Doctorate-Granting Institutions, Higher Education Panel Report No.
62, November 1984, American Council on Education, Tables 3, 4, and 5 pp. 16-19.



Table A-9. Number of full-time graduate students in plant biology, and the percentage female, racial/ethnic
minorities, and foreigm, by institutional characteristic, academic year 1988-89: United States

Institutional
characteristic

Total full-time
graduate students

Percentage of full-time graduate
students in 1988-89 who were

198889 1989-90

(estimate)
Female

Minority
racial/ethnic

groupl
Foreign

Among all
graduate
students

Among
U.S.

citizens
Males Females

From
developing
countries

Total 7,317 7.484 33 9 13 25 9 26

Control

Public 6,878 7,042 33 8 13 26 9 26

Land-grant2 6,142 6,283 32 8 13 27 9 27

Private 439 442 43 14 18 13 9 15

Research size3

Top 20 1,326 1.368 37 8 10 17 7 18

Not in top 20 5.991 6,116 32 9 14 26 10 28

Plant biology faculty

1 - 5 228 221 40 13 18 16 13 25

6 - 25 1,208 1,224 41 11 14 14 6 15

26 or more 5,881 6,039 32 8 13 27 10 28

Region

Northeast 716 735 43 5 8 17 11 14

Central 2,120 2,175 32 r0 10 23 9 25

Southeast 2,455 2,530 31 9 15 28 10 29

West 2,826 2,044 34 11 17 25 8 27

'Data on minorities were collected only for graduate students who were U.S. cifizens.

2One land-grant institution is a private institution that has been granted the use of some public land.

3Based on federally financed R&D expenditures in the life sciences for fiscal year 1988, published in Academic
Sclence/Engineering R&D Funds Fiscal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical
Tables (Washington, D.C., 1990). See Appendix B for a list of institutions.

SOURCE: Higher Education Surveys, Plant Biolog Personnel and Training at Doctorate-Granting Institutions (HES 13),
National Science Foundation, 1990 (survey conducted in 1989).



Table A-10. Full-time graduate students in plant biology programs, and the percentage female and
racial/ethnic minorities, academic year 1982-83: United States

Institutional
characteristic

Total

graduate
students

Percentage of
full-time graduate

students in 1982-83
who were

1982-83 1983-84

(estimate)
Female

Racial/
ethnic

minorities1
among U.S.

cit izens)

Foreign

Males

1

From
Femalesi developing

countries

Total 8,023 8,040 31 7 16 4 16

Control

Public 7,648 7,670 31 6 16 4 16

Land-grant 6,442 6,5(t) 29 7 18 4 17

Private 375 370 33 16 13 5 13

Research size2

Top 20 1,768 1,750 32 5 11 3 8
Not in top 20 6,255 6,290 31 8 17 4 18

1 Includes only racial/ethnic minorities who are also U.S. citizens and non-U.S. citizens with permanent visas. Base is total
full-time graduate students in plant biology programs who are racial/ethnic minorities, not total full-time graduate
students in plant biology.

2Based on federally financed R&D expenditures in the life sciences for fiscal year 1982.

SOURCE: Plant Biology Personnel and Training at Doctorate-Granting Institutions, Higher Education Panel Report No.
62, November 1984, American Council on Education, Tables 3, 4 and 5, pp. 16-19.
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Table A-11. Number of Ph.D. recipients in plant hiolog, and the percentage female and racial/ethnic
minorities by institutional characteristic, academic year 1988-89: United States

Institutional
characteristic

Total Ph.D.
recipients

Percentage of Ph.D. recipients in 1988-89

1988-89
1989-90

(estimate)
Female Minority racial/ethnic group1

Total 724 859 27 10

Control

Public 653 780 26

Land-grant2 595 695 26 8

Private 71 79 32 28

Research size3

Top 20 142 172 34 15

Not in top 20 582 687 25 8

Plant biology faculty

1 - 5 33 43 33 15

6 - 25 109 144 32 21

26 of more 582 672 26 7

Region

Northeast 85 98 33 6

Central 229 263 28 9

Southeast 228 287 23 7

West 182 211 29 17

1This- column includes only minority members who were also U.S. citizens. No data were collected on the number of non-

U.S. citizens among Ph.D. recipients.

2One land-grant institution is a private institution that has been granted the use of some public land.

3Basee on federally financed R&D expenditures in the life sciences for fiscal year 1988, published in Academic

Science/Engineering R&D Funds Fiscal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical

Tables (Washington, D.C., 1990). See Appendix B for a list of institutions.

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13),

National Science Foundation, 1990 (survey conducted in 1989).
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Table A-12. Ph.D. recipients in plant biology programs, and the percentage female and racial/ethnic
minorities, academic year 1982-83: United States

Institutional
characteristic

Total Ph.D.
recipients

Percentage of Ph.D.
recipients in 1982-83

1982-83
1983-84

(estimate) Female
Racial/ethnic

minorities'

Total

Control

925 21

Public 868 970 20

Land-grant 740 810 19 6

Private 57 80 32 2

5

5

Research size2

Top 20 291 290 22 3

Not in top 20 634 760 21 6

'This column includes only minority members who were also U.S. citizen& No data were collected on the number of non.
US. citizens among Ph.D. recipients.

2Based on federally financed R&D expenditures in the life sciences for fiscal year 1982.

