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Preface

This handbook provides an introduction to seed storage physiology for those
responsible for plant genetic conservation and a selective summary of the literature
on seed survival in storage, and thus on seed storage behaviour, for over 7000
species from 251 families.

Part IA summarizes progress in our understanding of seed physiology in
relation to seed storage for genetic conservation in the past 17 years since the
publication of The Storage of Recalcitrant Seeds: Achievements and Possible Approaches
by King and Roberts (1979), and particularly the various problems that may result
in the misclassification of seed storage behaviour.

Part IB provides a compendium of information on seed survival during storage
and attempts to classify plant species into the several categories of seed storage
behaviour.

Classification of seed storage behaviour is an essential step in devising a
suitable method of conservation for each species. This is because long-term seed
storage for genetic conservation under the conditions recommended by IPGRI
(formerly IBPGR) is possible for species which show ‘orthodox’ seed storage
behaviour. Medium-term storage under well-defined storage conditions is possible
for species which show ‘intermediate’ seed storage behaviour. Such storage
underwrites in situ conservation activities against the threats of epidemics, fire,
human pressures, etc. and against similar losses at field genebanks. It also
facilitates utilization.  However, for species with ‘recalcitrant’ seeds, seed
conservation is inappropriate (other than as a very short-term measure) and field
genebanks, tissue culture techniques and/or in situ conservation will need to be
adopted. Knowing where seed conservation can be applied is thus essential to
those planning conservation strategies and this handbook attempts to address this
issue. Finally, information in this volume is required by seed collectors devising
appropriate methods of handling and storing seeds over the short term.

This handbook is the fourth in the series. The first handbook in this series
covered the design of long-term seed stores for genetic conservation (Cromarty et al.
1982). The second and third were concerned with approaches to germinate the
seeds withdrawn from these stores (Ellis et al., 1985a, 1985b). This handbook
complements the earlier handbooks, which made only passing reference to the
survival of seeds in storage and to the variation in seed storage behaviour among
contrasting species; this handbook updates (and expands considerably) parts of
those previous handbooks.

In preparing this compendium we have relied heavily on publications, seed
lists, reports, handbooks and other material published in different languages from
many parts of the world. We are therefore very grateful to the staff of the Library
of The University of Reading for their help in obtaining such publications. Many
institutes were contacted and we are most grateful to (in alphabetical order) Dr D.
Astley (Genetic Resources Unit, Horticulture Research International, UK), Dr J.S.
Brouard (Project Manager, SADC Tree Seed Centre Network, Zimbabwe),
Professors D. Céme and F. Corbineau (Université Pierre et Marie Curie, Paris,
France), Dr 1.D. Kossmann Ferraz (Instituto Nacional de Pesquisas da Amazonia,
Manaus, Brazil), Dr B. Krishnapillay (Seed Technology Centre, Malaysia), Mr O.
Leveron (Escuela Nacional de Ciencias Forestales, Honduras), Mr. C. Marunda
(Seed Centre, Zimbabwe), Mr L. Motoma (Forestry Association of Botswana), Mr
H.P. Msanga (DANIDA/ Tanzania Tree Seed Programme), Professor A.R. Nautiyal
(Garhwal University, India), Dr Doai Van Nguyen (National Forest Seed Company,
Vietnam), Mr W. Omondi (Kenya Forestry Seed Centre), Mr P. Pukittayacamee
(ASEAN-Canada Forest Tree Seed Centre, Thailand), Dr K. Poulsen (DANIDA
Forest Seed Centre, Denmark), Dr G.S. Richmond (Curtin University of
Technology, Perth, Australia), Mr I.M. Shehaghilo (Tanzania Forestry Research
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Institute), Professor G.M. Simpson (University of Saskatchewan, Canada), Mr.
Enrique Trujillo N. (Banco Latinoamericano de Semillas Forestales, CATIE, Costa
Rica), and to Professor C. Vazquez-Yanes (Universidad Nacional Autonoma de
Mexico, Mexico) for providing reprints, documents, seed lists, etc.; to Professor E.H.
Roberts (The University of Reading, UK), Drs H.W. Pritchard, R.J. Probert, and Mr
R.D. Smith (RBG Kew, Wakehurst, UK) for their many helpful comments and
suggestions, and to the following staff from the Herbarium RBG Kew, UK for their
checking of scientific names used in certain plant families: Ms S. Bidgood
(Scrophulariaceae), Dr R.K. Brummitt (certain problem genera), Dr T.A. Cope
(Gramineae - general), Dr P.J. Cribb (Orchidaceae), Dr J. Dransfield (Palmae), Dr
I.K. Ferguson (Scrophulariaceae), Dr D.J.N. Hind (Compositae, Dipsacaceae and
Valerianaceae), Mr G.P. Lewis (Leguminosae), Dr A.J. Paton (Labiatae), Dr L. Rico-
Arce (Leguminosae), Dr C. Stapleton (Gramineae - bamboos), and Mr N.P. Taylor
(certain Rosaceae).
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Glossary of Terms

Achene. A dry indehiscent one-seeded pericarp (e.g. lettuce).

Acorn. The fruit of the oak (Quercus spp.) and comprised of a nut and its cup or
cupule.

Aril. An appendage or an outer covering of a seed, growing out from the hilum or
funiculus; it sometimes appears as a pulpy covering.

Berry. Pulpy indehiscent few- or many-seeded fruit; technically the pulpy fruit
resulting from a single pistil, containing one or more seeds (e.g. tomato) but no
true stone.

Calyx. The outer circle of floral envelopes, comprised of the sepals; the latter may
be distinct or connate in a single structure.

Capsule. Compound pod; a dry fruit of more than one carpel, usually opening at
maturity by one or more lines of dehiscence (e.g. poppy).

Caruncle. A fleshy, sometimes coloured, appendage of the outer integuments for
some seeds.

Caryopsis. An achene with pericarp and seed testa inseparably fused (e.g. Gramineae)

Catkin. A scaly-bract usually flexuous spike or spike-like raceme with diclinous
flowers (e.g. willow).

Cone. A dense and usually elongated collection of flowers or fruits that are borne
beneath scales, the whole with scales and axis forming a detachable
homogenous fruit-like body (e.g. pine).

Cotyledon (s). The primary leaf (or leaves) in the embryo.

Deciduous. A plant whose leaves are shed at a specific season or growth stage.

Dehiscence. The method or process of opening of a seed-pod; loculicidally
dehiscent when the split opens into a cavity or locule; septicidally dehiscent
when splitting along septum of the ovary; circumscissally dehiscent when the
top valve comes off as a lid.

Dormancy. The condition of a live seed which prevents germination when it is
supplied with the conditions normally considered to be suitable for
germination, viz. adequate moisture, a suitable temperature and adequate
aeration.

Drupe. A fleshy one-seeded indehiscent fruit with seed enclosed in a stony
endocarp (stone-fruit) (e.g. Aleurites).

Drupelet. One drupe in a fruit made up of aggregate drupes (e.g. raspberry).

Embryo. The rudimentary plant within a seed, which arises from the zygote or
sometimes from an unfertilized egg cell. It consists of an axis bearing an apical
meristem or a plumule, a radicle, and one or more cotyledons.

Endocarp. The inner layer of the pericarp.

Endosperm. Triploid tissue which develops from the fusion of a sperm nucleus
with the two polar nuclei of the embryo sac. It supplies nutrients to the embryo
and may be entirely used up during seed formation, or part of it may remain
and sustain the seed during germination.

Follicle. Dry dehiscent fruit opening only on the front suture and the product of a
simple pistil (e.g. Delphinium).

Germination. Ultimately the production of a seedling from a seed; the emergence
of the radicle from the seed is normally the first visible sign that germination
has commenced, but germination begins from the first metabolic process during
imbibition.

Germination test. A laboratory test to estimate the proportion of seeds within an
accession capable of germinating.

Herb. Plant naturally dying to the ground, without persistent stem above ground,
and lacking definite woody firm structure.

Hermetic storage. Storage in an air-tight, moisture-proof container.

Intermediate seed storage behaviour. A category of seed storage behaviour
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intermediate between those defined as orthodox and recalcitrant. For a detailed
definition see Part IA, Section 5. Mature whole seeds are able to tolerate
desiccation to seed moisture contents in equilibrium at 20°C with about 40-50%
relative humidity but further desiccation often reduces viability and always
results in more rapid deterioration in subsequent hermetic storage the more the
seeds are dried below this value.

Long-term storage. The storage of seed accession for long-term periods (a decade
at a minimum, but many such stores expect satisfactory storage for 50-100 years
or more). Stores operated at subzero temperatures are generally classed as
long-term seed stores, but the storage conditions recommended by IPGRI
(formerly IBPGR) for long-term seed conservation are —18°C or less in air-tight
containers at a seed moisture content of 5 + 1%. (w.b.) (Cromarty et al. 1982).

Longevity. Life span. In seeds, it is the length of time that they remain viable. The
life span depends on the species and the environmental conditions under which
the seeds are stored. The duration is often qualified by the percentage of seed
viability at the end of the period because seedlots are populations in which
some seeds die sooner than others (e.g. 85% viability in order to ensure that the
majority of individuals in the seed population are viable and in good condition
at the end of this period).

