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TRAINING COURSES

IN GENETIC RESOURCES

Draft of base paper for 1974 Rome panel meeting - J.G. Hawkes

Training courses may be envisaged at five different levels, depending oni-

a) amount of previous training

b) level of training desiresd in the course

c) ends in view, €.d- practical, theoretital’ cr both.

The suggested levels and types of courses are as followsi=

1. Short Practical Courses (4 = 6 weeks)

These would lay great stress on standard practical techniques. No

theoretical background would be NUCESSArY
e.g. documentationj

a) Adms (1) Training in gene-bank management,

geed storage, germination tests and rejuvenation; data management at a !
technical level. ‘lj-'.
&

41) Training in field collecting technigques, €.ds practical sampling :

, seed, etc. collecting; documentation of provenance ba

methods; ‘harbarium

¢

data; photography, map reading and travel planning; contacts with farmers o

etc. :
£l ‘_ 4
general education who are 3

T e
i

b) Participants (i) Technicians with a good

needed as trained assistants for the scientlstse

11) Trained scientists who need supplementary practical gene bank and

el T

field experience.
i ¢) Training Centres Seed banks and genetic re

| the crops for which training is to be pm\:'eded

i

e

sources centres, related to

Pk

r

and where trained personnel N

is available for giving practical instructions.

P
o '-,_P-'.'.".’._
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2, Medium-Length Coucses (+ 2 months)
a) Alms These would contain the practical training elements of course

No 1, but would include some theoretical studies, e.g. taxonomy of crops
collected; use of identification keys and descriptions; genetical baais

of variation; plant breeding in relation to genetic rescurces;

b) Participants The courase would provide training for higher level
technicians, those already holding diplomas in agriculture or allied subjects,
+o enable them to engage in collecting activities and gene bank management
where fully-trained, scientific perponnelare not avallable. It would

be hoped that those showing promise on completing this type of course would
move on to course No.3 later on,

c) Training Centres As for course No. 1, r.mking sure that trained

teaching personnel in the practical and theoretical aspects of the course

is available.

3, Masters (M.Sc.) Courses (1 - 2 years)

These would comprise lecture courses, practical laboratory work and a
research project, followed by a dissertation.

a) Aims To provide a complete training in the theory and practice of the
exploration, conservation, evaluation ‘and utilization of plant genetic
resources (see prospectus of Birmingham M.Sc. course, now in its 5th
successive year). The course could last for oneyyearjrasiin Birmingham,
or could extend for two years if desired. Some research experience

1s conzidered highly desirable.

b) Participants This type of course is available for those already
holding a first degree (or equivalent) 1:1 genetics, botany, agriculture etc.
c) Training Centres These courses must be carried out in Universitles,
possibly linked to a short period of pre or post-course training at a

gene bank.
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4, Phs D. Training Course (3 - 4 years)

These would be of the usual type, based on a taxcromic, genetical or
physiological research problem related to some aspect of genetic

resources work. They would either follow on from and be integrated with
M. Sc. studies, as in No. 3 above, or would contain course work on genetic
resources themes (U.S. system).

a) Adms To provide a higher level research-based training for studénts who
would expect to be involved in due course in top-level posts at genetic
resources centres.

b) Participants Students of excellent calibre who had taken a first
degree (B.S¢., etc.) or a Master!s degree under No 3 above.

c) Training Centres These courses must be carried out in Universities,

as for No. 3 above.

5. High Level Refresher Courses (1 - 3 weeks)
These could be arranged from time to time either at Universities or at
Crop Research Institutes where germplasm and related plant breeding

studies are in progress. The recent Workshop held at the N.I. Vavilov

b Institute of Plant Industry is an excellent example of this kind of
course organized jointly by the Institute and F.A.O.

a) Aims To act as a stimulus and a discussion forum te those already

trained in genetic resources management and research.

b) Participants Those already holding M.S5c or FPh.D. degrees in this or
g - related fields.

c) Training Centres It is envisaged that such courses would be held

mainly in old-established centres where & reasonably large group of

trained personnel would be available, Distinguished scientists from
other countries might also be invited to participate (as with the
Leningrad Workshop)
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4.3 EXPLORATION: AFRICA

Afrieca is a vast continent, rich in genetic resources of several
major crops and a number of minor ones. To assemble a reesonably adequate
sampling of landrace and wild populations is a formidable task and will
require well-financed and systematic explorations over a pericd of several
years. A two-year plan cen only be e beginning. I do not consider it
feesible to attempt to saturate the continent with a crash programme
because a) there is not that much expertise available and b) such genetic
resources centres ms there may be are not yet prepared for massive new
aguisitions. Many of the nations do not have adequate perscnnel and resources
to conduct exploration and collection locally, end expeditions from outside

will be required. Some countries may not be politicelly prepared to

cocperate in such enterprises at bhe present time. No matter how well orgenized

end systematic the explorations msy be, they will not be fruitful unless
genetic resources centers are available to receive and maintain the materiels
collected.

The current situstion with respect to genetic resources of several
crops was presented for Africa in "Survey of Crop Genetic Resources in their
Centres of Diversity: First Report "FAO/IEP B. H. Frenkel (Ed.), February,
1973. Since these reports were prepared We have received information that
the Internationel Institute for Tropical Agriculture, Tbadan, Nigeria, has
become active in plant explorstion with personnel, vehicles, and resources

allocated for the purpose. We also heve encouraging news of finsncial
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support for the establishment of a genetic resources centre in Ethiopia,
and the Tnternational Crops Research Institute for the Semi Arid Tropics
is moving rapidly toward an operational status. Any plan of operation fer

Africa must take these developments into consideration. ]

NORTH AFRICA: This region comes largely under the purview of the Mediterranean
interests (see section L.1). The most urgent concern at the moment is the
re-placement of landrace populations of wheat, barley and other crops by
verious forms of modern semi-dwari wheals. It may elready be too late,

but it is thought that some of the older materiels may still be found in

the Atlas Mountains of Morocco and Algeria and/or in the more isolated oases
of the Sghara., Other Mediterranean crops, such as chickpea, lentil, flex,
vye, oats, and forage plants should be collected at the same time, but

salvage of the remaining wheats is a mest urgent operation.

WEST AFRICA: In view of the current activity by IITA in sssembling materials
from Nigeria and nearby countries, the logical regions to collect in the
immediate future should centre on Mali, Guines, and Liberia. These countries
have extensive uncollected rasources of sorghum, peerl millet, rice; cCoWpea,
yems, oil palm, Vosndzeia, and coffee. Collection activity should be
extended to Senegal, Sierra Leone, Ivory Coast and Ghana as soon as it
tecomes feasible to do so,

Locel resources are minimel in the main target aresd. The French
agricultural research organization, TRAT, has an office in Mali and has

supported work on sorghum and rice in the past, but at present could
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contribute 1ittle more than contact with sppropriate Malian personnel. To
obtain & ressoneble sempling of sorghum, pearl millet, rice, shd cowpeas

would require at least two teams operating a minimum of two seascns in Mali

alone, Technical assistance can probably be obtained through cocperation i{
with IRAT stations in Senegal and Upper Volta, where experts for each of E
these crops are in residence. Preliminary conversetions with the Ministry gﬁ
of fAgriculture suggest the government of Mali would cooperate fully, but 7

Sy

that a formel agreement might be required.

T

| As far as I am aware, there is little agricultural research being

conducted in Guinea. A specisl agreement between the govermment of Guines

e

and FAO might be required before an expedition could be ccnducted.

i
i The governments of Liberia, Sierra Leone, Ivory Coast, and Ghana i:
! have shown every indication that they would cooperate fully with any F:
: 1 legitimate efforts at assembly of genetic resources. Chana has,ihcfact, a é
plant introduction officer, Mr. M. A. Adsnsi, who has experience in ;i

collecting and would need only some additional rescurces and encouragement i

to sample the materiels of Ghana. Trensportation is usually the principal P

%

| requirement. Senegal has both expertise and resources for collecting, but

ngt for the maintenance of large collections.

PROPOSAL: Two landrovers or eguivalent .
| Two specialists for collecting

Two local personnel to assist and facilitate.