SOURCE: Plant Biology Personnel and Training at Doctorate-Granting Institutions, Higher Education Panel Report No.
62, November 1984, American Council on Education, Tables 3 and 4, pp. 16-17.
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Table A-13. Number of departmental representatives who ranked various disciplines as being among the top
three in training graduate students, postdoctoral research and training, and faculty research at
their institutions, by discipline, academic year 1988-89: United States

Discipline

Graduate student
training1

Postdoctoral research
and training2

Most
students

Second
most

students

Third
most

students

Most

Post-
doctorates

Second
most post-
doct orat es

Third
most post-
doctorat es

Most
faculty

Faculty
research3

Second
most

faculty

Third
most

faculty

Total 153 149 135 113 90 77 152 149 134

Agronomy/soil
science 16 6 9 7 4 3 12 5 6

Anatomy/
morphology 1 1 2 0 1 0 2 2 3

Biochemistry 8 14 7 16 11 4 11 13 5

Cell biology 5 12 5 6 5 6 11 7 9

Developmental
biology 4 7 6 2 6 1 5 6 7

Ecology 30 14 22 10 9 5 21 20 20

Evolution 1 2 3 0 2 1 2 4 1

Forestry/natural
resoUrCeS 4 3 1 0 3 2 4 5 3

Genetics 9 10 12 4 10 8 5 11 10

Horticulture/crop
science 8 9 7 1 3 2 8 5 3

Microbiology 3 4 3 3 3 2 2 6 2

Molecular biology 29 12 20 33 12 10 24 14 22

Plant pathology 2 11 4 6 4 5 6 8 7

Plant physiology 16 30 19 18 10 13 21 29 22

Systematics 10 14 9 2 5 11 13 12 9

Weed science 2 0 3 0 1 2 0 2 3

Other 5 0 3 5 1 2 5 0 2

1Ranking is based on the greatest number of graduate students in an institution's plant biology program.

2Ranking ;s based on the greatest number of postdoctorates in an institution's plant biology program.

3Ranking is based on the greatest number of faculty in an institution's plant biology program.

SOURCE: Higher Education Surveys, Plant Biology and Training at Doctorate-Granting Institutions (HES 13), National

Science Foundation, 1990 (survey conducted in 1989).
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Table A-14. Number of full-time vacancies in plant biology in fall 1988 for which institutions were actively recruiting,
the disciplines in which the need was greatest, and the source of that need, by institutional characteristic,
academic year 1988-89: United States

Institutional
characteristic

Number of full-
time vacancies

Disciplines with grAtelt
need to fill vacancies1

(percent of institutions)

Reason for greatest need
(percent of institutions with vacancies)

Total
Mean per

institution2
Molecular

biology
Plant

physiology Other3
Increased
graduate

enrollments

Faculty
retirements/
departures

Research
opportunities Other

Total 276 3.4 33 11 56 5 42 48 5

Control

Public 2,36 3.3 34 11 55 4 43 50 3

Land-grant4 209 3.4 35 11 53 2 46 49 3

Private 40 16 27 9 64 9 36 36 18

Research sw.' e5

Top 20 56 3.5 44 13 44 7 40 53 0

Not in top 20 220 3.3 30 11 59 5 42 47 6

Plant biology faculty

1 - 5 6 1.2 40 20 40 0 60 40 0

6 - 25 90 2.6 40 11 49 11 26 51 11

26 or more 180 4.3 26 10 64 0 54 46 0

Region

Northeast 38 3.8 20 10 70 10 50 40 0

Central 78 3.0 27 19 54 0 52 44 4

Southeast 102 4.4 39 4 57 4 35 57 4

West 58 23 39 9 52 9 35 48 9

1Each institution with at least one vacancy was asked to state the single discipline with the greatest need to fill vacancies
at the institution. Institutions with no vacancies arc not included.

2Based on institutions with vacancies.

3Disciplines other than molecular biology and plant physiology that were included among the responses were
agronomy/soil science, anatomy/morphology, biochemistry, cell biology, developmental biology, ecology, evolution,
genetics, horticultural/crop science, microbiology, plant pathology, systematics, and other responses.

4One land-grant institution is a private institution that has been granted the use of some public land.

Based on federally rmanced R&D expenditures in the life sciences for fiscal year 1988, published in Academie
Science/Engineering R&D Funds Fiscal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical
Tables (Washington, D.C., 1990). See Appendix B for a list of institutions.

NOTE; Percentages may not add to 100 due to rounding

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13),
National Science Foundation, 1990 (survey conducted in 1989).
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Table A-15. Number of times program representatives listed disciplines among the top two in which their institution was
experiencing a `surplus" or 'Ishartage" of positions, by employment category and discipline, academic year 191E-

89: United States

Discipline

Employment category

Postdoctoral
training
positions

Permanent
doctoral
research
associate
positions

Tenure-track
faculty

positions

Industrial
olsitions

Federal/state
government

positions

Nonprofit
research

institutions

Surplus Shortage Surplus Shortage Surplus Shortage Surplus Shortage Surplus Shortage Sutplus Shortage