Medium-term storage. The storage of seed for medium-term periods as is often
used for active collections in genebanks or by plant breeders and seedsmen.
Under the same conditions of storage, the seeds of different species will have
different periods of longevity. Thus it is difficult to define precisely the period
envisaged by ‘medium-term’. A period of 2-10 years or so is generally
assumed. As a guide, stores which are run at temperatures between 0 and 10°C
have been listed as medium-term stores.

Nut. An indehiscent, one-seeded, hard and bony fruit, even if resulting from a
compound ovary (e.g. chestnut).

Nutlet. A small nut.

Open storage. Storage conditions where seeds are exposed directly or indirectly to
ambient relative humidity (and sometimes also temperature); for example, in a
paper bag, cloth bag, or a similar material which permits seed moisture content
to be influenced by ambient relative humidity.

Orthodox seed storage behaviour. Mature whole seeds not only survive
considerable desiccation (to at least 5% moisture content) but their longevity in
air-dry storage is increased in a predictable way by reduction in seed storage
moisture content and temperature (e.g. to those values employed in long-term
seed stores). See Part IA, Section 3 for further information.

Perianth. The collective term for the calyx and corolla. It is made up of one or
more whorls of floral leaves (petals and sepals).

Pericarp. The fruit wall which has developed from the ovary wall. The pericarp
comprises the endo-, meso- and exocarps. There are various forms such as dry,
fleshy and woody pericarps.

Pome. A fruit in which the multiseeded core is surrounded by a papery endocarp
which, in turn, is fused to the fleshy receptacle (e.g. apple).

Preferred storage conditions. The storage conditions recommended by FAO and IPGRI
(formerly IBPGR) for long-term seed conservation, viz. storage at —18°C or less in
air-tight containers at a seed moisture content of 3-7% (w.b.) (Engels and Tao 1994).

Pod. A dehiscent dry pericarp.

Pyrene. The stone of a small drupe.

Recalcitrant seed storage behaviour. Mature whole seeds are unable to tolerate
more than a limited amount of desiccation, for example to moisture contents in
equilibrium at 20°C with about 96-98% relative humidity or a seed water
potential of around -1.5 to -5MPa. See Part IA, Section 4 for more information.

Samara. Indehiscent winged fruit (e.g. Acer).

Schizocarp. A dry dehiscent fruit that splits into two halves, each half a mericarp
(e.g. Umbelliferae).
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Shrub. A woody plant that remains low and produces shoots or trunks from the base.

Siliqua. The long fruit of certain Cruciferae.

Tree. A woody plant that produces one main trunk and a more or less distinct and
elevated head.

Utricle. A bladdery one-seeded and usually indehiscent fruit (e.g. Basella).

Viability. The possession in a seed of those processes essential for a seed to
germinate. Thus a viable seed is alive; but this does not ensure that the seed
will germinate (for example, if the seed is dormant). Within an accession,
percentage viability is the proportion of seeds which are viable; it is estimated
from the result of a viability test.

Viability test. A test on a sample of seeds withdrawn from the accession designed
to estimate the percentage viability of the accession. A germination test can
only function as a viability test either if all the seeds are non-dormant, or if
special treatments are applied to remove dormancy. An alternative viability
test procedure which does not require special treatments to remove dormancy is
the tetrazolium test; in forest tree seed testing the term viability test is often
synonymous with a tetrazolium test.
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Acronyms and Abbreviations

AVRDC Asian Vegetable Research and Development Center, Taiwan

BLSF Banco Latinoamericano de Semillas Forestales, Catalogo de Semillas
Forestales 1994; Centro Agronomico Tropical De Investigation y
Ensefianza, Proyecto de Semillas Forestales (PROSEFOR)

CIAT Centro Internacional de Agricultura Tropical, Cali, Colombia
CIMMYT Centro Internacional de Mejoramiento de Maiz y Trigo, El Batan, Mexico
CNSF Centre National de Semences Forestieres, Ouagadougou, Burkina Faso,

Catalogue 1995-1996

C, Coefficient indicating the response of seed longevity to moisture content
(from the viability equation). See Part IA, Section 3.2

D Dicotyledons

DFSC Danida Forest Seed Centre, Seed List 1993

ELSMC Lowest safe embryo moisture content (%, w.b.), below which viability of
excised embryos (or embryonic axes) is reduced

EMCS Embryo moisture content (%, w.b.) at shedding, harvest, maturity

ESNACIFOR Escuela Nacional de Ciencias Forestales, Banco de Semillas,
Siguatepeque, Honduras
FSB/Argentina Forest Seed Bank, Santiago del Estero, Argentina

G Gymnosperm

HBSTGB Handbook of Seed Technology for Genebanks. Volume I1. (Ellis et al., 1985b)

ICARDA International Center for Agricultural Research in the Dry Areas, Aleppo,
Syria

ICRISAT International Crops Research Institute for the Semi-Arid Tropics,
Hyderabad, India

IHTA International Institute of Tropical Agriculture, Ibadan, Nigeria

IPGRI International Plant Genetic Resources Institute, Rome, Italy

ISTA International Seed Testing Association; ISTA (1993a, 1993b)

LMCL Low-moisture-content limit (%, w.b.) to the viability equation, see Part
IA, Section 3.3

LSMC Lowest safe moisture content, also termed *“critical moisture content” (%,
w.b.), below which viability is significantly reduced by further desiccation

M Monocotyledons

mc Moisture content (%, w.b.)

MCS Whole seed moisture content (%, w.b.) determined at shedding, harvest,
maturity

NSSL National Seed Storage Laboratory, Fort Collins, USA

Orthodox p Orthodox probable. See Part IB, Introduction

pers. comm. Personal communication

P, Half-viability period, i.e., time taken for 50% of the seeds to lose viability
PGRC/Ethiopia Plant Genetic Resources Centre, Ethiopia
RGB Kew, WP  Seed Bank, Royal Botanic Gardens Kew, Wakehurst Place, UK

r.h. Relative humidity

RSS Recommended seed storage conditions

SSLR Results of unpublished research, Seed Science Laboratory, Department
of Agriculture, The University of Reading

TSW Thousand-seed weight (g) (because information is collated from many

different sources, TSW will have been determined at different seed
moisture contents)

uLMC Upper moisture content limit (%, w.b.) to the viability equation. See Part
IA, Section 3.3

VGB Vegetable Genebank, Wellesbourne, UK

w.b. Wet weight basis or fresh weight basis, when referring to seed moisture
content

* Before species name = taxonomic difficulty with species listed.
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Part IA. An Introduction to Seed Storage Behaviour
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1. Introduction

Conservation of plant genetic resources comprises two types of approach; in situ
and ex situ conservation. In situ conservation has been defined as the conservation
of whole ecosystems and natural habitats where wild or cultivated species are
maintained and may continue to evolve. Ex situ conservation maintains germplasm
outside its original habitats, in the form of whole plants in botanical gardens and
field genebanks, seeds as in seed genebanks, or certain other parts of the plant such
as roots, dormant buds, pollen, explants as in vitro genebanks, or possibly as DNA.
Knowledge of the seed storage behaviour of a target species is required in order to
determine whether or not seed storage is suitable as a method of genetic
conservation, and how to handle seeds during collection and germplasm exchange.
If it is feasible, long-term seed storage is generally considered the safest, most
inexpensive and most convenient method of genetic conservation. Most plant
genetic resources are conserved by this means.

The importance of seed storage has been recognized ever since humans began
to domesticate plants. The duration of storage depends upon the objectives of the
particular conservation effort and the species concerned. Farmers need to maintain
viable seeds from one growing season to the next while seed producers may also
wish to maintain ‘carry-over stock’ for several years. In contrast, the goal of
genebanks is essentially the maintenance of seed viability in a very wide range of
species for indefinite but considerable periods, a much harder task which requires
both specific facilities and information.

This Compendium of Information on Seed Storage Behaviour should be read
in conjunction with the earlier IBPGR Handbooks for Genebanks which cover the
design and construction of long-term seed stores (Cromarty et al., 1982) and the
germination and dormancy of seed accessions (Ellis et al., 1985a), (Ellis et al., 1985b).
In particular, readers are referred to Appendix 3 of Cromarty et al. (Cromarty et al.,
1982) for information on seed moisture content, relations between seed moisture
content and relative humidity, and the effect of temperature and seed composition
on these relations. Throughout this document, seed moisture content is expressed
on the fresh weight basis (also described as wet basis, and often abbreviated to
w.b.).
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2. Classification of seed storage behaviour

Classification of the variation in seed storage behaviour among species is required
before choosing appropriate methods of storage. Seed survival in storage has long
fascinated humans. The first publication referring to seed storage behaviour
appeared in 535 AD in China; Ssu-Hsieh Chia published a handbook in which he
recognized two methods of seed storage. For example, for cereals he advised “not
to store in warm and damp environments”, whereas with (chinese) chestnut “the
fresh seeds should be stored in damp soil placed in the house, and during transport
the seeds should be packed in a leather bag, because chestnut seeds will die when
exposed to sun and wind” (Ssu-Hsieh Chia, 535). Thus it was recognized one and a
half millenia ago that seeds of different species showed two contrasting types of
seed storage behaviour.