G-

The two teams could stert in the north near the Sghara and work southward

T

P

R
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across Mali end through Guinea to the ccast il possible, FRepeat the second

year by different routes. With hard work, diligence and good luck & great

deal could be sccomplished in two years.

EAST AFRICA: Assuming that work shall get underwasy in Ethicpia shortly, the

next mest critical areas would be Tenzania, Zambia and Malawi scuth of the
equator and scuthern Sudan and Scmalia north of the equatcr. Because of the
reversal in geasons across the equator it would be feasible for collecting
teems to work both of these areas in the same year, passing through Kenya
and Ugands en route. All of these countries have some agricultural research
stations and there are a few FAO, US/AID and oﬁher experts that could be of

assistance.

PROPOSAL: Two landrovers or eguivalent
Two specialists
Locel assistence to meke two teams

Two years each north end south of eguator

The major resources of concern are sorghum, pesrl millet, cowpea, Voandzeia,

forage grasses, finger millet, and wild rice. There are a number of minor

erops to be collected as well.

TRANSPORTATION COSTS:
L vehicles € 5,000 20,000
operation first year 2,000 each 8,000

eperation second year 3,000 each 12,000
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SEED CONSERVATION

by Dr. Lennart K&hre, Swedish Seed Teating and Certification
Institute; 8=171 73 Solna, Sweden.

The science of seed longevity

A seed embryo can be defined as & plant in a resting stage.
This kind of latent life has since long stimulated and
fascinated nature scientists all over the world,

At the snd of the last nentury the botanists found that the
seeds are respirating .during storage. They started to study
"the life span of seeds'. Becgquerel (1907) published one of
the first reports in this Tonmection, dealing with 500
gpecies of 30 families ccnserved in Paris. The seed age
varied between 25-135 years. He found the leguminous seed
species to be long-lived e.g. Trifolium arvense L. had living
seeds after 68 years (2 of 10 invaatigatedi. Another classic
was Ewart (1908% who atudied the viability of 600 seed
species maintained in Melbourne. In addition to his own
material he reviewed deta obtained by other secientists; so
totally he discussed about 1 400 species. He classified the
seed species as to their longevity in the following three
categories:

a, microbiotic Eseod longevity less than 3 yeare]
b. meso-" " 3 3-15 years)

e, macro- " {n f 15- more than 100 years)

Most of the species were classed as microbiotic, but
Becquerel “s observation as to some seed species of Leguminosae

TPeing macrobiotic was confirmed. In addition Ewart menticned
some species of Malvaceae and Myrtai to be Iong-lived.

The storage conditions should be "optimal" for Ewart‘s
classification to be valid, but 40 years later Urocker
(1948) still questioned if we know for a aingle'ﬁﬂﬁafﬁa
what are optimal storage conditions. He raised that question
after many years® progressive seed research in the United
States of America., And in our time in the introduction to
the book "Viebility of Seeds" Prof. E H Roberts (1972)
states: ",.. there are still contradic¥ions, errors and
differences of opinion, and the subject is still incomplete
and fragmentary. But progress has been made: more fragmentis
exiet and some of them begin to tell a story". We are now
able to prolong the life of seeds more than earlier was
considered possible.

Factors influencing the storability of seeds

Some important factors regulate the seed longevity.

1. Anatomicel structure

2. Maturaty stage

3. Mechanical damages ep VRSP

4, Moisture (rrlJT4vv humiul?g} - temperatare and packages
5. Micreflora, insects and mites

The seed structure is the reason behind the longevity of

some leguminous seeds mentioned above and reported in many
other investigations. The "hard" seeds are well-known in
Hiendrysti ou redf orl Botagnitea o) iyce fgsnta i o1
maturated seed has a better physiologiTel back-ground for
storage over a longer period than unripe seeds. That was
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Brassica over four years storege. At the end 92 per cent of
the full-ripe seeds were alive, but only 43 per cent of the
unripe seceds. In red clover the corresponding figures were
%8 end 6 per cent respectively. §
sy
Mechanical damages can destroy even the best seed (e.g. Eaho

1959, Moore 1972). ¢ :

P i ek
The moisture-temperature relationships are of outmost ) . = .
importance for the seed conservation. Also the type of seed =
is again of influence. Starchy seeds contain more moisture
than e.g. oily seeda~Harrington (e.g. 1973) has formulated = .|
two "rules-of-thumb" to explein the effect of moisture and J,QL

temperaturs on seed longevity: ¥ S -{ Gz g

1. Por each decrease of 1 per cent in seed moisture content

the life of the seed is doubled (between 4 and 14 per cent
moisture).

2. For each decrease of 5°C in seed temperature the life °£g.j
the seed is doubled (at least between 0° and 50°¢). g:‘;u.
It is obvious that the drier the seed the longer it will
remain viable under warmer conditions.

Based on numerous sxperiments the Dutch grain specialist
Kreyger (1972) made a classification of different seed
Species with respect to their loss of germination during
storage and considering different moisture-temperature sets.
His five cajpegories are:

1. Very strong seeds
Rape, linseed, rough stalked meadow grass, barley
2. Rather strong seeds

Oats, beetseed, perennial ryegress, field peas, green
peas, creeping bentgrass

3. Less strong seeds

Brown beans, dwarf French beans, runner beans, wheat

4., Rather weak seeds

Red fescue, malze
5. Very weak seeds

Rye, onion

He has made diagrams on the relationships between the
estimated maximal duration of safe storage and temperature
for various moisture contents (expressed ag relative humi-
dities of the equilibrium atmosphere). Fig. B-12 are taken
from his recent publication: "Drying and Storing Grains,
Seeds and Pulses in Temperate Climates". It should be noted
from these diagrams that the absolute moisture content of
the air varies with the temperature (lower temperature means
less and higher temperature more absolute mniature}-
Harrington (1973) means that the equilibrium moisture content
may vary = 2 per cent due fo variations not only in storage

|
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humidities of the equilibrium atmosphere into seed moisture
contents Kreyger has presented some tables (3-5). These data
indicate fﬁag Tt is possible to keep seed viability for 20
years or more at a temperature of O to +5°C and a relative
humidity of 40-60 per cent in case of very strong seeds i.e.
6-7 per cent moisture content in rape, 9-11 per cent in
meadowgrass and 10-13 per cent in barley. In rather strong
geed the relative humidity must be 40-50 per cent i.e, 9-11
per cent moisture content in cats and ryegrass, 8-9 per cent
in beet and bentgrass and 10~11l per cent in peas, The less
strong seeds cannot be kept above 40 per cent humidity and
not above + 0°C to be alive after 20 years, That means 9 per
cent moisture content in beans and about 10 per cent in
wheat. The rather weak (e.g. red fescue and maize) and the
very weak seeds (e.g. rye and onion) cannot survive for such
a long period, except at a sub-zerc temperature and at 30-40
per cent reloative humidity.

Dr. L N Bass (1973), who is head of the National Seed Storage
LaboTatory in Fort Collins, Colorado, USA, has recently made

a survey on seed storage in "Seed Science and Technology",

the new publication from the International Seed Testing
Association (ISTA). That covers 104 literature references.

In connection with the more "difficult" seed species he
summarizes that high viability of low-moisture content
vegetable, flower and tree seeds was maintained during 20 :“»Q
years of sealed storage at - 4°C. Onion seeds showed no loss
of viability in up to 18 years.

There are many choices in seed packages. Grabe & Isely (1969)
have coneluded results of an intensive long-term years)
gseed packaging experiment, which originally was designed and
initiated by Bass at Iowa State University, They found that
cans were the only contaiper that were completely moisture
proof. The other packaging materials ranked in the following
descending order: Polyester-polyethylene, cellophane, kraft
paper and cloth.

Harrington (1973) and others have found it absolutely
§§§§§?§§T=ta package only dry seed in moisture-preof canms.
He recommends 6-12 per cent moisture content for starchy
geeds and 4-9 per cent for olly seeds in this connection.
The recommended type of packages include e.g. tin cens, glass
jars with gasketed screw top lids and steel drums with
clamp-down gasketed lids., Harrington & Douglas (1970) have
described the procedures t0 be applicad in more detail in
chapter 22 in their text-book "Beed storage and packaging -
applications for India". They point out the possibility to
obtain and meintain a low seed moisture content by using
s8ilica gel and sealed containers instead of dehumidifying ¢
the whole storage. This procedure has also been used 2.8.
in Sweden where red clover seed samples are conserved since
1955 at about + 5°C and by means of a dessicant a moisture
content of about 7 per cent was reached very guickly. The

erminability has been kept quite well in the past 20 years
Eﬂingefors 1974 ).