All disciplines 0 4 0 6 0 5 0 4 0 3 0 3

Agronomy/soil
science 5 8 3 8 3 6 5 9 4 5 1 5

Anatomy/
morphology 4 20 3 15 3 20 3 15 4 10 4 9

Biochemistry 26 9 14 16 20 11 21 11 12 10 14 11

Cell biology 12 10 9 9 10 9 9 4 5 3 7 6

Developmental
biology 3 9 4 9 4 11 5 4 3 8 4 5

Ecology 9 28 10 24 9 27 6 15 8 19 7 14

Evolution 2 9 2 10 2 11 1 9 3 10 3 11

Forestry/natural
reSOureCS 0 2 1 1 0 0 3 3 8 5 1 0

Genetics 9 5 7 1 7 2 5 4 7 ; 5 1

Horticulture/crop
science 2 6 3 7 6 6 9 8 5 6 3 4

Microbiology 6 7 4 5 6 5 7 7 4 4 5 5

Molecular biology 52 25 45 19 47 26 43 25 30 20 35 20

Plant pathology 6 4 6 4 6 7 3 6 5 6 5 4

Plant physiology 15 10 9 13 9 19 7 14 8 14 5 11

Systemat ics 4 30 5 25 5 30 3 22 2 21 4 21

Weed science 1 1 0 1 1 5 4 2 1 2 0 1

Other 3 4 2 4 2 4 2 3 3 4 0 2

NOTE: Program representatives were asked to state the top two disciplines experiencing a surplus (or shortage) for each employment

category. Some, rather than stating the top two, replied that "all" disciplines were experiencing a surplus (or shortage). These

responses are listed separately in the first line of this table.

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13), National

Science Foundation, 1990 (survey conducted in 1989).



Table A-16, Total dollar amount of outside financial support for plant biology research reported by program
representatives, by source of funds and institutional characteristic, academic year 1988-89: United
States

Institutional
Total

(in

Source of funds (percent)

Hatch funds1
characteristic thousands) Other Other Other Foreign

federal Sate Industry private sources
Federal

government
State

government
government government suPPort

Total 8242,488.8 8 23 41 11 9

Control

Public 224,457.6 9 25 38 12 9 8 0
Land-grant2 212,389.3 9 24 39 12 9 7 0

Private 18,031.2 2 0 73 4 11 9 2

Research sue' 3

Top 20 76,256.8 7 47 30 3 6 7

Not in top 20 166,232.0 9 11 45 15 10 8 1

Plant biology faculty

1 - 5 8,091.7 4 0 64 5 15 8 3

6 - 25 33,433.1 7 5 70 4 6 s 1

26 or more 200,964.1 9 27 35 12 9 8 0

Region

Northeast 15,211.6 12 4 59 9 10 6 0
Central 49,985.6 11 14 41 9 15 10 1

Southeast 80,271.1 8 13 40 20 9 9 1

West 97,020.5 7 38 38 6 5 6 0

1The Hatch Act of 1887 established agricultural experiment stations to conduct agricultural research.

2One land-grant institution is a private institution that has been granted the use of some public land.

3Based on federally financed R&D expenditures in the life sciences for fiscal year 1988, published in Academic
Science/Engineering R&D Funds Fiscal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical
Tables (Washington, D.C., 1990). See Appendix B for a list of institutions.

NOTE: Five institutions were not able to provide data on funding for plant biology, and other institutions were unable to
identify all plant biology funding. Thus, these totals are underestimates of the total outside funding for plant
biology research. Also, for roughly 4 percent of the funds, institutions were only able to provide totals, not the
specific source of fundings, Percentages provided here are based on those institutions that could Identify the
source of funds. Percentages may not add to 100 due to rounding.

SOURCE: Higher Education Surveys, Plant Biokvy Personnel and Training at Doctorate Granting Institutions (HES 13),
National Science Foundation, 1990 (survey conducted in 1989).



Table A-17. The number of full-time graduate students in plant biology and their major source of financial support,

by institutional characteristic, academic year 198849: United States

Institutional
characteristic

Total
number

of
students

Graduate students' major sources of support (percent of students)2

Federai
fellowship

Federal
research

grant

State
govern-

ment

Foreign
govern-

ment

Institutional
support

Industry
Personal

funds
Other

TOM 7,317 4 21 15 10 28 5 11 6

Control

Public 6,878 3 21 15 10 27 6 11 6

Land-grant2 6,142 4 21 16 11 26 6 11 6

Private 439 12 19 2 5 49 3 7 4

Research size3

Top 20 1,326 7 24 10 7 29 5 12 6

Not in top 20 5,991 3 20 16 10 28 5 11 6

Plant biology faculty

1 - 5 228 le 14 7 3 45 4 11 6

6 - 25 1,208 6 17 5 3 54 3 10 2

26 or more 5,881 3 22 17 12 22 6 11 7

Region

Northeast 716 5 31 7 4 37 3 11 3

Central 2,120 3 23 13 11 26 9 10 6

Southeast 2,455 3 17 17 8 31 5 11 8

West 2,026 5 20 17 13 24 4 13 5

1Percentages are based on the 98 percent of students for whom the major source of fmancial support could be identified.

2One land-grant institution is a private institution that has been granted the use of some public land.

3Based on federally rmaneed R&D expenditures in the life sciences for fiscal year 1988, published in Academic

Science/Engineering R&D Funds Fiscal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical Tables

(Washington, D.C., 1990). See Appendix B for a list of institutions.

NOTE: Percentages may not add to 100 due to rounding.