Ewart (Ewart, 1908) divided seeds into three biological classes according to their
life span under ordinary storage conditions:

? microbiotic, i.e. seeds with life spans not exceeding 3 years;

? mesobiotic, i.e. seeds with life spans from 3 to 15 years;

? macrobiotic, i.e. seeds with life spans from 15 to 100 or more years.

In this classification, the effect of the seed storage environment was not taken
into account.

Elliott 1912, cited by (Baldwin, 1942) similarly divided (forest tree) seeds into
three classes but his classification was based on the response of seeds to desiccation:

? those which can withstand drying, such as most conifers and birch (Betula
spp.);

? those which can survive partial drying, such as Fraxinus spp., Tilia
americana;

? those which can rarely be dried at all, such as Quercus spp. and Fagus spp.

In addition to Elliott’s classes of seed storage behaviour, Tillotson (Tillotson,
1921), cited by (Baldwin, 1942) added a fourth class of species whose seeds cannot
be stored at all, such as Acer saccharinum, red maple (Acer rubrum), poplars (Populus
spp.), willows (Salix spp.), elms (Ulmus spp.) and hornbeams (Carpinus spp.).
Although Ewart's system of classification has been well cited, Elliott's classification
has unfortunately been largely ignored.

Forest tree seed nurseries are concerned with short-term storage and the
pretreatment of seeds before or after storage. For these activities, Holmes and
Buszewicz (Holmes & Buszewicz, 1958) divided temperate tree species into five
groups:

? seeds with short life spans under ordinary storage conditions (open storage
at ambient temperature), but whose longevity can be improved
considerably by lowering seed moisture content and storage temperature
(e.g. Salix, Populus, Ulmus, Betula, Alnus — note the contrast with Tillotson's
comments above);

? seeds which can be stored moist for short periods or dry for long periods
(e.g. Acer, Carpinus, Crataegus, Euonymus, Fraxinus, Liriodendron, Nothofagus,
Prunus, Pyrus, Sorbus and Tilia);

? large desiccation-sensitive seeds requiring moist storage (e.g. Aesculus,
Castanea, Carya, Corylus, Fagus, Juglans and Quercus);

? species which show hard impermeable seed coats and have long life spans
in open storage (e.g. Leguminosae);

? species whose seeds tolerate desiccation to low moisture content and can be
stored hermetically at cool, near-zero or subzero temperatures (e.g.
conifers).

However, it will be shown in the next paragraph that, in fact, these five groups

can be represented by just two categories of seed storage behaviour.

Roberts (Roberts, 1973) introduced a classification based not on longevity per se,
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but on contrasting physiological responses of seed survival during storage to
moisture content and temperature. He introduced the terms “orthodox” and
“recalcitrant” for the two categories of seed storage behaviour he identified.
According to Roberts (Roberts, 1973), orthodox seeds can be dried to low moisture
contents (2-5%) without damage. In addition, their longevity increases with
decreases in seed storage moisture content and temperature in a quantifiable and
predictable way over a wide range of storage environments. In contrast,
recalcitrant seeds cannot survive desiccation below a comparatively high (between
12 and 31%) moisture content (Roberts, 1973).

Roberts’ terminology has been widely adopted, and there has since been a
considerable emphasis on research activities on recalcitrant seed physiology over
the last decade or so. Alternatives to Roberts’ terminology have been suggested
from time to time. For example, it has been argued that the term “poikilohydric”
should replace “orthodox” to describe seeds that can be maintained in equilibrium
with ambient relative humidity for long periods, and that “homoiohydric” should
replace “recalcitrant” to describe those that do not tolerate desiccation (Berjak et al.,
1990a) (Berjak et al., 1990b). It has also been suggested that species with recalcitrant
seeds can be further categorized into three subgroups — minimally, moderately and
highly recalcitrant (Farrant et al., 1988). Minimally recalcitrant seeds can withstand
desiccation to relatively low levels of moisture content, at which germination is
slow; they are also able to tolerate cooler storage temperatures, e.g. Quercus spp.,
Auracaria hunsteinii and Podocarpus henkelii. In contrast, highly recalcitrant seeds are
extremely sensitive to desiccation and cool temperatures, e.g. Syzygium spp. and
Avicennia marina. Moderately recalcitrant seeds show a level of desiccation
sensitivity between those of the above two groups, e.g. Theobroma cacao and Hevea
brasiliensis (Farrant et al., 1988). Although these authors divided recalcitrant seed
storage behaviour into three subgroups, they suggested that the categories are not
discrete. Rather, they suggested that there is a continuum of recalcitrant seed types,
varying from less recalcitrant to highly recalcitrant, depending on the natural
habitat to which they are adapted; the highly recalcitrant species tending to be
adapted to tropical regions and wetlands, the moderately recalcitrant species to
tropical regions, and the minimally recalcitrant species to temperate or subtropical
regions (Farrant et al., 1988). Thus, this classification provides four groups
(orthodox, minimally recalcitrant, moderately recalcitrant and highly recalcitrant)
which take into account both the effects of storage environment and adaptation to
natural habitats.

Bonner (Bonner, 1990) also suggested a classification based on storage
conditions and adaptation to natural habitats. He divided tree species into four
classes; the two main categories of orthodox and recalcitrant seed storage behaviour
defined by Roberts (Roberts, 1973) were each divided further into two
subcategories:

?  *“true orthodox” seeds can be stored for relatively long periods at
subfreezing temperatures with <10% moisture content (e.g. Abies spp.,
Araucaria cunninghamii, Pinus spp., Tectona grandis, etc.);

? *“suborthodox” seeds are those that can be stored under the same conditions
as true orthodox seeds, but only for shorter periods (e.g. some Carya spp.,
Citrus spp., Fagus spp., Gmelina arborea, Juglans spp., Populus spp., Salix
spp.);

?  “temperate-recalcitrant” seeds that cannot be dried without damage, but can be
stored for several years at near-freezing temperatures (e.g. Aesculus, Quercus spp.);

?  *“tropical-recalcitrant” seeds that are sensitive to damage from both
desiccation and exposure to cool temperatures of 10-15°C or less (e.g. Hopea
spp., Shorea spp. and Theobroma cacao).

In addition to the two categories of seed storage behaviour defined by Roberts
(Roberts, 1973), a third category of seed storage behaviour has recently been
identified and termed “intermediate” (Ellis et al., 1990a) because a group of species
has been identified which shows seed storage behaviour intermediate between the
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orthodox and recalcitrant categories (Ellis et al., 1990a), (Ellis et al., 1991a), (Ellis et
al., 1991b), (Ellis et al., 1991d), (Hong & Ellis, 1992c), (Hong & Ellis, 1995).
Essentially, seeds from this group of species are able to withstand desiccation to the
higher band of air-dry seed storage moisture content — e.g. to the band between
about 7-10% to 20% moisture content — (and within this range of air-dry seed
storage moisture contents longevity improves with reduction in seed storage
moisture content) but they are damaged by desiccation to moisture contents below
this band. The evidence of a third category of seed storage behaviour began to
accumulate once it was recognized that the two categories of seed storage
behaviour identified by Roberts (Roberts, 1973) did not account satisfactorily for all
observations on seed storage behaviour. For example, in an extensive programme
of research on Araucaria spp. Tompsett (Tompsett, 1984a) concluded that, in
addition to orthodox and recalcitrant species, the “New Caledonian species (A.
columnaris, A. nemorosa, A. scopulorum, and A. rulei) would appear to be more
difficult to categorize, since they can be dried with safety to about 12% moisture
content only; on further desiccation to near 7% moisture content, half their
germination is lost”. Accordingly, Farrant et al. (Farrant et al., 1988) indicated that
seeds of Araucaria columnaris, Citrus spp., and Coffea arabica should be viewed as
intermediate between recalcitrant and orthodox species. Similarly, Hofmann and
Steiner (Hofmann & Steiner, 1989) noted a group of species which show some of the
characteristics of both orthodox and recalcitrant seeds, such as Bixa orellana and
arabica coffee.

Thus, species can be classified into three main categories of seed storage
behaviour: orthodox, recalcitrant and intermediate. In order to accommodate the
subgroups defined by Farrant et al. (Farrant et al., 1988) and Bonner (Bonner, 1990),
Hong and Ellis (Hong & Ellis, 1995) (Hong & Ellis, 1996) have divided the latter two
categories of seed storage behaviour (recalcitrant and intermediate) as follows:
recalcitrant of tropical origin, recalcitrant of temperate origin; intermediate of
tropical origin, intermediate of temperate origin. The categories “true orthodox”,
“temperate recalcitrant”, and “tropical recalcitrant” defined by Bonner (Bonner,
1990) are similar to “orthodox”, “recalcitrant of temperate origin”, and “recalcitrant
of tropical origin”, respectively in this handbook. However, certain “suborthodox”
species defined by Bonner (Bonner, 1990) are classified here as “orthodox” (e.g.
Populus spp., Salix spp.) or “intermediate” (e.g. certain Citrus spp.) in our system of
classification, depending upon the ability to tolerate desiccation to low (?5%)
moisture contents. It is possible that certain species in the “minimally recalcitrant”
category defined by Farrant et al. (Farrant et al., 1988) may show intermediate seed
storage behaviour as defined here.