5 Sl ggku rulg the, influence py micrqorganisms and insects is
Digitized by the dbuntanstitute-for ni Gabd locutrentatdonties
are such that the seed can be kept cool and dry (e.g.

Christensen 1973, Howe 1973).
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e From a practicol point of view it is very important to clean

& and dry the seed well before it is stored. When drying the

, Jf O secd the seed temperature agein is critical. The wet seed

mye f, i8 demaged by high temperatures. There is clear evidence for

et o that in e.g. Swedish experiments (Lindber& & Sorensson 1959
and Appelavist 1965). When the seed molsture content is up
aggi§§%=§§fiﬁ=per cent the seed temperature should not exceed
35°C.

Practical applications

The function of 2 gene-bank is two-fold., One has the long-
term aspect (keep and not touchl). The other has the short-
term intention (living exchange). So, in addition to the
biological classification of species based on their seed
storsbility there are more reasons to arrange more storage
rooms in a gene-bank., In the book "Viability of Seeds" the
seed storage laboratories in Fort Collins, USA (James 1972)
ard Hirctsuks, Jepan (Ito 1972) =ro described more in detail.

Lo

It is important to establish storage facilities for a
temper?ture renge (something between + 5°C (stendard) and
= 20°C).

Fort Collins maintains about + 4°C with an average relative
humidity of 32 per cent as standard. This temperature was
selected as being suitable for most seeds. Three rooms are
equipped for a temperature of - 129C.

In Hiratsuka the storage for seed multiplication is kept
under — 109C and that for seed distribution st - 1°C. The
seed moisture seems to be held at 4-6 per cent.

Vilkenrode, Federal Republic of Germany has - 10°C and 6
per cent seed moisture, Bari, Italy - 1°C and 30 per cent
relative humidity in the storage atmosphere and Izmir,
Turkey % 0°C and 6 per cent seed moisture.

Summary

In long-term storage of seed the most important factors are
low temperature and low moisture content. Potts (l9?l) has
characterized the life stairs of a seed. The aim of secd
conservation is to keep the capabilities of the mature seed
at a meximum for the longest possible time,
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rion germination, see Tables 9.3.L and §)
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TABLLE 3. Moisture relations of 5 grains (lit. 13, 8, 5)

elative humnidity
of the equilibrium
atmosphere

92.5
90
87.5
85
82.5
80
77.5
75
72.5
70
61.5
65
62.5
60
55
50
45
40
35
30

Equilibrium moisture content w (wet basis) %

wheat

25,5
23,0
21.0
19.6
18.4
B sLc)
17.1
16.6
16.1
15.6
1551
14.7
14.2
1307
12.8
12.0
1055
10.7
LR
9.1

barley oats rye maize
27.5 25.2 28.5 22,5
22.7% 22.0 24,4 20.7
20.7 20.0 22,1 19.2
19.4 18.6 20.3 18.0
18. 3 17.5 19.0 ) b e
i 16,7 1759 16.5
1 6 16,0 17.0 16.0
16.1 15,4 16.2 15.4
15. 6 14.8 15.4 15.0
15.0 14,3 14,9 4.6
14.5 13.8 14,4 14. 1
14,1 18.3 14,0 13.8
13.6 13.0 13.6 13,4
13k 12.5 13.3 13.1
12.3 i W 12.4 12.4
11,4 11.0 LS 11.9
1G. 6 10.2 16.9 i1.2
9.8 9.5 10,1 10,7
9.0 8.7 9.3 10.0
8.3 8.0 8.6 9.3
25 - 35°C 12~ 25%C
77 - 95°¢ 53 —71°F

TEMPERATHRE
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TABLE 4 . Moisture relations of 10 sorts of sceds (Lir. 8)

% Equilibrium moisture content (w) (wet basis) T
Relative | T ¥ T z | |. 15
ne e l C 3| e e laa INERSISE
of the { ! '4'3 e O | = o8 @ B
equilibrium | 1 < 2 & T g8 |En | 8 'E,"g
atmosphere | £ § i -‘3 | 2 : ﬁ: g% :q: “"é:
T RE R BERE SRR
! = ! 3 Sl o @ ae | mE | = O &
T ) | ]
92° ; 21.0 { 20.9| 23.0 | 27.0 19.1] 27.5 | 27.2 | 25.0 | 25.3 | 25.3
90 | 17.4 ! 18,11 19.8  22.2 17.0| 23.4 | 24,0 21.3 1 23.1 | v9.2
87° 1 15.3 l u,.o\ ls.n‘g 19.8 15.0; 21.1 | 21.6 | 19.5 | 21.3 | 17.5
85 E 13.8 |l 14.55 16.5 ' 18.4 | 13.7 | 19.2 | 19.9 | 18.1 119.0 16.2
825 1 12.7 | 13.47 15.4 | 17.7 12.6 ] 17.6 | 18.5 | 17.0 | 18.4 | 15.2
80 "11.8 ! 12.4 | 14.5 l 16.1 11.71' 16.2 1 17.3 | 16.1 ' 17.3 | 14.4
775 4 11.0 ] 17 L1307 o KEAC] L0 1550 ! 16.2 | 15.3 1 16.2 | 13.7
75 P10.2 1 11,1 ] 13.0 14.2 | 10.3| 14.0 | 15.3 | 14.6 [15.3 1 13,0
72> 9.3 E [o.5HN1 26 a6 || 9ig v 132 ; 14.7 | 14.0 :14.5 r2.5
70 8.8 1 10.0' 12.0 ; 13.0 | 9.5 12.6 . 14.0 | 13.5 :{13.8 | 12.1
67° 8.4 9.5 (- T1L5 | 12.1 ' 9.1 | 12.0 | 13.4 [ 13.1 132 | 11,7
65 8.0 917 111 :}Il.éi 8.7 | 11,5 12.8 | 12.8 12,6 | 11.3
62’ L 7.6 ] 87007 bz sy na iz [1z.e (120 | 1009
60 bl Bl 10‘3£ 10.3 | 8.0 103'1!.9J‘12.0f11.6 10.5
55 7.0 ral s {94 7.4 1002 11,2 | 112 10,9 | 9.8
50 . 6.61 7.3 9.0 5 8.6 i 6.9 9.6 | 10.6 | 10.5 | 10.3 | 9.2
45 LBz b.?‘! sa| 7.8, 631 89| 9.9 9.7 9.6| 8.5
40 P57 | 6.3 7.8 1 711 5.9 82| 9u [ 9.0 8.8| 7.9
35 R s | sa| 7.5 ‘ 8.4 } 8.3 | 8.0| 7.3
30 { 3.9 | S.I{E a'? - 491 6.9 1.6 I} 7.5 | 7.0 | 6.7
25 g 43! 62 [ o= ! WE | 6.8 6.8 e s
20 ! e T _J_Sqt : : : :
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TABLE 5: Moisture relations of 5 sorts ot leguminous seeds (lit. 8)

Equilibriurs moisture coutent (w) (wet basis)

HKelative
humidity % =
& a ‘-‘-i % '
of the 5 8 o = "
sy . -4 e L o frf
equilibrium 0 i % g B
atmosphere ; E:‘:: ; b .§
2 Z 5 3 ot =
@ s (E o i (]
5 = i
92 32.0 31.5
90 27.8 2a.7 29.1 27.2
87 25.2 25,5 27.0 26.2 24.8
85 23.1 23.2 25.0 24.4 23.0
825 21.8 216 22.7 22.6 21,2
80 20.5 20.2 20.8 21.0 19.3
775 19.1 18,8 19.2 19.4 17.8
75 18.0 17.6 17.8 18.0 16.8
72° ! 16.8 16.5 16.8 16.7 16.0
70 { 15.6 15.7 15.9 5.7 15.3
]
677 i 15.0 15.0 15.1 14.9 14.7
65 [ 14.3 14.5 14.3 14.2 14.1
'
625 i | 13,9 13.5 13.6 13.6
60 13,2 13.4 12,9 13.1 154
55 12.1 12.3 12.0 | | 12.2
50 1.1 11.20 | 1.2 ! 11.2 113
i
45 10.1 | ToL2 ' 12} 10.4 10.5
i |
a0 9.1 | 9.1 l 8.8 | 9.5 9.7
{ |
a5 8.1 E 8.0 = | i 8.9
30 1 2 | - 8.1
: !
25 6.1 | = i - -
L _ f
ZhI-350G <= 7 959m
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Relationship between moisture content and critieal