SOURCE: Higher Education Surveys, Plant Biology Personnel and Training at Doctorate-Granting Institutions (HES 13),

National Science/Foundation, 1990 (survey conducted in 1989).
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Table A-18. Full-time graduate students in plant biology programs by major source of support, academic year
1982-83: United States

Institutional
characteristic

Total
number-

of
students

Source of funds (percent)

Hatch funds
11, MIIII11

FFederal ederal

fellowship research
grant

State
govern-

ment

Foreign
govern-

ment

a

Institutional
support Industry

Personal
funds Ot her

Total 8,023 3 20 12 11 30 7 15 4

Control

Public 7,648 3 20 12 11 29 7 15 4
Land-grant 6,442 3 20 13 12 26 8 15 4Private 375 13 20 1 3 52 2 8 2

Research size*

Top 20 1,768 6 27 7 7 29 9 11
Not in top 20 6255 3 18 13 12 30 6 16 3

*Based on federally financed R&D expenditures in thc life sciences for fiscul year 1982.

NOTE: Percents may not total to 100 due to rounding.

SOURCE: Plant Biology Personnel and Training at Doctorate-Granting institutions, Higher Education Panel Report No. 62,
November 1984, American Council on Education. Table 10.pp, 26-27.
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Table A-19. The number of pcstdoctoral fellows/associates in plant biology, and their major source of financial

support, by institutional characteristic, academic year 198849: United States

Institutional
characteristic

Total
number

of
students

Postdoctorates' major sources of support (percent of postdoctorates)1

Federal
fellowship

Federal
research

grant

State
govern-

ment

Foreign
govern-

ment

-4

Institutional
support

Industry
Personal

funds Other

Total 1,120 7 52 12 6 6 7 3 6

Control

Public.. 964 6 55 11 6 6 7 3 5

Land-grant
2 891 5 55 12 6 6 7 4 5

Private 156 17 36 14 10 6 8 0 9

.Research sue3

Top 2D 333 9 46 15 9 6 5 4 6

NOE in top 20 787 6 55 10 6 6 8 3 6

Plant biology faculty

1 - 5 67 21 33 10 4 3 13 0 15

6 - 25 277 13 54 9 12 6 4 0 2

26 or more 776 4 53 13 5 7 8 4 6

Region

Northeast 108 17 44 8 6 5 8 7 5

Central 330 6 55 6 6 9 10 2 6

Southeast 279 4 53 13 5 6 9 1 10

West 403 7 52 17 8 5 4 4 4

1Percentages are based on the 95 percent of postdoctoratcs for whom the major source of financial support could be identified.

2One land-grant institution is a private institution that has been granted the use of some public land.

3Based on federally fmanced R&D expenditures in the life sciences for fiscal year 1988, published in Academic

Science/Engineering R&D Funds Fiscal Year 1 , National Science Foundation, NSF 89-326, Detailed Statistical Tables

(Washington, D.C., 1990). See Appendix B for a list of institutions.

NOTE: Percentages may not add to 100 due to rounding.

SOURCE: Higher Education Surveys, Plant Biolog Personnel and Training at Doctorate-Granting Institutions (HES 13),

National Science Foundation, 1990 (survey conducted in 1989).
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Table A-20. Postdoctoral fellows in plant biology programs by major source of support, academic year 1982-83:
United States

Institutional
Total

Source of funds (percent)

Hatch funes
number.--

ofcharacteristic State Foreign Institutional Personal
students Federal

fellowship

Federal
research

grant

govent-
ment

govern-
mem

support Industry funds Other

Total 1,009 6 54 7 11 8 8 1 6

Control

Public. 871 4 56 8 11 7 9 1 5
land-grant 731 3 54 9 11 7 9 1 6Private 138 22 39 1 10 11 7 2 9

Research size*

Top 20 398 11 51 5 9 6 9 1 9Not in top 20 611 3 56 8 12 8 8 1 4

*Based on federally rmanced R&D expenditures in the life sciences for rascal year 1982.

NOTE: Percents may not total to 100 due to rounding.

SOURCE: Plant Biology Personnel and Training at Doctorate-Granting Insthutions, Higher Education Panel Report No. 62,
November 1984, American Council on Education. Table 10, pp. 26-27.



Table A-21. The percentage of program representatives reporting that various factors limit progress in plant biology at their

institutions, and the mean rank of each factor, by institutional characteristic, academic year 1968-89: United States

Institutional
characteristic

Factors limitingprogresst

Intellectual
isolation

Insufficient
fmancial

support for
research

Poor vality
of graduate
and under-
graduate
students

Lack of
nationally

competitive
faculty

Inadequate
equipment/

inst rumentat ion

Insufficient
financial

support for
graduate
students

Percent Mean
rank

Percent Mean
rank

Percent Mean
rank

Percent Mean
rank

Percent Mean
rank

Percent Mean
rank

AP.

Lack of
university

and
department
commitment

Percent Mean
rank

Total 45 4.4 86 1.9 53 3.8 41 43 65 3.4 83 23

Control

Public. 49 4.4 90 1.9

Land-gant2 48 4.4 91 1.9

Private 37 4.3 76 2.0

Research size
3

59 3.8

64 3.8

37 3.7

47 4.3

51 4.5

24 4.4

73 3.4
74 3.4

41 3.5

88 2.6

89 2.6

68 23

57 33

58 3.8

53 4.0

56 2.7

Top 20 35 4.7 80 1.8 45 3.6 30 3.8 50 3.4 85 2.1 50 4.1

Not in top 20 47 4.4 87 1.9 54 3.8 43 4.4 67 3.4 83 2.6 58 3.5

Plant biology faculty

1 - 5 49 3.8 77 1.9 45 4.4 38 4.4 55 33 70 2.9 72 3.0

6 - 25 40 4.1 87 2.0 52 3.5 33 3.7 57 3.8 82 2.4 53 3.0

26 or more 49 5.3 96 1.9 64 3.7 53 4.8 85 3.2 98 2.4 47 5.0

Region

Nort heast 32 4.5 82 1.9 50 3.8 26 4.7 53 3.6 79 2.6 59 2.8

Central 56 4.8 86 1.9 58 3.8 53 42 72 3.4 79 3.0 70 19

Southeast 47 3.7 89 1.9 53 3.9 44 4.6 67 33 82 2.5 56 3.5

West 44 4.9 88 1.9 50 3.6 34 4.0 66 3.0 94 2.1 41 3.9

!Mean ranks are based on a system where "1" indicates the arca that limits progress the most, "2" the area that limits progress the second most,