Figure 1 summarizes an experimental protocol to distinguish between
orthodox, recalcitrant and intermediate seed storage behaviour provided by Hong
and Ellis (Hong & Ellis, 1996).

The following sections attempt to summarize progress in seed physiology in
relation to seed storage for genetic conservation in the past two decades or so, and
provide definitions of and further details on the categories of seed storage
behaviour outlined above.
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3. Characteristics of orthodox seeds

3.1 Definition

Orthodox seeds can be dried without damage to low moisture content and, over a
wide range of environments, their longevity increases with decreases in seed
storage moisture content and temperature in a quantifiable and predictable way
(Roberts, 1973). The latter is defined by the improved seed viability equation (Ellis
& Roberts, 1980a). In essence, in order for seed storage behaviour to be defined as
orthodox, two conditions must be satisfied:

Mature seeds survive desiccation to low moisture contents, at least to 2-6%
(w.b.) depending on the species. Above this value (but within the air-dry range)
there is a negative logarithmic relation between seed moisture content and
longevity (Ellis & Roberts, 1980a), (Ellis & Roberts, 1980b); (Ellis, 1988).

With regard to the effect of temperature on longevity, there is a negative
relation between temperature (at least between —20 and 90°C) and seed longevity at
a constant moisture content (Roberts, 1973). The precise form of this relation is a
negative semilogarithmic relation modified by a quadratic term such that the
relative benefit to longevity of a reduction in temperature declines the cooler the
temperature (Ellis & Roberts, 1980a); (Ellis, 1988); (Dickie et al., 1990).

3.2 Viability equations
Relations between (orthodox) seed survival and storage duration, temperature and
moisture content have been quantified by the equation

V= Ki _ p /lOKE - Cwlogmm - CHt _ CQtZ

@)
where v is probit percentage viability after p days in storage at m% moisture
content (w.b.) and t°C temperature, K is a constant specific to the seed lot, and K_,
C,, C, and C, are species viability constants (Ellis & Roberts, 1980a). The power
term of equation (1) is ?, the standard deviation of life spans of individual seeds in a
population, under the storage conditions indicated (Ellis & Roberts, 1980a), so that:

log,, ? = K.-C,log,m-C t-C.t )
Equation (1) can therefore be rewritten:
v=K-p/? 3)

where ? is a measure of the longevity of seeds, since it is the period in days during
which percentage viability is reduced by one probit; e.g. from 84.1 to 50% viability.
These equations describe the (considerable) extent to which the period of survival of
orthodox seeds can be manipulated by altering the environment in which they are
stored, and the constants and coefficients therein reflect the effects of key variables
in successful seed genebank operation.

The constant K is the seed lot constant. The value of this constant indicates the
initial quality of the seed accession when placed in the store. The frequency
distribution of the life spans of seeds stored in constant environments (i.e. at a
constant moisture content and storage temperature) is normal (Roberts, 1972b). As a
consequence, the seed survival curve (percentage germination plotted against time)
is a sigmoid curve of distinct form, a cumulative normal distribution of negative
slope (Fig. 2a). A convenient way of dealing with data which fit a cumulative
normal distribution is to plot percentage germination on a probability scale against
time, which results in a straight line (Fig. 2b). The intercept of this line at zero time
(i.e. just before storage, because from equation (3) when p =0, K = v) is the value of
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K. K, is thus an indicator of “potential longevity”. The higher the value the better
the quality of the seed lot. K can be accurately determined from a rapid ageing test
in constant conditions (e.g. hermetic storage at 40°C with seeds at 15% moisture
content, sampling twice a week for a total duration of 20-40 days, depending on
species and initial germination percentage, in order to obtain a complete survival
curve), or estimated very roughly from a single large-scale germination test by
transforming percentage initial viability to the equivalent probit value (e.g. using
the nomograph described by (Ellis, 1984a)).
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Fig. 2. The results of serial germination tests ( 0 ) of seeds of finger millet (Eleusine coracana)
plotted against the period of hermetic storage at 40°C with 15% moisture content show the
typical sigmoidal pattern of seed survival curves (a). When the percentage germination is
plotted on the probability scale, the cumulative negative normal distribution results in a
straight line (b). Data from (Ellis, 1984a).

The combined effects of the constants C,, and C,, describe the response of seed
longevity to temperature. A comparison of contrasting species found that the
values of the temperature terms C, and C, did not differ significantly among
species (Dickie et al., 1990). This suggests that the seed longevity of all orthodox
species may well show a similar quantitative response to storage temperature. The
best estimate available to date for this response is provided by the following values:
C,,=0.0329 and C, = 0.000478.

The constant K_ denotes the extrapolated value of log,,? at 1% moisture content
(because log,,1 = 0) and 0°C (though this does not imply that seeds can or should be
stored at 1% moisture content; this value is below the range of moisture content
over which the equation applies, as is explained later on).

The gradient of the negative logarithmic relation between seed moisture content
(m) and longevity (?) provides the value of C,. This value describes the relative
effect of moisture content on longevity. Although invariant within a species, the
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value of C, differs considerably between species. In cereals C, has a high value
(close to 6), but in oily seeds the value of this constant is much lower (e.g. between
3.5 and 4 for onion (Allium cepa) and soyabean (Glycine max)). Tree species tend to
have lower values for C , for example 0.98 for Pinus elliottii (Bonner, 1994), 2.15 for
Terminalia brassii (Tompsett, 1986b) and 4.23 for Norway maple (Acer platanoides)
(Dickie et al., 1991) with a mean value of 2.8 for forest tree species compared with
the mean value of 4.72 for herbaceous species (Tompsett, 1994). This means that to
obtain the same relative increase in longevity it is necessary to dry oily seeds more
than starchy seeds from a given moisture content. This also has implications for the
relative advantage of ultra-dry seed storage (to be discussed later) for species with
oily seeds compared with those with starchy seeds.

The great differences in the values of C,, among orthodox species appear to
result from differences in seed composition and, hence, differences in equilibrium
relative humidity, and thus in seed water potential, at the same moisture content
(Roberts & Ellis, 1989).

Therefore, a tentative development of the viability equation based on water
potential or equilibrium relative humidity was proposed by Roberts and Ellis
(Roberts & Ellis, 1989)

log,,? =K.~C, r-Ct-C.t 4

where r is equilibrium relative humidity (%), t is temperature (°C), and K, C,,, C,,
and C, are constants (with values different from those of equations (1) or (2)). Once
equilibrium relative humidity is used in place of seed moisture content, C,, values
become invariant, at least for the 23 species of the different families investigated so
far (Roberts & Ellis, 1989); (Ellis et al., 1988), (Ellis et al., 1989), (Ellis et al., 1990b),
(Elis et al., 1990d). That value, C,, = 0.0346, is equivalent to a doubling of longevity
for each 8.7% reduction in equilibrium relative humidity, or an increase in longevity
by a factor of 2.22 for each 10% reduction in equilibrium relative humidity (Ellis et
al., 1990d); (Zanakis et al., 1993).

Differences among species in absolute seed longevity at the same temperature
and moisture content also appear to be largely the result of differences in seed
water potential brought about by differences in seed composition. For example,
seed longevity in the cereal tef (Eragrostis tef) was 11- to 12-fold greater than that of
the oilseed niger (Guizotia abyssinica) when both were stored at the same
temperature and similar moisture contents, but longevity in niger was no less than
that of tef when they were stored at the same temperature and similar equilibrium
relative humidities (Zewdie & Ellis, 1991a).

3.3 Limits to the viability equations

There are two limits to the negative logarithmic relation between seed moisture
content and seed longevity (Roberts & Ellis, 1989): an upper limit, beyond which
seed longevity in hermetic storage is no longer reduced with further increases in
moisture, and beyond which seed longevity in aerated storage increases with
further increase in moisture content (Roberts & Ellis, 1982); and a lower limit below
which further reduction in moisture content no longer increases longevity in
hermetic storage ((Ellis et al., 1988), (Ellis et al., 1989), (Ellis et al., 1990b), (Ellis et al.,
1990d), (Ellis et al., 1992). Figure 3 shows the contiguous relations between seed
longevity and moisture content over a very wide range of moisture contents, from
very dry to very wet seeds of lettuce (Lactuca sativa).

The upper moisture content limit is about 15% in lettuce (Ibrahim & Roberts,
1983), about 18% in onion (Ellis & Roberts, 1977), 22% in elm (Ulmus carpinifolia)
(Tompsett, 1986b), 22% in niger (Zewdie & Ellis, 1991c), 24-28% in tef (Zewdie &
Ellis, 1991c), and about 26% in durum wheat (Triticum durum) (Petruzzelli, 1986).
Despite wide variation among species in terms of moisture content, these values
coincide with a seed water potential of about -14 MPa (Roberts & Ellis, 1989);
(Zewdie & Ellis, 1991c), i.e. the upper moisture content limit to the viability
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equation occurs at seed moisture content levels in equilibrium with about 90% r.h.
at 20°C.