.’ﬁ temperature in Hressica oilspecies. The dark and
Moisture shadow areas indicate reduced germinstion (Appelqvist
o 1965)
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e RESPIRATION
VIABILITY
MOISTURE
LOSS
STRUCTURAL
DEVELOPMENT
INCREASE OF O
DRY WEIGHT | INJURY
INCREASING : TIME
SIZE
FERTILIZATION T DEATH (GRAIN)

12 to 40 DAYS CoEreEEEEESSsememomerr FEW DAYS TO MANY YEARS e

PLATE 5 THE RISE AND FALL OF A SEED'S CAPABILITIES
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Recommended Oonditions for Seed Storags

at Genetie Resources Centres

(Working peper for the FAO Fanel on Flant
Exploration and Introduction, 197k4).

E.H. Roberts

Department of Agriculture and Horticulture,
University of Reading, Earley Gate, Reading
RG6 2AT. U.K.

1., Maintenance of genetic integrity. A large amount of genetic

mutation is associated with loss of seed viability in storage.
It has been estimated that a fall in viability to 50% produces an
amount of mutation equivalent to tresting fresh seeds with 10,000 r
of X-rays; and about half as much mutation is produced even if
viebility only falls to 80% (Roberts, 1973). It is suggested,
therefore, that long-term seed storage systems should aim at
maintaining visbility at high levels, say 90% or above.

2. MAdvantages of infrequent multiplication. When seed stocks

begin to lose viebility, the seeds need to be grown in order
to replenish the stocks. Fartieularly for those samples which
contain mixtures of genotypes it is usually argucd that it is
necessary for this multiplication to take place in ecological
situations identical er very similar to the areas where the samples
were originally collected, i prder that the original genetic
compliment of the sample is ubjeeterl to different selection
pressures and therefore eltered. The procedure is costly and
involves a pgreat deal of time and organisation by skilled staff,
The seed stocks themselves are subject to the dangers of eomplete
loss, mechanical mixing and possibly cross-pollination and genetice
selection, It follows that the freguency of multiplication should
be reduced to the minimum. Thus any extra costs cf providing a
really good storage system should be set against the costs, dangers
end inconvenience of multiplieation.

3. The size of seed samples to be stored. Most seeds show
Toughly the same weight/vcliume reletionship (Fig. 2t s

Fig. 1. Seed weight/volume relationships

. Species 16,%3 K /1000 ce vol.(ce) occupied
by 1 k&.

Lucerne L48.0 0.768 1,300

Wheat 48.0 0.768 1,300

Maize 44.8 0.718 1,390

Walnuts 40.0 0.641 | 1,560

Rice 26.0 0.577 1,733

The mmber of seeds per unit volune varies greatly between epecies
end no doubt the volune of the sample to be stored should be
determined by seed number rather than seed weight. Hevertheless,
it would seem reascnable as & basis for the present discussion

e E assuge t each_sample for ng-ferm *tora:- would be of

Digitize :biybﬁqﬁ Gantslmstataste ﬁ)bc% gumemtation

infrequent multiplication is propose and that tl"e average size
of sample would be sbout 1 Kz, Thus, from Teble 1, it would
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f51low thet an ample average size sample would be sbout 2,000 ce.

4. Storage conditions for very long-term storage. In the case
©of cpecies wnose seeds show orthodox behaviour (i.e., most
species except many of the aguatic plants and large-seed tree
species), the availsble evidence indicates that seeds can be
stored for very long pericds if they ere stored at a sufficiently
low temperature and moisture content. Moisture contents can be
saPely dropped to 2% in most specles end certainly to at least 5%
(i.e., in equilibrium with about 10-15% air relative humidity in
starchy seeds or about 25% in oily seeds). Thus there would
certainly be no danger in storing orthodox seeds at moisture
contents at 5% or in equilibrium with air at 25% R.H. (This is
in agreement with the views of Harrington, 1972). So far as
temperature is concerned, there does not seem to be any dangerous
lower limit, even at values approsching absolute zero; and all the
available evidence suggests that there would be a continual increase
in visbility period with decrease in temperature to very low values
(Roberts, 1972). From these considerations it is concluded that
orthodex seeds for genetic conservation should be stored at about
5% moisture content (or in equilibriua with air at about 25% R.H.)
and at the lowest temperature which is economically feesible.

5. Economic factors determining the temperature of storage.

If it is recognised that, from the biological point of view,
the lower the storage temperature the better, then the major
factor determining the temperature to be used in practice is the
capitel cost of the store and associated refrigeration equipment
necessary to maintain a given temperature. There 1s little
difference in the cost of storage plant designed to maintain any
temperature within the range -10°C. to -20°C,; but there would be
an inoressed cost of ebout 15% if the plant were designed to
raintain & temperature of -23C.. for example. There would be
Jittle aifference in the running costs of operating plant at say
-10°¢. or -20°C., providing the store was not being entered very
frequently. Consequently it is suggested that the main storage
facility at Genetic Resources Centres should be run at -20°C, and
that orthodox seeds should be stored at about 5°C. in moisture-proof
containers at this temperature.

6. The cost of long-term storage facilities. The cost of storage
Tecilities desigied to operate at -20¥C. 1s not very great but

varies with the ctorage capacity requized. The relationship

between volume erﬁ cost is given approximately by the eguation

cost = K x vol 2/3 (for cost in £ sterling and volume in cubic

metres the value of K in U.K. is currently about 250 for "of f-

the-peg" units). Thus there is a worthwhile economy of scale,.

In order to estimate roughly the cost of storing various
mumbers of samples, current prices of various sizes of "off-the
pe” low-tempersture storage units have been teken. Fifteen
percent bas been added to the basic price in order to allow for
provision of stand-by refrigeration equipment which, it is felt,
should be standard for long-term seed siorage facilities. If
the units on which the estimates are based are surrounded by &a
brick structure it is estimated that their life should be
greater than 100 years. The refrigeration equipment would need
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o number of samples which can be held in a store of given volume.
(e) The samples of sceds will be stored in cylindrical containers
of 2000 cc average volume, end each cylinder will occupy &
square-sectional prismatic space of 2,600 ce. (b) The
containers will be placed on moveable shelving of the type found
in library stacks so that in a rectangular store, the only
working spece that is necessary would be two passages 90 cm

wide running at right-angles. Table 2 has been compiled
incorporating these assumptions.

T

e Toh s O

o

Table 2 (attached)

T« A comparison of current seed storsge practice with that
proposed nerc.

It is impossible to make comperisons between different practices

of long-term seed conservation which are based on experience.
There may be considerable errors in extrapolating what happens at
very low temperatures and molsture contents from what happens at
higher values and there may be a tendency to over-estimate the q
period of viability (Roberts, 1972, 1973), but it is the only method |
which is available. [Ilevertheless such estimates will give some
indication of the order of magnitude of the multiplication intervals :
to be expected and the relative comparison betwzen different storage 3
gystems is probaebly reascnebly valid.

oy, A

¥4 Table 3 shows the conditions employed in three seed-storage ]

banks and compares them with the conditions proposed here in terms
of the expected periocds for viability of three common erop species :
to drop to 95%. .

s L =%
¥ =1 £ 5

\ Table 3, Expected multiplication intervals under various i
systems of storage.