etc.

2One land-grant institution is a private institution that has been granted the use of some public land.

3Basod on federally fmanced R&D apenditures in the life sciences for fiscal year 1988, published in Academie Science/Engineering R&D

Funds - Fiscal Year 1988, National Science Foundation, NSF 89-326, Detailed Statistical Tables (Washington, D.C., 1990). See Appendbt B

for a list of institutions.

SOURCE Higher Education Surveys, Plant Biolog Personnel and Training at Doctorate-Granting Institutions (HES 13), National Science

Foundation, 1990 (survey conducted in 1989). .
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Higher
Education
Surveys (HES)

Survey
Methodology

The Higher Education Surveys (HES) system was established t-
conduct brief surveys of higher education institutions on topics of
interest to Federal politymakers and the education community. The

system is sponsored by the National Science Foundation, the U.S.
Department of Education, and the National Endowment for the

Humanities.

HES questionnaires typically request a limited amount of readily
accessible data from a subsample of institutions in the HES panel, a

stratified, nationally representative sample of 1,093 colleges and
universities in the United States. Each institution in the panel has

identified a HES campus representative, who serves as survey
coordinator. The campus representative facilitates data collection
by identifying the appropriate respondent for each survey and
distributing the questionnaire to that person.

This mail survey was conducted at the request of the Directorate for

Biological, Behavioral, and Social Sciences of the National Science
Foundation to provide reliable national estimates on plant biology

training and personnel at higher education institutions.

The sample for this survey consisted of all doctorate-granting
institutions plus those institutions that could be identified as
granting doctoral degrees in plant biology. Doctorate-granting
institutions were defined using the U.S. Department of Education's
Higher Education General Information Surveys (HEGIS)
classifications: namely, schools characterized by a significant level
and breadth of activity in and commitment to doctoral-level
education as measured by the number of doctorate recipients and
the diversity in doctoral-level program offerings. Some institutions
meeting this definition did not offer doctorates specifically in plant
biology (though they did offer graduate instruction in plant biology),
but were included as doctorate-granting institutions. To identify

other institutions not meeting the HEGIS definition but that did
offer doctorates in plant biology, the list was augmented based on
the National Science Foundation's Fall 1987 Survey of Graduate
Science and Engineering Students and Postdoctorates. Following
these criteria, a total of 198 eligible institutions were identified.

These institutions should comprise the entire universe of United
States institutions offering doctorates in plant biology, as well as

some doctorate-granting institutions offering graduate instruction
(but not doctorates) in plant biology.

The questionnaire was mailed on April 28, 1989 to doctorate-
granting institutions and on May 2, 1989 to institutions granting
doctorates in plant biology. Plant biology personnel and programs
may be dispersed across many separate departments, and there
often is no single location capable of providing comprehensive
information for the entire institution. Therefore, each institution
was asked to designate a coordinator knowledgeable in plant biology

who would coordinate the collection of data from all departments
with plant biology faculty. In a few cases, no institutional
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coordinator could be named, and separate questionnaires were
completed by every department identified as having plant biology
programs. Those separate questionnaires were aggregated by
Westat to provide institution-wide totals. Some questions could not
be aggregated because they asked for perceptions rather than
numeric data (e.g., department representatives' perceptions of the
employment market in plant biology); in this case, the perceptions
of the representative of the department with the greatest number of
plant biology faculty was used if no institutional coordinator were
available to provide an institution-wide judgment.

Telephone followup for nonresponse was begun on May 22.
Completed questionnaires were examined for internal
inconsistencies and missing data. Telephone followup was
performed to verify the information in question. By July 21,
responses had been received by 96 percent of the institutions.
However, because some key institutions known to have large
programs in plant biology had not yet responded, data collection was
extended to allow as accurate of a picture of plant biology as
possible. Additional follow-up activities were done and data
collection ended on December 12, 1989.

The overall response rate was 99 percent, based on 197 responses
from 198 eligible institutions. From the questionnaires, 43
institutions were identified as not offering graduate education in
plant biology, and were excluded from the analysis. The one
institution that did not complete the questionnaire was identified as
having a small plant biology program. Because of the small size of
the nonresponding institution's plant biology program, its exclusion
has little effect on the national totals presented in this report.
Therefore, no weighting was performed to correct for questionnaire
nonresrunse,

The item response rate was 97 percent or higher for all but two
questions on the questionnaire (Appendix Table B-1). The
exceptions were the amount of outside support for plant biology
research (97 percent were able to provide the total amount, but only
95 percent indicated the support levels for each component), and
the description of the current market for employment in plant
biology (with item response rates of 78 percent or higher). Specific
notes on the importance of item nonresponse for these last two
questions are included within the text. For all other items, item
nonresponse was minimal, and statistics presented in this report
may be interpreted as representing all doctoral training in plant
biology.