The lower moisture content limit to the seed viability equation is more difficult to
determine.  This is because the longevity of very dry seeds is considerable.
Consequently, much of this research has been carried out at high temperatures. Results
from hermetic storage at 65°C have shown that the lower moisture content limit to the
seed viability equation at this temperature varies substantially between species, e.g.
about 6% for pea (Pisum sativum) and mung bean (Vigna radiata), 4.5% for rice (Oryza
sativa) and tef, 2% for sunflower (Helianthus annuus) (Ellis et al., 1988), (Ellis et al., 1989),
(Ellis et al., 1992). However, these variant levels of moisture content coincide with 10-
12% equilibrium relative humidity at 20°C (Ellis et al., 1988), (Ellis et al., 1989), (Ellis et
al., 1992), this being the temperature at which seeds were dried and then sealed into the
hermetic containers, or with a seed water potential of about -350 MPa at this seed-
drying and packaging temperature (Roberts & Ellis, 1989). This lower moisture content
limit is close to the value to which genebanks were previously recommended to dry
seed accessions to (e.g. (Cromarty et al., 1982) recommended a drying regime of 10-15%
relative humidity at 15°C).

However, the lower moisture content limit to the seed viability equation may
vary with temperature (Ellis et al., 1989); (Vertucci & Roos, 1990), not least because
the equilibrium relative humidity of seeds at a given moisture content varies with
temperature, see (Cromarty et al.,, 1982). Accordingly, there is some uncertainty
concerning the lowest moisture content to which seeds should first be dried in order
to maximize longevity in hermetic storage at cool temperatures (see 3.8).

3.4 Longevity of moist orthodox seeds

Above the upper moisture content limit to the application of the viability equation
in orthodox seeds, the trend of seed longevity in relation to moisture is reversed in
aerated storage whereby longevity increases with further increase in moisture
content (Fig. 3) (Roberts & Ellis, 1982), (Roberts & Ellis, 1989); (Ibrahim et al., 1983).
When orthodox seeds are fully hydrated, they tend to germinate, but if this can be
prevented by maintaining the seeds in a dormant condition they can often remain
viable for many years (Villiers, 1974), (Villiers, 1975). Barton (Barton, 1961b)
reported that 25 and 37% of seeds of Amaranthus retroflexus and Rumex obtusifolius
which were stored on moist glass wool at constant temperatures of 20 and 30°C,
respectively, germinated during moist storage over a period of 8 years, while the
remaining seeds were viable and germinated when transferred to suitable
environments. It has also been known that many orthodox seeds can survive many
years or decades in the soil (soil seedbank) under conditions where they must be
fully or intermittently hydrated for much of the time (Roberts & Ellis, 1982).
Aerobic conditions are essential for the successful moist storage of orthodox seeds
(Roberts & Ellis, 1989). The longevity of moist seeds will be maximal if the supply
of oxygen is unhindered and the seeds are kept fully or almost fully imbibed. In
contrast, seeds stored at moisture contents close to the upper moisture content limit
of the seed viability equation will show the maximum rate of deterioration at a
given temperature.

3.5 Freezing injury in cold storage of orthodox seeds

In general, free water in seeds is frozen at subzero temperatures and death of the seed
occurs because of ice crystallization. For example, soyabean seeds at 26% moisture
content will be killed when exposed to —65°C, but seeds at 20% moisture content will
survive at least a brief exposure to this temperature (Leopold & Vertucci, 1989).

In some circumstances, seeds at comparatively high moisture contents can
withstand lower temperatures without freezing injury. For this to occur the water
in the cell has to vitrify, instead of crystallizing. This is why it has been possible for
lettuce seed rapidly cooled at 18% moisture content in liquid nitrogen (-196°C) and
then stored for 30 days at this temperature to survive without injury, whereas seeds
at 16% moisture content cooled at a slower rate to —70°C showed low viability (Roos
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& Stanwood, 1981). The rate of cooling (Roos & Stanwood, 1981), the addition of
cryoprotectant and the presence of trehalose might contribute to the formation of
the glassy (vitrified) state in seeds (Williams & Leopold, 1989).

In theory, the water present within seeds would not be expected to freeze when
they are cooled to —20°C if seed moisture content is in equilibrium with <85% r.h.
(Roberts & Ellis, 1989). In practice, small losses in viability have sometimes been
detected in orthodox seeds in equilibrium with 70% r.h., and consequently it has
been suggested that it would be prudent to first dry seeds at 20°C until moisture
contents have been reduced to values in equilibrium with ?65% relative humidity
before beginning hermetic storage at —20°C in order to avoid any possibility of
freezing damage (Zewdie & Ellis, 1991b). Safe seed moisture contents (i.e. those at
which freezing damage is avoided) for storage at —20°C are about 12.5-13.5% for
cereals but lower moisture contents are necessary for species with oily seeds.

Orthodox seeds have been stored in liquid nitrogen (-196°C). However,
cryopreservation in liquid nitrogen is not always an easy method of seed storage,
particularly in developing countries. First, optimum (safe) moisture content levels
must be determined for each orthodox species, particularly those with oily seeds.
In general, 5-18% moisture content is said to be safe for liquid nitrogen storage
(Stanwood & Roos, 1979). Pretreatment with cryoprotectants sometimes improves
survival in liquid nitrogen, but in some circumstances can be damaging (Touchell &
Dixon, 1993). Wang et al. (Wang et al., 1994) collated information on the
cryopreservation of orthodox tree seeds, which suggests that moisture content
levels between 3.8 and 11% are safe for at least short periods of time (4 days to 3
years). However, in other studies storage at low levels of moisture content (2-8%)
showed considerable damage by reducing seed viability and by increasing
abnormal germination (Sakai & Noshiro, 1975); (Stanwood & Bass, 1981);
(Stanwood, 1987); (Vertucci, 1989); (Zewdie & Ellis, 1991b). A loss in viability of
about 10% following 14 days of storage in liquid nitrogen at 6-8% moisture content
was reported in certain tree seeds (Wang et al., 1994). One possible cause of
problems with liquid nitrogen storage is the requirement to optimize the rate of
cooling and warming (thawing). This must be determined empirically (Meryman &
Williams, 1981). But even when this is done, legume seeds nevertheless tend to be
damaged by cryopreservation (Saunders, 1981); (Boyce, 1987); (Pritchard et al.,
1988). Furthermore, despite suggestions of infinite seed longevity by cryostorage in
liquid nitrogen, Tompsett (Tompsett, 1986b) found similar longevity for Ulmus
carpinifolia seed stored at —13 and -75°C, and has questioned whether reducing seed
storage temperatures much below -13°C does result further significant benefits to
longevity (Tompsett, 1994). Accordingly, we do not consider the cryopreservation
of orthodox seeds further here. Our main concern is the identification of those
species in which hermetic storage at —18°C at low moisture content is feasible; i.e.,
the identification of those species whose seeds can be stored successfully for
considerable periods under the IPGRI preferred conditions for long-term seed
storage.
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Fig. 3. The relationship between moisture content, temperature and seed longevity (p,,
half-viability period) in lettuce. The central unshaded region shows the range of seed
moisture contents where the viability equation (1) applies. The shaded region on the left is
where change in moisture has little effect; the shaded region on the right is where longevity
improves with increase in moisture content in the presence of oxygen. Different symbols
refer to results from different investigations: squares (Wageningen), other symbols
(Reading); open circles (with air), closed circles (with nitrogen). Although the boundaries
to the application of the viability equation are shown as vertical, there is only direct
evidence for this for the upper moisture content boundary. From (Roberts & Ellis, 1989).

3.6 Imbibition injury

Water can also influence orthodox seed survival during imbibition: the rapid
uptake of water by dry seeds can result in imbibition injury (Powell & Matthews,
1978). Although the phenomenon is particularly pronounced if seeds are immersed
(soaked) in water, it can also occur in standard laboratory germination tests (Ellis et
al., 1982), (Ellis et al., 1990c). Seeds are more likely to be damaged, the lower their
initial moisture content (Ellis et al., 1990c) and the cooler the temperature (Pollock,
1969); (Powell & Matthews, 1978). Imbibition injury is pronounced in Leguminosae
and Malvaceae (Ellis et al., 1985b), but it is now clear that the problem can also
occur in other species. For example, imbibition injury was reported in Populus alba,
particularly in seeds at less than 8% moisture content (Polya, 1961). Imbibition
injury can be avoided by conditioning (humidifying) the seeds in a moist
atmosphere (close to 100% r.h.) in order to raise seed moisture contents to 16-18%
before the seeds are set to germinate in contact with liquid water (Ellis et al., 1985a).
This conditioning takes about 24 hours or more depending on initial moisture
content (Ellis et al., 1990c) and species (Ellis, 1987). It is suggested that seeds at 8%



SEED STORAGE BEHAVIOUR: A COMPENDIUM 13

moisture content and below, irrespective of species, should routinely either be
humidified before germination tests or germinated on 1% water agar, a technique
used by the Kew Seed Bank.