Organisation Temperature Moisture Estimate multiplication
content interval, years (time",

taken for viability to i

drop to QEE! *

8 i Triticum FHordeum Vicia
‘1 aestivim distkhm faba

: Tational Seed Storage Log, #* 32% R.H, 8 95 7
¢ Iaboratory, Fort Collins, (i.e., about

; T, 8. A 9% moisture

content for

non-oily

seeds; about

4-6% for oily

seeds)

Flant Genetics Resources 0%¢. 6% moisture 27 540 90
Centre, Izmir, Turkey cont. for . Il
| cereals;
b T-8% for A
: ‘0ily seeds i
National Seed Storage -10°c, 4-6% 93 2,700 270
Laboratory, Hiratsuka, ik molsture
Japan, content

}?onditions proposed -20°¢C, 5% moisture 328 27,000 1,300 f
e T . content i

Digitized byshatluntdnst #ada foy Rotanis ahblos b eBiatipha).
c

|‘~_ ** Three rooms are also available at -12°C.
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Even allowing for lerge errors, from Tablé 3 it will be seen
that for & number of common species, at least, problems connected
with multiplication of seed stocks are likely to be minimal at a
storage temperature of -20°C.

8. RBecaleitrant species. No generalisation can be made yet about

storage conditions appropriate for those seeds where the moisture
content cannot be dropped below some relatively high critical value.
It is suggested, thercfore, that conditions for the storage o such
resalcitrant seeds should not be specified at presert and that
immediate practical efforts should be concentrated on the conservation
of orthodox species by seed storage.

9. (Conclusions. Flant Genetic Resources Centres should include
major facilities for the ctorage of orthodox species at 5% moisture
content and -20°C. Such facilities should be designed to store
samples which have a mean size of ebout liig. A routine

programme of tests will be necessary to ensure that the samples are
maintaining viability satisfactorily. For most specles such tests
Frobably need not be more frequent than, sey every 20 years or soj
though initially %ests every five years may be necessary to inspire
confidence, In order to maintain genetic integrity, the aim
ghould be to keep viability above S0%.

At present it is not possible to recommend eny generally suitable
conditions for the storage of recalcitrant seeds which cannct be dried.

i

4
i
45
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Recommended Conditions for Seed Storage
at Genetic Resources Centres.

H 3 Table 2. The capital cost of storing various numbers of seed semples at -20°C.
Capacity of Dasic cost 15% addition to Useful storage No. of
"off-the-peg" in U.K. * basic cost for space 1 Kg
storage unit stand-by refrig. samples

unit.
£t7 w £ $ £ $ ) ¢ of total
- space
i
3,000 5] 5,200 11,960 5,960 13,750 €0 70 22,800
L ,0c0 1135 6,000 13,800 6,900 15,870 84 T 31,900
6,500 183 8,000 18,400 9,200 21,160 148 Bo 56,200
10,000 282 10,400 23,920 11,960 27,500 20 8 91,200

* At December 1973 prices and exchange rates (£1.00 = $2.30 U.S.)

sl

1 Documentation

E.H. Rober

Capital (
per sampl

£
0.26 C
0.22 C
0.16 C
0.15 C
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Proposed Standards for seed installations

used for long-term conservation of

'Base Collections'

(1) Standard germination tests and moisture determinations,
where possible using procedures identical with or similar to
those prescribed by the International Seed Testing Association
(Proc.Int.Seed Test Ass., 31, 1966), should be carried out

on all samples received for inclusion in base collections.

(6] Providing the viability is 80% or greater, the whole
gample will be accepted for storage. If the viability is
less than 80%, unless there are special circumstances (E.8.,
it is difficult or impossible to obtain samples showing
greater viability), a proportion of the sample should be sent
for multiplication to a eentre concerned with active
collections, so that the original sample can be replaced byy y
one in better condition.

(3) The aim sheould be to store seed at 53 1% moisture

content (wet weight basis). If the sample received is
greater than this, it should be driad by a method which is
unlikely to affect viability; cither of the following methods
would be 'suitable; (a) Forced ventilation with warmed air
not exc eeding 40 C.cor initially 3C7C. if the moisture
content excecds 18%);(b) equilibrating the seeds on trays

at room temperature in a relative humidity controlled at ¢
approximately 25% R.H.

(4) When seeds are sufficiently dry (i.e., 53 %), they

should be stored in sealed cgntaincrs in rooms or cabinets
held at a temperature of -18°C. or less.

(5) Arrangements should bz made to maintain such a
temperature, Or return it rapidly, should there be a power
failureor a breakdown in the refrigeration equipment. It
is therefore recommended that refrigeration plant should
be duplicated and that a stand-by alternative power source
should be provided.

(6) Arrangements should be made to carry out germination
tests on sub-samples of 400 seeds on each acquitision at

* suitable intervals - say five years; though this period
may ultimately be sxtended, at least for some species, in:
the light of experience.

(7) When such tests show that viability has dropped 5%
below the initial value on acguisiticn, arrangements should
be made to send a proportion of the seeds for multiplication
to a centre where active collections are maintained. The
remzinder of the sample will be kept, however, until the
replacement seed has been rrceived from the 'active centre!.

(8) Full records will be kept cf each acquisition,

Digitized by the Hunt Institute for Botanical Documentation

S = ——c




=

 Digitized by the Hunt Institute for Botanical Documentation



In the latter half of the 1960's a small number of binary information
storage and retriesval systems were develoved to deal with data storage
prroblems of a tu:nnapignl nature, These systems, variously called

STIRS, TAXIR or ‘WEDLAKS, were based on the princinles of Reoleun

\

algebra and set theorv, and theyv functiened by beins able to assign
& unique '"descrintor state! to each item stored in a data file and

then, by issuing a Renlean juery, besine able to call un and generate

*he data akich was stored in a condensed state in the form of "characteristic

functions' The concent of the unique descrintor state allowed the
calculation of these '"characteristic functions" which are actually
sets nf binarv data, the set boundaries of which are determined by the
binary number of the descrintor states. G5ince these characteristic
functions exnrressed the data involved in an ever increasing number
of descrivtor states as the size of the data file increased in denth,
and since all data could be generated from the characteristic functions
based on a Soolean guery, the storage space reguired for the data
was greatly reduced and hence these systems could offar not only speed
in data retrieval (generation) but also a great savinss in required
storage snace.l

Uowaver, it is the concent of the unique descrintor state for
each item that greatly limits the usefulness of the STIRS-type system,
for although this restriction fits well in a taxonomic scheme,it
is cbvious that most data is nf &« i{yre that would nead two or more
descrintor states to be adequately stored. This paner is the result

of a= atternt to overcome this restriction and it will be presented

th is not the intent of this writer to elaborate on the basic STIRS-type
systeme in this rapar since they are currently well known and widely
apnlied. A4n excellent narer on this subject is "The Theory of the TAXIR
Accessioner," by G. Rstabrook and R.Rrill, Mathmatical Biosciences,5,1969,
pn 327-340.
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in the followine format: Various "sucsessful' methods for overcoming
the vnigue descrintor state restriction #ill be nresented in the order
in which they were evolved, and since all of these mathods involve
restrictions of their own, these limitations to their implementation will
also be discussed in the hone that one or more of these methods will
nrovide the impetus for the develonment of a full fledped STIRS-tyve
system which will ac-ept all forms of data.

The oroblem vith more than one entry in a descriptor state can
be reduced to two important segments: (1) identifyine the multiple
entries in the descrintor state in a manner which allows the normal
calculations necessary to rroduce the characteristic function to be
verformed, and (2) preserving the identity of the multiple entries
throuehout the calculations necessary to generate the data from the
characteristic functions. To allow these segments to ba concigely
dealt with, the following rules and definitions were develoned to deal
with the multirle entry descrintor state situation:

(A) A number is defined as a set of all the binarv ones in any

column in the calcuylition of a characteristic function and

the number 4is the set size. Therefore, 2 = (1 1).

(R) The comrliment of a number is the compliment of its binary

#lements. Therefore, the comrliment of 2 = comp (1 1) = (00) a 0.