Survey estimates are also subject to errors of reporting and errors
made in the collection of the data. These errors, called nonsampling
errors, can sometimes bias the data. While general sampling theory



Table B-1. Response rate for each item on the plant biology questionnaire: United States

Question
number

1

2

3

4

5

6

Description
Response
rate

Administrative unit that is primary focus for plant biology training 100

Names of departments*
100

Total number of faculty per department* 100

Faculty training graduate students, per departmept* 100

Faculty with s degrees from foreign institutions 98

Faculty with bachelor's degrees from foreign institutions teaching
undergraduates...

99

Number of graduate students, Ph.D. recipients, postdoctorates, and faculty
All but 1989-90 estimate for graduate students 100

1989-90 estimate for graduate students. 99

Number of foreign graduate students and postdoctorates 100

Institution's three major disciplines in plant biology
Graduate student tra:ning

100

Postdoctoral research and training 100

Faculty research
99

7 Faculty vacancies
lIumber of vacancies 100

Discipline with greatest need 100

Reason for greatest need 99

8 Current market for emplpyment
Postdoctoral training positions 86

Permanent doctoral research associate positions 86
Tenure-track faculty positions

86

Industrial positions. 80
Federallstate government positions 80

Nonprofit research institutes 78

9 Factors limiting progress in plant biology 100

10 Major source of support
Graduate students

99

Postdoctorates 97

11 Amount of outside support for plant biolog research
Total

97
Individual components of outside support 95

12 Permission to release information 99

°Bawd on 394 total departments
SOURCE nigher Education Sunmys, Plant Riolov Personnel and Training at Doctorate-Granting Institutions (HES 13), National

Science Foundation, 1990 (survey conducted in 1989)
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Institutional
Relationships

can be used to determine how to estimate the sampling variability of
a statistic, nonsumpling errors are not easy to measure and usually
require that an experiment be conducted as part of the data
collection prooedures or the use of data external to the study.

Nonsampling errors may include such things as differences in the
respondents' interpretation of the meaning of the questions,
differences related to the particular time the survey was conducted,
or errors in data preparation. During the design of the survey and
survey pretest, an effort was made to check for consistency of
interpretation of questions and to eliminate ambiguous items. The
questionnaire was pretested with respondents like those who
completed the survey, and the questionnr =-7 and instructions were
extensively reviewed by NSF. Manun! sr, machine editing of the
questionnaires was conducted to r:ir...ck t'.14 da:a for accuracy and
consistency. Cases with missing cr inconsisten items were
recontacted by telephone; and these orrectt ' data were keyed with
100 percent verification.

Opinion data may be biased if the respondents wish to promote a
particular viewpoint concerning plant biology, or if they are simply
mistaken in a systematic manner in their impressions. Also, to limit
respondent burden, some questions asked for general impressions
instead of requesting specific numerical estimates. However, in
many cases the survey responses will represent the only existing data
regarding certain issues and, hence, are valuable even given these
limitations.

The data in this report are presented as "total" figures, which
represent all kinds of institutions grouped together, and for
institutions broken down by institutional control and size. These
classifications are:

Institutional control

- Public

- Land-grant institutions (includes one private institution
that was granted use of some public land)

- Private

Research size

- Top 20 in federally financed R&D expenditures in the life
sciences in fiscal year 1988

Not in top 20
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Number of full-time plart biology faculty

- 1 to 5 faculty

- 6 to 25 faculty

- 26 or more faculty

These school characteristics are related to each other:

Among the 20 largest institutions in the life sciences, 11 are

public.

Among the institutions with 26 c. more plant biology
faculty, 98 percent are public.

Among the 20 largest institutions in the life sciences, 12

have from 6 to 25 faculty in plant biology.

Among the institutions with 26 or more plant biology

faculty, 11 percent are among the 20 largest institutions in
the life sciences.

Among institutions with 5 or fewer plant biology faculty,

51 percent are public.

Among the 20 largest institutions in the life sciences, 12 are

land-grant institutions.

Among institutions with 26 or more plant biology faculty,

91 percent are land-grant institutions.

The measure of the 20 largest institutions was chosen specifically to

determine the relationship between the size of plant biology

programs and federal fmancing of the life sciences. It should not be
considered as a general measure of size. Beyond the $43 billion

dollars in federally fmanced R&D expenditures in the life sciences

in 1988, there was an additional $2.9 in nonfederal R&D
expenditures.. Further, expenditures for the life sciences included

the medical sciences (47 percent of all R&D expenditures in 1988),

the biological sciences (33 percent), the agricultural sciences

(28 percent), and other life sciences (4 percent), and thus
encompassed far more than plant biology. Of the 20 largest

*R&D expenditures in the life Ideates may be found in Academie Srienee/Rnesteering R&D

Funds Fiscal Tsar MS, National Science Foundation, NSF 89-326, Detailed Statistical

Tables (Washington, D.C., 1991)).



institutions in federally financed R&D expenditures in the life
sciences, only 14 had graduate programs in plant biology; thus, to
select 20 institutions for comparison purposes in this report, it was
necessary to select from the top 29 institutions in the life sciences
(Appendix Table B-2).