3.7 Seed development, desiccation tolerance and the potential longevity of
orthodox seeds

There is now considerable evidence that developing and maturing orthodox seeds
do not attain maximum potential longevity until some time after the end of the
seed-filling phase (Kameswara Rao et al., 1991); (Ellis & Pieta Filho, 1992); (Demir &
Ellis, 1992a), (Demir & Ellis, 1992b); (Zanakis et al., 1994); (Ellis et al., 1993a).
Provided seeds have reached the stage in development at which potential longevity
is maximal then desiccation tolerance to low moisture contents (below 5%) will also
be maximal (Ellis & Hong, 1994).

3.8 Ultra-dry seed storage

As a consequence of the research at high temperatures to determine the low
moisture content limit to the seed viability equation (see 3.3), it was suggested that
the maximum longevity of orthodox seeds can be achieved if seeds are dried to
moisture content in equilibrium with 10-12% relative humidity at 20°C and
subsequently stored, preferably at —-18°C, hermetically at this moisture content (Ellis
et al., 1989). The effect of desiccation to very low moisture contents was first
examined carefully in sesame (Sesamum indicum) seed stored hermetically at 50°C,
in which it was shown that reducing the seed moisture content from 5 to 2%
increased longevity 40-fold; this effect on longevity in sesame is equivalent to that
of reducing the storage temperature from +20 to -20°C (Ellis et al., 1986). As a
consequence, it was proposed that in order to provide maximum longevity of
orthodox seeds in genebanks where refrigeration to -18°C cannot be provided,
seeds should be dried to moisture contents in equilibrium with 10-12% r.h. at 20°C
and subsequently be stored hermetically at ambient or (preferably) cooler
temperatures (Ellis et al., 1989). This low-technology approach to genebanking has
been described by some as “ultra-dry” seed storage (IBPGR, 1992).

This proposal was questioned by Vertucci and Roos (Vertucci & Roos, 1990).
They published evidence and theoretical arguments to suggest that ultra-dry seed
storage could be dangerous, and proposed that moisture content levels in
equilibrium with 19-27% r.h. are optimal for seed longevity. The main
experimental results they presented initially were results of vigour (not longevity)
of seeds of five orthodox species after 2 or 3 months of storage at 35°C (Vertucci &
Roos, 1990).

Both groups of researchers have since published further results and
arguments in support of their respective views: ultra-dry seed storage is either
viewed as potentially damaging (Vertucci & Roos, 1991), (Vertucci & Roo0s,
1993a), (Vertucci & Roos, 1993b); (Vertucci et al., 1994a), or a useful approach in
circumstances where refrigeration is unavailable (Ellis et al., 1991c), (Ellis et al.,
1993Db), (Ellis et al., 1995), (Ellis et al., 1996). There are also a few publications on
ultra-dry seed storage which are independent of these two research groups
(Cheng et al., 1990); (Smith, 1992); (Steiner & Ruckenbauer, 1995) to which the
reader is also referred. The discussions in all these papers emphasise that we
do not know the most suitable moisture content(s) for seed storage (i.e. that at
which longevity is maximal) at cool temperatures, or the extent to which these
values might vary with temperature. Nevertheless experience shows that the
longevity of orthodox seeds stored under IBPGR preferred conditions for long-
term storage is considerable. Evidence is also beginning to emerge that the
ultra-dry storage of cereals (at least) at ambient temperatures results in
considerable longevity: Steiner and Ruckenbauer (Steiner & Ruckenbauer,
1995) reported 90% germination of barley (Hordeum vulgare) seeds after 110
years of ultra-dry storage at 10-15°C.
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3.9 Factors influencing desiccation tolerance in orthodox seeds

Desiccation tolerance to very low levels of moisture content, at least to those in
equilibrium with about 10-12% r.h., is one of several criteria which enable species
with orthodox seed storage behaviour to be identified. Disregarding factors which
influence desiccation tolerance could therefore result in the mistaken classification
of seed storage behaviour.

3.9.1 Effect of maturation drying

Orthodox seeds do not tolerate desiccation at all stages of their development and
maturation. For example, the change from desiccation intolerance to desiccation
tolerance has been reported to occur about halfway through seed development in
Phaseolus vulgaris (Dasgupta et al., 1982) and Sinapis alba (Fischer et al., 1988). In six
grain legumes, the onset of desiccation tolerance to about 10% moisture content
occurred when maturation drying had reduced seed moisture content on the
mother plant to about 60% (Ellis et al., 1987); this coincided more or less with the
end of the seed-filling phase, defined as physiological maturity by Shaw and
Loomis (Shaw & Loomis, 1950), but now termed mass maturity (Ellis & Pieta Filho,
1992).

Immature seeds of Norway maple (a species which shows orthodox seed
storage behaviour) harvested at 68% moisture content, i.e. before mass maturity, are
damaged by desiccation, particularly below 20% moisture content (Fig. 4). Seeds
harvested at mass maturity (54% moisture content, 24 September) tolerated
desiccation to 12-15% moisture content, but further desiccation reduced viability.
The developing seeds did not attain desiccation tolerance to very low moisture
content (3%) until 3-4 weeks after mass maturity (31 October) when maturation
drying had reduced seed moisture content on the mother plant to about 27-30%
(Hong & Ellis, 1990), (Hong & Ellis, 1992a). Similarly, the achievement of
maximum desiccation tolerance to low (4%) moisture content in a japonica rice
(Oryza sativa) did not occur until some 2-3 weeks after mass maturity, when
maturation drying on the mother plant had naturally reduced seed moisture
content to levels below 32% (Ellis & Hong, 1994).
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Fig. 4. Effect of rapid enforced desiccation to different moisture contents on the
germination of three seed lots of Norway maple (Acer platanoides) harvested at different

stages of development in 1991. Seeds were harvested on 3 September (t), 24 September (?)
and 31 October (t). From (Hong & Ellis, 1992a).

These instances, however, should not be regarded as a generalization. The
development of ability to tolerate desiccation to very low moisture content may
occur at different developmental stages in different species, and may also be
influenced by the seed-production environment. One important difference among
species may be that of seed moisture content at seed or fruit shedding or harvest
maturity. For example, seeds of the tomato (Lycopersicon esculentum) and sweet
pepper (Capsicum annuum), both of which show orthodox seed storage behaviour,
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attain desiccation tolerance when seed moisture is reduced naturally during
maturation drying to 52-55%; their fruits are ripe when seed moisture content is
about 42-48% (Demir & Ellis, 1992a), (Demir & Ellis, 1992b). An example where an
effect of seed production environment on the development of desiccation tolerance
to low moisture contents has been detected is rice (Ellis & Hong, 1994); seeds of a
japonica rice produced in a cool environment of 28/20°C (day/night temperatures)
showed consistently greater desiccation tolerance at each stage of maturation
drying than those produced at 32/24°C.

3.9.2 Desiccation sensitivity of germinating orthodox seeds

It is widely believed that once orthodox seeds begin to germinate, they then begin
to lose desiccation tolerance and become more sensitive to desiccation if
germination is allowed to progress (Nemmer & Luyet, 1954); (Sun, 1958);
(Akalehiywot & Bewley, 1980); (McKersie & Stinson, 1980); (McKersie & Tomes,
1980); (Dasgupta et al., 1982); (Senaratna & McKersie, 1983); (Koster & Leopold,
1988). However, it is also important to note that both desiccation tolerance to very
low moisture contents and potential longevity can be reduced by short-duration
imbibition treatments, including sometimes those which do not result in visible
germination (i.e. radicle emergence) (Hong & Ellis, 1992b).

3.9.3 Reduction of desiccation tolerance by seed treatments

From the evidence presented above, there is some possibility that any treatment to
seeds involving high seed moisture content before storage may reduce desiccation
tolerance. Presoaking, even for as few as 3 hours, has deleterious effects on the
ultrastructure of rye (Secale cereale) embryos when dehydrated to their initial
moisture content (Sargent et al., 1981). Similarly, mung bean which had been
imbibed for 8 hours lost 5% viability when dried back to between 4.3 and 6.4%
moisture content, despite no seeds germinating during this imbibition treatment
(Hong & Ellis, 1992b).

Cold moist storage (stratification) methods have commonly been practised as a
method for short-term storage when dealing with very dormant seeds of trees and
shrubs. For example, the benefit of moist storage at low temperatures of 3-5°C for
orthodox seeds of temperate species (e.g. Fagus, Fraxinus, Liriodendron, Magnolia,
Prunus) (Schopmeyer, 1974a); (Young & Young, 1992) is that the seeds are ready to
germinate immediately after storage, while seeds stored air-dry require a long
duration of prechilling before germination will occur. There have been several
reports that reduction in desiccation tolerance and subsequent longevity results
from drying orthodox seeds which have been stored in a moist condition. Haut
(Haut, 1932) reported a deleterious effect of drying after a prechill treatment on the
germination of Prunus seeds, whereas drying before prechilling was not deleterious.
Seeds of beech (Fagus sylvatica) were less tolerant of desiccation if first prechilled
than those which had not been prechilled (Muller & Bonnet-Masimbert, 1989).
Similarly, seeds of barley stored moist at 15°C for 14 days lost 20% viability when
dried to 3.6% moisture content (Hong & Ellis, 1992b).

