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ABSTRACT.--This paper examines the potential for
using microcomputers and proprietary software to
manage information in tree improvement programs.
Important criteria for selecting software are
described, and Penn State's system is presented
as an example of how performance data and other
information can be logically organized to facili-
tate storage and retrieval.

Record-keeping is one of the most difficult and
frequently neglected of tasks in tree improvement.
Even with good intentions and organized habits, it is
surprising how rapidly information builds to the point
that data may become annoyingly hard to locate. This
is especially true if the data are on paper, because
the arrangement of file drawers cannot accommodate the
complex relationships that develop between projects,
experiments, breeding activities, and data. Of
course, simply having the information "on the com-
puter" doesn't guarantee its ready access either; a
program is needed to handle the housekeeping chores of
data management.

The availability of data management software for
microcomputers has opened new opportunities in infor-
mation storage and retrieval. Although this software
has been developed primarily for the business market,
most of it has been designed and written by profession-
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als using sound principles of information management.
These principles have broad applicability, and some of
the programs available now are perfectly suitable for
the sizes and kinds of data sets common to tree im-
provement programs.

Although more powerful software packages are
available for mainframe computers, microcomputer-based
systems offer advantages in cost, accessibility, ease
of use, and portability. Processing speed seems to be
the only real limitation of the best micros compared
to mainframes. However, with good software, micros
can handle most information retrieval tasks within a
few seconds or minutes, which is fast enough for the
occasional use that is normal in a tree improvement
program.

The record-keeping system we are developing at
Penn State is designed around the program K-MAN
("Knowledge Manager", by Micro Data Base Systems,
Lafayette, Indiana) running on an IBM-PC/XT. The pro-
gram can be purchased from mail-order supply houses
for about $300, and it runs on a machine that retails
at about $3500 for the minimum necessary configuration
(two disk drives and 192 K of memory). In choosing
among the available programs, we considered the fol-
lowing criteria to be important and most likely to
cause limitations in applicability to tree improvement
records:

1. Maximum number of records per file (e.g.,
accessions per species or trees per planta-
tion).

2. Maximum number of fields per record (e.g.,
information categories per accession or mea-
sured traits per tree or other experimental
unit).

3. Maximum number of characters per field and
per record (especially critical for text as
opposed to numeric data).

4. Maximum number of files accessible simulta-
neously (e.g., ability to extract information
from accession files and one or more planta-
tion files at the same time).

5. Ease of adding, renaming, deleting, and
changing fields and records.
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6. Ability to export and import data in differ-
ent coding formats for use in other programs
and computers (e.g., for statistical analy-
sis).

7. Miscellaneous editing, indexing, sorting,
retrieval, and programming capabilities.

8. Protection against unauthorized changes to
the data (password capability).

The K-MAN program is more than adequate in all these
respects. Other programs for the IBM-PC that appear
comparable in price and capabilities are "Savvy PC",
"DataFlex", and "dBase III."

The advantage of information storage on the com-
puter lies in the ability to retrieve data rapidly in
whatever combination or format is suited to the task
at hand. In order to fully exploit this capability of
data management programs, one must carefully consider
the relationships among data elements and data sets.
Data irregularities that are normally handled with ex-
planatory notes in paper filing systems must be elimi-
nated or minimized. Thoughtful consideration should
be given to how the data will ultimately be used. The
discipline required to manage data with a computer
program tends to result in cleaner, clearer data sets.

We identified four basic kinds of information
that must be dealt with in our tree improvement pro-
grams, and they are probably common to most others:

1) accession information
2) breeding records
3) plantation maps
4) performance data

The logical relationships of information within and
among these categories, and how that information will
be used, determines how files, records, and fields
must be defined.

Different solutions are possible, but we have
organized our system around two principal file catego-
ries: accessions (a separate file for each species)
and plantations (a separate file for each plantation).
The primary, or unique, field for accession files is
the accession number, and for plantation files it is
the tree number (ordered serially in whatever pattern
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is used in measuring the plantation). One of the
fields for every record in a plantation file is the
accession number associated with the tree. Since
K-MAN allows access to many files simultaneously, it
is possible to retrieve performance data by accession
number from several plantation files and, at the same
time, appropriate accession information from the ac-
cession file (e.g., provenance latitude and longitude
of origin, progeny pedigree, alias accession numbers,
etc.).