(C) In the data Feneration pnrocess, using the characteristic

functions, if the total of binary ones in anv column resulting

from the summation of the numbers in that column is aqual to

er greater than the numbher of characteristic functions emnloyed

in the ceneration nrocess the result is a binary one in the

summation row (sensrated descrintor state),
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(P) Multiple descrintor state entries must ecccur in rows, the
binarvy numbers of which possess elements in the same column.

i.e., if ones annszar in the same column of rows i,3j, " """ ,n, of the
state table then ones must arrear in these same rows in some column
of the binarv row number matrix and these ones must ALL be 4in

the SAME column. However, dunlication that has occured because

of the binary ones in a certain column of the row numbers must

not be repmeated on the hasis of ones in another column (see

Example A, meint 1) and thus vhen determinine which rows are
suitahle for durlications, one must nroceed in the direction

of increasing ros# numbers at all times,

(E) MNo rows in tre data matrix may be comrosed entirely of

zeroes. This implies that every binarv number must be used in
seguence in numbering the descrivtor state rows.

Examrle A demonstrates how these rules and definitions are applied

to allow multirle descrintor state entries,

EXAMPLE A

Let the data matrix be

CHARACTERISTIC DATA TTEM
STATES 1 2 3 4 5 6 ROW_NO.
A it o} 1 0 1 0 001
B 0 0 0 1 6] 1 010
c 2 0 1 1 1 1 011
D 0 1 o] Q 0 0 100
E 1 1 1 0 i 0 101

In this case multinle descrintor state entries occur in every
column but the following voints should be noted:
{1) A one could not be rlaced in row 5, column & of the data

matrix because this dunlication would be based on ones which
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were renesated as a result of the second column of the binary row
numbers, and this column is empty for row 5.

(2) A one could not be placed in row %, coluvmn 5 since the
entry being dunlicated here could only resdde in row 5, column 5
(the onlv nlace where ones exist in the same hinarv row number
column), and this dunlication would not be in the diresction of
increasing row numhers.

(3} A eolumn (in this case, column 2) must be reserved for the
fourth descrintor stite row tn enter the data matrix because,
since this row starts a new binary number column, it is implied

trat po durlication sovld be allowed in the row.

Now the characteristic functions are calculated by implementing

definition A:

Characteristic function #1: #a e
101010 (3810 Jilf o} Kl e Mo 016000
p Bl = g S s S 101111 1131 0106
111010 B B I e 1L 271 616
i S il (g S

Rememberine that the numbers renresented in the characteristic
functions are actuallv sets of binarv ones, one can then generate
the rows of the data matrix from the characteristic functions by

enploying rules B and C:

Generate: GHow 1 Row 2 Row 3

Aok 300 H X 00000 O p R = el

(o35 ks (o o fiS o} ko) B gt s [ 101212

o)igle 3 Te 100 Rl TR & [a Bio bE e I BV o ga 000101

<L Wa ko T Wiy, (o o T P TR i | IO TR T e L |

Qow 4 Row &

0onoo00ao 5L Al 5L |
0010000 010000 1
e 200 a0 1R S R )

(o2 2R o il Wi o JR 6] 2 i e B g J o ]
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Reference to the data matrix will show that this method does indeed
overcome the restriction of unique descriptor state antries while
still allowing a STIHS-tyne calculation and storage of data in
characteristic functions. However, this method also incorporates a
large number of restrictions and problem areas which would make
its implementation ouite difficult. These are:

(1) The highly restrictive form in which dunlication of data is
allowed. This problem is extremely critical in the first 5 rows
of the data matrix, and althoush it would be alleviated somewhat as
more rows are added, it still remains a very critical factor.

(2) The form of the first few rows determines the allowable
duplications in the rows that follow, and hence these rows must be
nacked in the most efficient manner possible to allow maximum duplication
in the rest of the matrix. This imnlies that these first few rows
vould nrobably have tc be constructed of dummy data to alleow the
rest of the matrix to function efficiently.

(3) Everv time a new column of binary rew numbers is started
(i.e., 4t row numbers 1,2 4 8 16,32 etc.) a data row #ith no duplication
of descriptor states must be entered in the data matrix. This requires
a double waste of space since the row must be virtually blank, and
the one entry in the row must reside in a column that has been blank
from row 1 ur to the row in question.

(4) Even assuming thit these problems could yield a tractable
solutien, one major nreohblem area s5till remains; namelv, that the whole
svstem is extremely size denendent. The rroblem here is really the
binary number svstem its=1f. IUnp tn and ineludine the number 6, the
binary svstem allows a maximum of three binary ons to be involved

in the calculation of any slement of a characteristic function.

Digitized by the Hunt Institute for Botanical Documentation




However, after this point the binary svstem always allows a greater

number of binary ones to be involved in the calculation of the characteristic

functions than the number of the characteristic functions in being, and
this problem wets worse and worse as the binary numbers rrow larger. In -
essence, this situvation is tantamount to the insolvable rprohblem of more
unknowns than equmtidns, and therefore to further extend the STIRS-type
aprroach it is first necessary to develop a new number svstem to replace
the binary system.

Toward this end three alternative number systems are nresented, all
three of which will function properly under the rules already enumerated,
and each #ill also insure that at any point in the calculations there
are alwavs as manv characteristic functions as there are possible
numbers of binary cnes shich can be summed un in any celumn. Needless
to sav, all three of these systems are less efficient than the binary
system itself, Tn order of increasing efficiency these ara:

The System of Fours
Column Value
S

Number 16 12 3 B e W
it 1
2 3l
3 1
L 21
5 1 1
5 1 1l
7 2 &

R 3

9 1 1
0 1 1
11 X 11
12 1
13 1 1
14 1 1
15 1 1

16 1

This svstem stabilizes in sets of four which are connected by elements
in the number 1, 2, and 3 columns. Tt also stabilizes at anproximately

a 25% efficiency level, which implies that each charactesristie function
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#111 revresent four lines of data after t'w svstes mets into moderately
large numbers.
The System of Fives

Coelumn Value
Number 18 13 B & 3 3 1

1 1
2 2
3 L
L 1
- 1 2L
6 1 1
7 L
R A
9 1 1
10 1 i
11 1 1
12 14 1
13 1
14 1 1
15 1 1

Thie system stabilizes in sets of five and hence, it arrroaches an efficiency
of 20% sp that esch charactercistic function rerresents five lines of
data after the matrix eets sufficiently large.
A denarture from the last two arnroaches is one which is less
efficient than the binary number system but which increases geometricaly
in a binarv number fashion.

The Binary X System
Column alue

Mumber D [ B A 2 L
1 1
2 1
3 1 1
& 1
9 1 1
5 1 1
7 1
8 1 1
9 1 1
r 1 1
1
2

o e e e e
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in this system the numbers A,R,C,D take on different values

as the

row numbers increase, but a coherence is maintained within the svystem

that allows each rumbrr set to he tied to all other sets.

Tn addition,

this system also allcws a eeometric rrogression that rives greater and

greatar efficisncy as the data matrix size increases.

511 35=-tyre svstems built around these new number svstems work

well shen rules A throurh E are emrloved. For examnle, when the

system of fours is emrloved we huve the followine data matrix:

EAAMPLE B

Nescrirtor State Data ITtem Row Numher
Number A B c D E F &} 3 T A L e,
o o] 0 [s] o] At 0 [¢]
2 0 (o] o] bl 0 [o] (6] 1
3 0 0 1 0 o] 4] 0 1
L o 1 0 0 0 o] 0 1
5 4] 1 0 0 1 o] o 1
5 (o] 1 o} i ik o] o] 1 1
7 G i 1 1 3 0 0 ot
2 0 0 0 0 0 1 0 1
9 L] 1 (o] Q i © 1 (o] i
10 3] 1 o} X 5 2 1 o] 1 1
11 (o} 1 1 1 s ik 0 0¥ 1
1 0 o} 0 (o] 0] (] 1 1
1% o] 1 (o} 0 & I 1 1
14 o i (¢} 1 i ak 2 1 3
15 o] it 3 al 1 1 1 1 1
16 1 0 0 0 0 0 n 1
17 1 o] Le] 3 5 1 1 1 1
18 1 1 9] bt 1 1 1 1 ik
19 L 1 1 s 1 1 1 1l 1

Calculation of characteristic functions from this

as in Examnle A to vield

data vroceeds

Characteristic Fonction #1 #e #3
0D 00100 0001000 0010000
0100100 6101 100 el BT e
S e i 1 ) 03101110 o 3 AvEN AT
(o) 15 o B i L s DO =T (ol e ST T ST
1 00313 R R T g s T D SR B I 1
U0 0IS 3 2 1h0ShE 32 IL544 32

#h #5 #6 #7
0100000 DOOD0LD 0000001 1000000
g10010C0 0L Gl T 0 REL L T 110011
D101100C o T s ST W) o 5 e 1 e W [ 1189111
ot e B A oY) 09 123110 (o) o (i o b L 1 33 % 3
0123060 03512 350 031273354 3123 33
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Generation of data from the characteristic functions yields
(for the nurrose of snace conservution nnly selected rowa of

the data matrix are esenerated):

Generate:#5 Row #11Row #14 How
10 015 3 2 o Tl o Jie i B o s iR 0011000
nNo1o0D0on 00 Y 0000 1405432
{9 N o o i o M o N 14544 32 0000000
Dk 12300 2 S alfoJl e B o fifa b 1000011
1 0@ 000 1 0312 340 10 0 0/0'0 1
100 0000 1000 000 O D3123%34
00 Q000 @ (o0 B I o B o [l o ¥ o] 0O0ODODOCO
o s Bl o o T W e T | G el o 0101111

Concerning this example, the following noints should be noted:

{1) The previous nroblems with the rows of data at and beyond
the binary number seven have been overcome and any size data matrix
mav now be used.