Seed priming (also known as osmotic priming, and osmo-conditioning), which
aims to promote faster, more uniform seedling emergence (Heydecker, 1977) and
may also prolong longevity in certain species at least (Probert et al., 1991), can also
reduce desiccation tolerance when seeds are dried to low moisture content. For
example, Carpenter and Boucher (Carpenter & Boucher, 1991) reported that
reducing the moisture content of unprimed seed of the orthodox pansy (Viola x
wittrockiana) from 10.5 to 5.8% caused no damage to germination. On the contrary,
germination of primed seed was decreased when dried to moisture content levels
below 10%, and even more so when dried to 5.8% moisture content.

The intermittent hydration-drying method, which is commonly believed to
prolong the longevity of orthodox seeds (Basu & Pal, 1980), can result in loss in
viability rather than its maintenance (Giorgis, 1993).

This summary shows that pretreatments to seeds which involve exposure to
high seed moisture contents run the risk of reducing desiccation tolerance and
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subsequent longevity. It is suggested, therefore, that for long-term storage, i.e. at
low moisture contents and cool temperatures, dormancy-breaking and priming
treatments should not be used before storage unless they have been proven not to
damage desiccation tolerance to low moisture contents and subsequent longevity.
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4. Characteristics of recalcitrant seeds

Recalcitrant seeds cannot be dried without damage and so they cannot conform to
the viability equation which describes relations between longevity and air-dry seed
storage environments (Roberts, 1973). When fresh recalcitrant seeds begin to dry,
viability is first slightly reduced as moisture is lost, but then begins to decline
considerably at a certain moisture content termed the “critical moisture content”
(King & Roberts, 1979), (King & Roberts, 1980a) or “lowest safe moisture content”
(Tompsett, 1984b). If drying continues further, viability is eventually reduced to
zero. Hence, the relationship between ability to germinate when tested following
desiccation (and rehydration) and moisture content is typically S-shaped (Fig. 5). If
germination percentage is plotted on a probability scale, such curves may become
linear (Tompsett, 1986a); (Probert & Longley, 1989); (Pritchard, 1991); (Finch-
Savage, 1992b).

Critical levels of moisture content vary greatly among species (King & Roberts,
1979); (Chin, 1988), and even among cultivars and seed lots (King & Roberts, 1979);
(Chin, 1988). They may also vary with method of drying (Farrant et al., 1985);
(Pritchard & Prendergast, 1986); (Pritchard, 1991). The values of the “lowest safe
moisture content” vary between extremes of 23% for cocoa (Theobroma cacao)
(Mumford & Brett, 1982) and 61.5% for Avicennia marina (Farrant et al., 1986).
Despite great variation in the lowest safe moisture content value among species,
these moisture contents are equivalent to relative humidities of 96-98%, or a seed
water potential of about —1.5 to -5 MPa (Roberts & Ellis, 1989); (Probert & Longley,
1989); (Pritchard, 1991); (Dickie et al., 1991); (Poulsen & Eriksen, 1992); (Tompsett &
Pritchard, 1993), but note that Vertucci and Farrant (Vertucci & Farrant, 1995) have
recently suggested a rather drier value of -11 MPa.

4.1 Factors influencing desiccation sensitivity in recalcitrant seeds

4.1.1 Maturation drying and desiccation tolerance

Desiccation tolerance in recalcitrant seeds increases during seed development on
the mother plant (Fig. 5); however, unlike orthodox seeds, maturation drying to
low moisture contents does not occur (Hong & Ellis, 1990); (Finch-Savage, 1992a);
(Berjak et al., 1993), and fresh recalcitrant seeds have high levels of moisture content
at maturity/shedding, between for example 36% for rubber (Hevea brasiliensis)
(Chin et al., 1981) and 90% for choyote (Sechium edule) (Ellis, 1991).

4.1.2 Desiccation tolerance of excised embryos

Considerable differences in moisture content can be detected among tissues within
a particular recalcitrant seed. For example, Grabe (Grabe, 1989) reported that, with
the exception of durian (Durio zibethinus) and jackfruit (Artocarpus heterophyllus),
storage tissues of recalcitrant seeds are always at a lower moisture content than the
embryonic axis. Desiccation of excised embryos or embryonic axes has considerable
practical potential for in vitro conservation of recalcitrant embryos, since embryos
are able to survive desiccation to lower moisture contents than whole seeds (Chin,
1988). For example, fresh seeds (36% mc) of Hevea brasiliensis tolerated desiccation
to 20% mc but no seeds survived further desiccation to 15% mc (Chin et al., 1981).
However, 50-80% of their excised embryos (55% mc) survived desiccation to 14%
moisture content when cultured in vitro (Normah et al., 1986). Reports of the
survival of excised embryonic axes following exposure to a lower moisture content
than that which the intact seeds can tolerate are several, e.g. (Finch-Savage, 1992b);
(Chandel et al., 1995).

4.1.3 Effect of methods of drying

While there are several reports that fast drying allows intact recalcitrant seeds to
survive desiccation to lower moisture contents than slow drying (Farrant et al.,
1985); (Pritchard, 1991), Finch-Savage (Finch-Savage, 1992b) showed that drying
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rate does not affect the desiccation sensitivity of whole seeds of Quercus robur.
However, fast drying allowed excised embryos of Araucaria hunsteinii, Hevea
brasiliensis, Landolphia kirkii, Quercus robur and Quercus rubra to survive desiccation
to lower moisture contents than similar embryos dried more slowly within intact
seeds (Normah et al., 1986); (Pritchard & Prendergast, 1986); (Pritchard, 1991);
(Pammenter et al., 1991); (Finch-Savage, 1992b). Fu et al. (Fu et al., 1993) reported
that drying excised embryonic axes by silica gel or an aseptic air current allowed
excised embryonic axes to survive desiccation to a lower value than that achieved
by the vacuum method. For example, although the vacuum drying method
provided more rapid drying, no excised embyonic axes of Artocarpus heterophyllus
survived desiccation to 44% moisture content, while the excised embryonic axes
dried with an aseptic air flow and silica gel tolerated desiccation to 26% and 16%
moisture content, respectively (Fu et al., 1993).
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4.2 Longevity of recalcitrant seeds in moist storage

There is no satisfactory method for maintaining the viability of intact recalcitrant
seeds over the long term. This is because they cannot be dried; neither can they be
stored at subzero temperatures because they would be then killed by freezing
injury resulting from ice formation. In addition, some tropical recalcitrant seeds are
also damaged by chilling injury at temperatures of 10-15°C and below. The
longevity of recalcitrant seeds is short, particularly for species adapted to tropical
environments, from a few weeks to a few months (King & Roberts, 1979), (King &
Roberts, 1980a). However, the longevity of seeds of species adapted to temperate
environments can be maintained for much longer periods, e.g. more than 3 years
for oak (Quercus spp.) seeds stored moist at —-3°C (Suszka, 1971-1974).

In practical terms, species with recalcitrant seeds can therefore be subdivided
into those of tropical origin, and those adapted to temperate climates (temperate
latitudes, or high altitudes in the tropics); the latter can be stored at cooler
temperatures and for longer. This subdivision tallies with the classification of
Bonner (Bonner, 1990).

The principle of successful moist seed storage for recalcitrant seeds is to
maintain seeds at moisture content levels close to that at which they are shed with
continuous access to oxygen, because under these circumstances seed deterioration
is minimized since repair mechanisms operate (Villiers, 1975). Clearly, it is also
essential that the conditions should prevent or at least delay germination. The use
of germination inhibitors (Goldbach, 1979b); (Edwards & Mumford, 1983) or cool
temperatures (provided the seeds are not damaged by chilling) can be effective.

In general, the viability of recalcitrant seeds can be maintained (albeit only for
limited periods in aerated conditions) at moisture contents just less than fully
imbibed, i.e. at (or perhaps just below) that value at which the seeds are shed, or in
equilibrium with 98-99% r.h., at optimum storage temperatures which vary from
about 7 to 17°C among species of tropical origin, and between about -3 and 5°C
among those adapted to temperate climates.

Maintaining recalcitrant seeds fully imbibed or subimbibed, with
continuous aeration and at the same time preventing germination and fungal
contamination is difficult. Aeration can result in loss in seed moisture and
respiration can quickly deplete oxygen. The storage medium is therefore very
important for recalcitrant seeds. The storage medium should fulfil two
functions:; first, maintain seed moisture constant at high values; second, allow
diffusion of sufficient oxygen to the moist seeds. The storage of moist
recalcitrant seeds in damp charcoal, sawdust, or moist sand is generally
reported to be more efficient than storage in polyethylene bags (Schaefer,
1990a).

4.3 Cryopreservation of excised embryos

Cryopreservation of somatic and zygotic embryos has been reported to be
successful for many species which show orthodox, intermediate and recalcitrant
seed storage behaviour (Engelmann et al., 1995b).