Table B-2. Fifty institutions with the largest federally financed research and development
expenditures in the life sciences: United States, 1988 fiscal year

Rank Institution Rank Institution

1

2

3

University of Orlifornia-San Francisco

Johns Hopkins University

Yale University

26

27

n

University of California-Davis

University of Iowa

UT SW Medical Center-Dallas
4 Stanford University 29 University of Colorado
5 University of Washington 30 SUNY at Buffalo
6 University of California-Los Angeles 31 Boston Univemity
7 University of Michigan 32 University of California-Berkeley
8 University of Minnesota 33 Emory University
9 I larvani University Case Western Reserve University

10 University of Wisconsin-Madison 33 University of Utah
11 University of Pennsylvania 36 Vanderbilt University
12 Columbia University Main Division 37 Tufts University
13 Washington University 38 University of Miami
14 Univemity of California-San Diego 39 University of Arizona
15 Cornell University 40 Ohio State University
16 Duke University 41 Rockefeller University
17 University of North Carolina-ampel IIIIJ 42 University of Florida
18 Baylor College of Medicine 43 University of MD Baltimore Professional &hoot
19 University of Alabama-Birmingham 44 CUNY Mt. Sinai School of Medicine
20 University of Rochester 45 Northwestern University
21 * Yeshiva University 46 University of Georgia
22 University of Pittsburgh 47 Pennsylvania State University
23 New Yort Llniversity University of Connecticut
24 -University of Southern California 49 Virginia Commonwealth University
25 University of Chicago 50 Massachusetts Institute of Technokre

"Does not have doctoral program in plant biolog.

SOURCE: Academic Scienee/Enginserinv R&D Funds Fiseal Year 19/111, National Science Foundation, NSF 89-326
(Washington, D.C., 1990)
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OMB * 31454009
Exp. 1/31/90

SURVEY 4113
PLANT BIOLOGY TRAINING AND
PERSONNEL

April 1989

Dear Colleague:

I am writing on behalf of the National Science Foundation to request your participation in our
Higher Education Surw..y (HES) on Plant Biology Training and Personml.

In October 1983 a survey on plant biology was sent to 210 doctorate-granting institutions, and the
resulting report, Plant Biology Personnel and Training at Doctorate-gtanting Instinaions, was
instrumental in providing data and helping to support new funding programs in plant science at
NSF, the US. Department of Energy, and the U.S. -0 ent of Agriculture. Now we need to
update this information to continue our planning for f - support efforts.

Because of the survey's nature, it is essential that someone familiar with plant biology coordinate
the data collection at your school. The staff of the American Society of Plant Physiologists (ASPP)
suggested that you are well qualified for this task. Please be aware, thouph, that you will probably
need to work with plant biologists in other departments to produce the mstitution-wide data that
are required.

Your institution has also been surveyed recently on systematic biolow, and we apologize for timing
two such surveys so closely. However, we hope you understand the importance of this information
for establishing federal funding, as well as for use by universities, industry, and professional
societies. The survey has been strongly endorsed by Mel Josephs, Executive Director of the ASPP,
and his letter is included with this package.

The survey is being conducted for us by HES. If you have any questions about the survey, please
call Bradford Chaney of Westat (800-9374281).

Thank you for your assistance. We believe the goal will be worth our combined efforts.

Sincerely,

M .

Maly E. Clutter, Assistant Director
Biological, Behavioral, and Social Sciences
National Science Foundation

Sponsored by the National Science Foundation, the National Endowment for the Humanities, and the Department of Educatice
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1. Please indicate the major administrative unit at your institution that is the primary focus for
training graduate students in plant biology. (Check only one.)

Division/College of Arts and Sciences
School/College/Division of Agriculture/Forestry/Natural Resources
Other (
Not currently

specify)
training graduate sr., dents in plant biology (fill out institutional

information on last page and return questionnaire)

Please complete the remainder of this questionnaire with reference to Mad graduate plantbiology
personnel and training at your Institution.

2. Please list the department(s) involved in training Faduate students in plant biology in 1988-
89 at your institution. For each department, indicate (1) the total number ofpiant biology
faculty, (2) the number of those facultyengaged graduate students in 1988-89; and
(3) the number of your institution's plant biology - who obtained their bachelor's
degree in foreir countries. Count faculty members only once, Le., with their major
department affiliation. Consider faculty as fultime if they are employed full-time at your
institution (i.e., not only if they are full-time in plant biology).

Department

Number of full-time
plant biology faculty

With
Faculty bachelor's
training degrees from
graduate foreir

Total students institutions

3. Of all of your institution's plant biology faculty with bachelor's degrees from foreign
institutions, how many are teaching undergraduates?
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4. Please indicate the number of full-time graduate students, Ph.D. recipients, postdoctoral
fellows/associates, and faculty in your plant 6.6 6 (s). For 198849, please
provide the total number, the number of males emales, and the number who are
members of minority racial/ethnic groups (see definition in box below); for 1989-90, show

only estimated totals. Note that the 1988-89 totals for graduate students and postdoctorates

should agree with corresponding totals in question 10. In the last row, include all full-time

faculty, not just those training students. When counting those in minority racial/ethnic
groups, include only native-born U.S. citizens.

a. Full-time graduute students

b. Ph.D. recipients (degrees awarded)

c. Postdoctoral fellows/associates

d. Full-time faculty

1988-89

Minority
racial/ 1989-90
ethnic Total

Total Males Females groups (estimate)

all 1110

°These figures should agree with the cent:speeding mats in question 10.