{2) All of the rroblems associated with the strict structuring
of Fxamrle A are still present, except that now the mandatory blank
rows wWhich accomrany each new number column (i.e. rows 8,12,16)
consume a set nmercentaze of the useable data space.

{3) This svstem is still somewhat size derendent and as larger
data matrix sizes are annrpoached confusion may result in the data generation
nrocess. This conditicn can occur when the matrix is nearly fully nacked
#ith binary omes in all available spaces and the data row to be generated
contains a zero in a space which is eligible to receive a duplicated
one. In this situation the sheer numerical weight of the sets used in
the zeneration of this srecific row ol data may lead to the generation
of a one in the srace ihere the zero should reside.

To overcome tFis vroblem a code system wms develnred which would
indicate the actual conditinn of the data set in each column of duta
used in the calculation of the characteristic functions. This code

system, composed of set designators, is employed as follows:
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Refering te FExamnle B, in the calculation of characteristic function

number 1, "ive descrintor stntes are used in this calculation:

0000100
0100100
0Dl1o08110
0100111
50 58 o e S
15005 32

The set designators refer te the duta sets in each column of this calculation

using the following code:
€ = comnlete set - a ceolumn of five ones in this case.
E = empty set - a column of zerces.
P+ = a set comnosed of more than one-half binary ones.

P- = a set comrosed of less than one-half binary ones.
Thus for characteristic function number one we would have
P- P+ EE C P+ P-
In order to use these signs in the data generation process they must
have compliments. These are as follows:
Comn C = R
Comp E P-

Comp P- = P+
Comn P+ = P-

m u

In using these in the data gen=aration process, the fellowine rules
annly:

(1} A C in any cclumn of the characteristic functions used in
the generation of the descriptor state is generated as a 1 no matter
what other set designators are present in the column.

(2) An E in any column of the characteristic functiom used in
the meneration of the descriptor state is generated as a O unless:

{a) There are two or more Pi's in the same column for every E.
(b) There is a C in the same colurmn.

If (a) or (b) occur, the column is generated as a 1.
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(3) Ceolumns cemnosed of all P-'s, all P+'s or a miyture of both
are generated as 1's.

As an example of the use of set designators, the calculations
already completed in Examrle B, are repeated in set desienater form.

EXAMFLE C

Characteristic Function No. Normal Compliment
1 P- P+ EEC P+ P=- P+ P- P~ P- E P- P+
2 P- P+ EC F+ P+ P- P+ P- P-E R P- Ps
3 P- F+ C P+ P+ P+ P= P+ P- E P=- P- P- P+
L EC P- P- P+ EE P- E P+ P+ B B P-
5 F P+ P=- P- P+ C E P- P- P+ P+ P- E P-

E P+ P= P= P+ P+ C P- P- P+ P+ P- P- E
G P+ P- P- P+ P+ P+ E P- P+ P+ P- B P-

e O}

Then, Generate:
# 5 Row # 11 How #14 Row
P- P+ E E C P+ P- P+ P- P- P- E P=- Ps P+ P- P- P- E P- P+
PYPLID Bl BC P Phl Pa P PLE P- P- Bi P- P+ E C P+ P+ P-
P+ P- E P- P- P- P+ P=- P+ C P4+ P+ P+ P= P+ P= E P=- P=- P- P+
E C P- P-P+ E E P- E P+ P+ P- P- P- P- E P+ P+ P- P=- P-

P- P- P+ P+ P- E E E P+ P- P- P+ C E P=- P- P+ P+ P=- E P-
P~ P- P+ P+ P- P- E.  P= P- P+ P¢ P= B~ E E P+ F- P- P+ Pt C
E P-Py P+ P-P- P~ E P-P: Py P+ P-P- B P- DPs Pt P- P-p=
o T BT o TR« KONT: TR B o QT ¥ A Y 1D [ B TR R (s B s |

AlthousH the use of set desienators does overcome some of the
discrimination nroblems rreviously mentioned, this method still leaves
something to be desired since:

(1) The hizhly structured set of rules incorrorated in Example A
must still be followed for data storare.

(2) An added restrict on is now immosed in that the partial set
designators (P+ and P-) #ill only functien on data sets of an odd size.
Obviously, if six descrintor states are vsed in the calculation of a
characteristic function, a condition could eccur whers 3 opes and 3

2eroes are nresent in any column. This injects an indeterminacy into
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the generation calculations that renders the set designators ineffective.
Although this restriction is critical, it is generally no more than a
nuisance, since it would only require the storage of extra dummy descrintor
states to insure an odd number of descrinptor states in the calculation

of characteristic functions,

At this roint the basic problem of altering the STIRS-tyne systems
te alloew multiple descriptor state entries has hean solved, but due
to the hichly structured nature of the data required to rerform these
calculations, this solution is of little mractical use. The efficiency
of STIRS is, to a great extent, based on its ability to remain within
the binary domain during all calculations and the set designator concept
makes this difficult. Moreover, it is impractical to assume that anyone
#ould be willing to structure the data into the necessary format prior
to submitting it for storage. Therefore, this problem is further investigated
with the effort now being concentrated in two areas to develop:

(1) the ability to accert data without restriction in format
and in any density from no entries to a data matrix that is 100% ones.

(2) the ability to remain within the binary domain.

An investigation of the descrintor states which must be leaft blank
exceot for a solitary binary entrv when a new column is =ntered in the
binary row numbe- table (see rows 4, 8, 12, 16, Examrle B) shows that
these descriptor states hasically perform a place-keeping function in

the data matrix. Tf the data matrix is restructured as follows:
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EXAMPLE D

PLACE-

KEEPERS DATA System of Fives

DAIGHIBL AN N B 84321

D On O e O 1

000 06 01 0 1

6 0 60 10 0 1

00 01 © 0 o0 1

0060 061 00 1 1 b

gulel 03 @ 3 1 Tl

S e B RN ER 11

i j{ol BL i s S i

(e {51 o B T s R 1 1

ISR I B B o 1

QNG E E T

el e} i o PR SGI | P

It becomes obyious that these place-keeping columns exhibit a pattern
which is denendent onlvy on the number svstem used, and which is independent
of the data stored in the descrintor states. Therefore, the nlace-
kesping columns no longer need to be carried in the data storage at all,
they can be automatically tacked on by the computer durine calculation,
and since they will be constant, the descriptor state number or characteristic
function number will be sufficient to indicate which unique pattern
should be used. Tris fact in itselfl will greatly reduce the laterall
storage space required for the characteristic functions (by over 50%
in most cases),but it also has other implications.