The minimum necessary accession information is of
course the accession number, a label used simply for
maintaining the identity of a genetic entity. In the
process of organizing our records, we have rediscov-
ered the need for absolute consistency and clarity of
purpose in assigning accession numbers. The rule is
this: Each genetic entity used for experimental or
breeding purposes must have a unFie  accession number.
It may also 'nave aii–a-Tias, but at least one number
should be unique to that entity. With three or more
people creating accessions at Penn State, we avoid
duplication by incorporating the researcher's initials
as part of the number (see Table 1).

We have found, not surprisingly, that even minor
departures from this rule can lead to later confusion.
A tree in an experimental plantation may be considered
a statistical sample of the population or family of
which it is a member, and share that population's or
family's accession number. But if that tree is se-
lected for clonal testing, or used in breeding, it
must be assigned a new number. Pollen or seed must be
considered genetically distinct from the tree that
bore it, and, for some purposes, distinct from collec-
tions made in other years. Roguing a population or
family produces a genetically different group of indi-
viduals which, if used in further testing or breeding,
must have a unique number.

In addition to labelling a genetic entity, acces-
sion records should also describe it well enough to
enable its reconstruction or at least permit its ge-
netic history to be traced. Our greatest difficulty
in adapting accession records to the system was devis-
ing a record format that worked for a variety of ac-
cession types (open-pollinated provenance collections,
clonal material, pollen, control-pollinated seed,
etc.) with maximum opportunity for information recov-
ery and minimum wasted disk space. The solution to
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this could be different for each tree improvement
program, but Table 1 shows a record format that is
usable for a variety of accession types. This format
is wasteful of space if such flexibility is not
needed, but still it permits over 2000 accession rec-
ords to be held on a single floppy disk.

Breeding records can be incorporated into acces-
sion files if each tree or pollen mix used in breeding
is given an accession number. The origin of control-
pollinated progenies can then be completely described
with "Male Parent" and "Female Parent" fields in the
accession file (Table 1), which may be left blank for
other kinds of accessions. Query procedures in K-MAN
and similar programs can be used to trace the pedi-
grees of accessions over several generations, if
available, or to obtain the accession numbers of all
progenies that share a common parent.

Thus, our accession files contain the first two
kinds of info/mation, accession information and breed-
ing records. Our plantation files contain the other
two: plantation maps and performance data. Mapping
is accomplished by including fields for accession
number, row, column, and replicate designations in the
record for each tree (Table 2). Although we use sepa-
rate, typed maps in practice, maps could be recon-
structed from this information if necessary. If a
single tree is later given its own accession number
for breeding purposes, entering plantation number/row/
column (or plantation number/tree number) as part of
the source information in the accession record will
enable us to quickly recover other information about
that tree from the plantation file.

Fields for tree identification and location
compose the basic information in the plantation file.
Additional fields for performance data can be added as
characteristics are measured (Table 2). (This is
where limitations on number of allowable fields and
ability to add fields after initial record definition
may be critical with some data management programs.)
Thus, the plantation file becomes a single, structured
repository for all the information about the planta-
tion, with the exception of narrative descriptions of
its location or establishment history. One can also
include in the plantation file such information as
cultural treatments (e.g., pruning or shearing) or
soil characteristics if it is deemed necessary to keep
such information on individual trees.
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The ultimate advantage of using K-MAN and similar
programs lies not in the capability of retrieving in-
formation quickly but in combining and summarizing
data in different ways for different purposes. K-MAN
commands enable this to be done with little effort and
usually in a straightforward manner; and the data can
then be printed in report format, exported to another
program or computer for analysis, or analyzed (rather
slowly) using K-MAN's own, elementary programming
language. For illustration, Table 3 shows some of the
K-MAN commands and their possible syntaxes.

Data management programs do not entirely elimi-
nate the need for written records. However, they can
do a superb job of handling the bulk of the informa-
tion generated in tree improvement programs, and in
fact the existence and location of additional infor-
mation can itself be coded as a field variable. Until
recently, the capabilities that data management pro-
grams offer were available only to those with the time
and programming expertise to develop their own sys-
tems. Adapting this program to our needs has been
relatively simple, and we anticipate many benefits.
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