=111
111.11M

MINORrrY RAV1AL/EnINIC GROUPS
American Indian/Alaskan Native, Asian or Pacific Islander, Black, or Hispanic

5. How many foreign full-time paduate students and postdoctoral fellows/associates were in

your 1988-89 plant biology program(s)? Please show men and women squrately. Also
show the total number of these individuals (men plus women) who were from Developing

Countries (see dermition in box below). Count as foreign students and postdoctorates those

non-U.S. citizens on temporary visas.

a. Foreign graduate students

b. Foreign postdoctorates

Number of Number of Number from
men women developing countries

DEVELOPING COUNTRIES BY REGION

Countries in Latin America and the Cull:bean
Countries in the Par East, =luck g Japan

Countries in South Asia, including India,Afghanistan, Bangladesh, Pakistan, and Sri Lanka

Countries in Africa, exclucrmg South Africa
Countries in the Near and Middle East, including Turkey, Iran, Saudi Arabia,

Lebanon, Jordan, Egypt, and Syria, but exclurrmg Israel
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DISCIPLINE CODES

A. Agronomy/soil science G. Evolution M. Plant pathology
B. Matomy/morphology H. Forestiy/natural resources N. Plant physiologyC Biochemistiy 1. Genetics O. SystematicsD. Cell biology J. Horticulture/crop science P. Weed scienceE. Developmental biology X Microbiolog Q. Other (specify)F. Ecology Molecular biolog

6. Indicate in rank order the three major disciplines in your plant biology program(s) that have
the greatest number of (a) graduate students, (b) postdoctorates, and (c) faculty. Select a
code from the list above and place it in the column that represents its appropriate rank.

lype of
training/research Highest 2nd Highest 3rd Highest

a. Graduate student training

b. Postdoctoral research and training

c. Faculty research

7. Faculty vacancies in plant biology.

a. For how many full-time faculty vacancies (budgeted positions) was your institution
actively recruiting in fall of 1988 in all of your plant biology programs? Include only
those positions specifically dedicated to plant biology (e.g., if you were filling a
position in molecular biolog, count that position only if you specifically sought a
molecular biologist who was also a plant biologist).

Full-time vacancies

b. For your institution, in which discipline is the need to fill vacancies greatest? Use a
discipline code from the box above.

Discipline with greatest need

To what do you attribute this need? Check the single most important.

O (1) Increased graduate enrollments

O (2) Faculty retirements/departures

El (3) Research opportunities

O (4) Other (specify)
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8. How would you characterize the "current market" for employment in plant biology? (Please

answer for your entire institution, not just for one department.)

For each of the employment categories below, enter the code for the two disciplines most
experiencing a surOus of positions, and the two most experiencing a shortage. If there are
no disciplines experiencing a surplus (or shortage) for an employment mtegory, please write
'None.' Use discipline codes from question 6. A surplus of positions means there are more
positions available than trained people to flil them. A shortage of positions means that
there are not enough positions for all the qualified people who are applying for them.

Discipline(s) Discipline(s)
with surplus with shortage

Employment categoly of positions of positions

a. Postdoctoral training positions

b. Permanent doctoral research
associate positions

c. Tenure-track faculty positions

d. Industrial positions

e. Federal/state government
positions

f. Nonprofit research institutes

9. Please check those factors that limit progress in plant biology in your institution, and rank
them in order of importance. Write "1" for the area that limits progress the most, "2" for the
area that limits progress the second most, etc. Please rank all items checked.

0 Check here if there are no major problems limiting progress, and skip to question 10.

a. Intellectual isolation

b. Insufficient fmancial support for research

c. Poor quality of graduate and undergraduate students

d. Lack of nationally competitive faculty

e. Inadequate equipment/instrumentation

f. Insufficient fmancial support for graduate students

g. Lack of university and department commitment to
plant biology

h. Other (specify)
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10. List the number of full-time gaduate sudents and postdoctoral fellows/associates in your
plant biololy program(s) by their major source of support. Count each individual only once.
The totals should agree with the corresponding tomb in question 4.

Graduate Post-
Source students doctorates

a. Federal fellowship

b. Federal research grant
C. State government

d. Foreign government

e. Institutional support

1. Industry

g. Other non-industry, non-personal support
(foundations, associations, etc.)

h. Personal funds

L TOTAL*
Me total shoulti apte with cortospontling totals in question 3.

11. Indicate the amount of su . . for plant biolog 'march that your institution received from
the outside in FY 1988-89 . each of the sources listed below. If exact figures are not yet
available, please give estimates. Please include only funds given to faculty members to
support research, not funds used for faculty salaries. If a multi-year award was received in
FY 1988-89, state only that portion that supported research conducted during the year.

Source Amount

a. Hatch funds

Federal government

State government

b. Other Federal government

c. Other State guvernment

d. Indusuy

e. Other private support (foundations,
associations, etc.)

f. Foreign sources
(Please state countries)

& TOTAL
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12. May we have permission to release these data to the National Science Foundation with the

institution identifier intact? All information published by NSF will be in aggregate form

only.

Yes
No

Please sign

Thank you far your assistance.
Please return this form by
May 19 to:

Higher Education Surveys
WESTAT
1650 Research Boulevard
Rockville, MD 20850

Please keep a copy of this survey for your
records. Person completing this form:

Name

Title

Telephone ( )

If you have any questions or problems concerning this survey, please call Bradford Chaney at

(800) 937-8281 (toll-free).