If this technigue can be used for the nlace-keever columns, it
can slsc be arnlied to the descriptor rows which must be left blank
except for the solitary binary 1 which indicates the entry of a new
descrintor state numbar column., Thus, takine the Rinary ¥ number

system described nreviously we have:
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_EXAMFLE B

Descrintor State Row Binary ¥ Row Number

21 D1

2 1 0*

3 )

" 10 0O

5 101

6 T

7 =0 0N0=

8 1001

9 1010
10 Ty Ll 0o

Of these descrintor state rows, numbers 1, 2, 4, and 7 (marked by *)

are rows which are not elirible for duplication and hence have a pre-
determined format (row 1 also has this predetermined format since the
data in this row must be as close to a 100% density of binary ones as
nossible to allow maximum dunlication in the rows that follow.) Since
this format is predetermined and hence, constant within any eiven
situation, it is implied thut the only descrintor states that really
need to be considered re those which can have a varied format, i.e.,
rows %, 5,6,8 9, and 10, since these rows are the onlvy ones which could
conceivably chanee the calcuvlations. This in turn leads to the technique
illustrated in Example F.
EXAMPLE F
Given the Rinary X number svstem.(the same as the binary

number system in this case) and six descriptor states:

DATA DESCRIFPTOR STATE NUMBER
A 0Q1
R D10
X 011
g 100
) 5 101
Ié 110

Digitized by the Hunt Institute for Botanical Documentation




SR

Now, with one column of data for an examrle (if a method
works for a one-column width of data it w11l also work for an
n-column width) ¥e remove from further consideration rows 1,

2, and 4 leaving

DATA DESCRIPTOR STATE NUMBER
1 (oA B
12 AR s
13 330
If we now modify the set designator rules to the following
format
Set Size: 2 = Comn P = P
1=P and Comp E = P
0 =E LYomp C = E

N¥e can now calculate for the following situations:

(a) Xl = Xe = X;
Characteristiec Function: Generate:
# =2 =7 #3. = C #5 =C #6 = E
c E c
¥ =2 =10 E c c
#i:-= 2 = € 1 3. L
(v) Il = 05 Ye = 13 = ¥
Characteristic Function: Generate:
# =1=7p #3 =P #5 =B #6 = P
P P P
#2 =1 =P E c c
4% = 2 = ¢ 0 1 1
(ec) Xl = I? === Ye =0
Characteristic Function: Genarate;
#l =1 =P #3 = P #5 =P #6 =P
c E c
#2 = = G
e e P ®
03 = p 1 0 !
(d)x]=x2=o.x,:1
Charactaristic Function: fGenerates;
#l =0= % 73 = B £S5 = F #6 = P
~ n P P P
#2 =1 =P P P P
#3 =1= P (¢] 0 3
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(e) !1 — b Xz = )% =0
Characteristic Function: Cenerate:
#1 =1="P 3 = p #5 = P #6 = P
N _ P - P
¥2.= 1 =P P E E
#3 = 0 = B 1 0 0
(f)xl=)ra=1r =0
Characteristic Function: Nenerate:
#l =0 =E #3 = E #5 = E #6:?
E P E
#2/ =0 =B B E E
4% = 0 = R (¢} 0 0

This svstem has several important advantages over the systems
nreviously investigated:

(1) Complete freedom of data entry is nossible with no rules
or restrictions.

(2) A matrix of 100¥% binarv ones is possible meaning that no space
is wasted with mandatory zero entries.

(3) Anv amount of data could be recorded simrly by numbering the
consecutive sets of three. 4i.e., to generate a descrintor state the
Boolean guery would be 1 - % for set one, row three,

Note that the actual row numbers must be used in all cases,

And note also that althoush this does solve the rroblem of structuring
the data, in order to convert the set desirnators to the binary language
two columns of binary numbers vould be required for everv column of the
characteristic functions to be stored and thus, in this case where there
is one characteristic function for every row of data we would end up
requiring twice the storage snace as would be required te store the

data alone.

Te attack this nroblem we exnand the size of the data set (using
the Bipary X number system) to ten rows. This yields, after rows 1, 2,

4, and 7 have been deleted in manner shown in Example ¥:
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EXAMPLE G
DATA DESCRIPTOR STATE RUMBER
x1 L ¢ [ (O
%, (o 6 <
X 0110
x; Y00
15 1010
}:6 1 10 0
Awain we alter the set descriptor rules elightly to yield:
(a) Set size: 3 =¢ Comn P+ = E
2 = Py and Comp P- = P-
1l .= Pa Comn E = P+
0 =E Comp C = E

(b) As before, any C makes the column in 2 set designator
generation 1.
(c) Any ¥ makes the column zerc unless two or more P+
are present for each E.
Ferforming the calculations for the characteristic functions and

the generation of the descrintor states yields:

fa) ¥, throush }5 SiEE

1
Characteristiec Functions: Cenarate:
#1 throurh #4 = 3 = C Any row = 2 C's
2,E's
_]‘__—-
(b) x3 =0 xl.xa.xk.xﬁ.xs = g
Characteristic Functions: Generate:
#1 = 3 =¢ #5 =C #6 = E #9 = E
= - B P+ P+
#2 .= 2 = By P+ P+ E
#3 = 2 = Py B E c
=3¢ & 2 %
(c) XS.Xs = 0, xl.rh.xz.xe =ikl
Characteristic Fonctions: Generate:
#1 =3 =¢ #3 = C 45 =t #6 = E
Bl P P- Ps
#2 =1=P B P+ P+
2H.= & =P E f: E
#h = 2 = P 1 1 I
#8 = © #9 = F #10 = E
P- P- P-
E E P+
P+ £+ 2«-
1 0 1

Digitized by the Hunt Institute for Botanical Documentation




=184+

(d) x1|¥31!5 = 0, xz'yh'xﬁ =1

Characteristic Functions: Generate:
#1 = 2 = Ps #3 = P+

E

e =0 = =

HE = 2 =Py E

o= 2 = Px G
#8 = Ps

P+

BE

Py

1

(E) 32.16 = Ly xl'xj'xq'xf‘ =0

Characteristic Functions: Genezrate:
#1l =1 = P= #% = P=-

e E

HE= 0 = B E
#5 =2 = Pa H=

#4 = 1 = pP- 0
#8 = P-

P+

E

E-

(5]

(t) X2=1. II‘X3 throuzh Xg = 0

Characteristic Functions: fienerate:
#l =1 = P= #3 = P=

E

=0 =F

#2 P-
#3 =1 = P=- =

#=0=E o
#8 = p-

P+

P-

E

0

This svstem

of data.

#5

#9

#5

49

#5

#9

"

olveEmm =l

Mmoo
EE

e

P=
P+
Fs
P-

e

Oqfnim

P=
P+
P-
P+

P=

Pa

#5

#10

#6

#10

#6

#10-

m='omm
ol 'z

+

=i ot
-+

=i }Im H

P-

P~
P+

P4+
P-

rives four characteristic functions for every six lines

ef ficiency of 75%.

Cenverting the set desisnators to binary rives a resultant

This means a loss of 25¥ storape snace rains all of

the efficiency of a 37'T35-tvpe system - nlus havine a ccmplete freedom

of entrv and format in the data stored in the svstem.

The only

conceivable

data combinatien that can cause anv indeterminacy in this svatem is if
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binary ones were stored in rows 3 and 10, or 5 and 9, or 6 and 8 only,
and this condition could be simnly screened and corrected during the
filing of data, or it could be eliminated bv structurine these pairs
of descrintor states so that the pairs were mutually exclusive within
themselves.

Since the matrix of data no longer has to abide by the rules
of mutually exclusive descrinter states, the transvose of the matrix
can now be considered as well as the original matrix, leading to the
rossibility of treating the items of data as descriptor states them-
selves., This in itselfl orens ur another averue of nossibilities for
the STIRS-tyre format.

In sumrary, this naner has nrovided an evolutionary development of
a methtod to extend the carabilities of the current 5TIRS=tvnpe systems,
This method, like all others, has its drawbacks bhut it is felt that
these are preatly outwei-hed by the mossibilities of reduced file
search time and tke other accompanving benefits of the STIRS=-type format.
Further research will be directed toward the ~nd of incorrorating more
data in each set of characteristic functions (stornring the previous
examnle at the PBinary ¥ number 10 was not done by chance - above this
number of rows the set designators currently cannot handle the entire
scope of mrossitilities associated with the greater number of descriptor
states), and in refinine the rules for set designator calculations.
Tt is hoped that this initial exploration of the STIRS-type system
#ithout the unicve descrintor state requirements will be of aid in

furtherine the develooment of this imnortant area of data management.
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