For successful cryopreservation, excised embryos must survive desiccation
below the threshold freezable moisture content (Hor et al., 1990) of about 18-33%
(Table 1), below which value there is no freezable water for ice formation by ultra-
low temperatures. For example, embryonic axes of Aesculus hippocastanum survived
desiccation to 12% moisture content and subsequent cryostorage in liquid nitrogen
(Pence, 1992). Similarly, 40% of excised embryonic axes of longan (Dimocarpus
longan) survived both desiccation to 18% moisture content and subsequent storage
for 24 hours in liquid nitrogen (Fu et al., 1993).

Unfortunately, embryos of many recalcitrant seeds are damaged by desiccation
before seed moisture content is reduced to those values at which ice crystallization
occurs (Table 1). Thus, the cryopreservation of excised embryos of these species results
in death, either due to ice formation at moisture content levels above the threshold
freezable level or by desiccation to moisture content levels below the threshold freezable
moisture content (Hor et al., 1990). Method of drying, rate of drying (see 4.1.3) and the
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pretreatment of embryos with cryoprotectants, such as DMSO, proline, sucrose, and
glycerol (Chin, 1989); (Pence, 1991b); (Assy-Bah & Engelmann, 1992) are important
factors influencing the survival of excised embryos (or embryonic axes) in liquid
nitrogen.

Table 1. Comparison of the threshold embryo (or * embryonic axis) moisture contents
above which ice crystallization occurs at ultra-low temperatures, and below which loss
in viability occurs.

Threshold embryo moisture content
(%, w.b.) for:

Species ice desiccation Reference
crystallization damage

Acer saccharinum 32 40 (Becwar et al., 1983)

21* 30* (Pammenter et al., 1993)
Aesculus 24* 31* (Pammenter et al., 1993)
hippocastanum 12-29% (Pence, 1992)

Hor et al. 1990
Artocarpus 33 43 (
heterophyllus 18" ogt (Pammenter et al., 1993)
Avicennia marina 21* 2% (Pammenter et al., 1993)
Castanospermum 3% 50* (Pammenter et al., 1993)
australe
Durio zibethinus 32 54 (Hor et al., 1990)
Landolphia kirkii 22-27* 25 (fast drying),  (Pammenter et al., 1991)
52 (slow drying)’

Litchi chinensis 23* 42* (Pammenter et al., 1991)
Nephelium lappaceum 3, 39 (Hor et al., 1990)
Welfia sp. 22* 64* (Pammenter et al., 1993)

Results reported for the following species have shown the feasibility of the
cryopreservation of excised embryos or embryonic axes of recalcitrant seeds:
Aesculus spp. (Pence, 1990), (Pence, 1992), Araucaria hunsteinii (Pritchard &
Prendergast, 1986), Artocarpus heterophyllus Krishnapillay (Krishnapillay, 1989) cited
by (Engelmann et al., 1995b), (Chandel et al., 1995), Castanea sativa (Pence, 1990),
(Pence, 1992), Coffea liberica (Normah & Vengadasalam, 1992); (Hor et al., 1993),
Cocos nucifera (Chin et al., 1988); (Assy-Bah & Engelmann, 1992), Dimocarpus longan
(Fu et al., 1990); (Fu et al., 1993), Hevea brasiliensis (Normah et al., 1986), Landolphia
kirkii (Vertucci et al., 1991), Quercus spp. (Pence, 1990), (Pence, 1992); (Jorgensen,
1990); (Gonzalez-Benito & Perez-Ruiz, 1992) and Theobroma cacao (Pence, 1991b).
However, these approaches remain ‘experimental’ and genebanks wishing to apply
such approaches should contact IPGRI for advice.
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5. Characteristics of intermediate seeds

For the majority of species, it used to be a comparatively simple matter to classify
seed storage behaviour as either orthodox or recalcitrant in accordance with
Roberts’ definitions, and it was also convenient because long-term seed storage for
plant genetic conservation was feasible for the former category only. Of course,
mistakes in classification occurred on occasion, but gradually evidence also began to
accumulate that these two categories did not account satisfactorily for all
observations on seed storage behaviour. For example, Teng and Hor (Teng & Hor,
1976) showed that seeds of both star fruit (Averrhoa carambola) and papaya (Carica
papaya) withstood desiccation to around 10-12% moisture content and could be
stored successfully in hermetic containers at these moisture content levels.
However, in contrast to orthodox seeds, they lost viability much more rapidly in
air-dry storage at 0°C than at warmer temperatures of 12-21°C. Thereafter,
Tompsett (Tompsett, 1984a), (Tompsett, 1984b) showed that the longevity of seeds
of Araucaria columnaris was increased in air-dry storage by reduction in storage
temperature or moisture content, but only within limited ranges, because viability
was reduced with desiccation below about 12% moisture content. In both these
cases, then, it was clear that the seeds could be stored in certain air-dry
environments successfully but their behaviour did not satisfy the definition of
orthodox seed storage behaviour provided by Roberts (Roberts, 1973).

This topic has now been investigated extensively, initially with seeds of arabica
coffee (Coffea arabica), using a factorial combination of several storage temperatures
and moisture content levels. The research has shown that seeds of arabica coffee
(Ellis et al., 1990a), (Ellis et al., 1991a); (Hong & Ellis, 1992c¢), robusta coffee (Coffea
canephora) (Hong & Ellis, 1995), oil palm (Elaeis guineensis) (Ellis et al., 1991d),
papaya (Carica papaya) (Ellis et al., 1991b) and several Citrus species (Hong & Ellis,
1995) show a type of seed storage behaviour intermediate between the orthodox
and recalcitrant categories defined by Roberts (Roberts, 1973). The essential feature
of intermediate seed storage behaviour is that the negative relation between seed
longevity in air-dry storage and moisture content is reversed (i.e., the relation
becomes positive) at values below those in equilibrium (at 20°C) with about 40-50%
r.h. This type of seed storage behaviour is also found in many other species.

The main feature of intermediate seed storage behaviour described above is
often (but not always) also associated with damage immediately after desiccation to
a relatively low moisture content, about 7-12% moisture content depending on
species (Fig. 6). The critical levels of moisture content of intermediate seeds below
which more rapid loss in viability occurs during hermetic storage and/or viability is
lost immediately after desiccation, varies considerably with species, degree of
maturity and the method of seed extraction or handling. In general, seeds which
are extracted at maturity tolerate desiccation to moisture contents in equilibrium
with about 40-50% r.h., i.e., about 10% moisture content for arabica coffee and 7%
moisture content for Citrus spp. Another feature of intermediate seeds of tropical
origin is the fact that the longevity of dry seeds (7-10% moisture content) is reduced
with reduction in storage temperature below about 10°C (Ellis et al., 1990a), (Ellis et
al., 1991a), (Ellis et al., 1991b), (Ellis et al., 1991d); (Hong & Ellis, 1992c). In such
cases, then, there is an optimum air-dry storage environment for the maintenance of
seed viability. In arabica coffee this is about 10°C with 10-11% moisture content
(Hong & Ellis, 1992c). Moreover, although increase in seed storage moisture
content and temperature above these values reduces longevity, it is by no means
certain that these relations conform to the seed viability equation for orthodox seeds
(Hong & Ellis,, unpublished).

From the point of view of optimum air-dry seed storage environments, it may
be helpful to distinguish between species with intermediate seed storage behaviour
adapted to tropical environments and those adapted to temperate environments
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(including high altitudes in the tropics). For example, intermediate seeds of tropical
origin such as arabica coffee (Wellman & Toole, 1960); (Bendana, 1962) and papaya
(Bass, 1975) can be stored at moisture contents in equilibrium with 50% r.h. (9-10%
moisture content) and 10°C for up to 5 and 6 years, respectively, without loss in
viability. The viability of intermediate seeds of temperate origin is also maintained
well at moisture contents in equilibrium with about 50% r.h. but at cooler
temperatures of 5 to —20°C. For example, wild rice (Zizania palustris) seeds can be
maintained in hermetic storage at -2 or 3°C with 9-11.5% moisture content for 9-12
months without loss in viability (Oelke & Stanwood, 1988); (Oelke et al., 1990), or at
-18°C with 5.4-6.8% moisture content for 15-16 months for embryonic axes, with
loss in viability limited to about 11-15% (Berjak et al., 1994).

Seed maturity also affects desiccation tolerance in intermediate seeds. For
example, seeds of arabica and robusta coffee extracted from fruits of intermediate
maturity (yellow) were able to tolerate greater desiccation than those from either
ripe (red) or immature (green fruits) (Ellis et al., 1991a); (Hong & Ellis, 1995) (Fig. 6).
The method of seed extraction and handling may also influence desiccation
tolerance. For example, seeds of arabica coffee imbibed at 30°C for 3-10 days
showed greater sensitivity to desiccation (Ellis et al., 1991a). It is suggested that
seed-processing methods involving high seed moisture contents, e.g. soaking,
fermentation, moist storage and storage in cold water (e.g. Zizania), will tend to
reduce subsequent desiccation tolerance and seed longevity in intermediate seeds
(Hong & Ellis, 1992c).
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Fig. 6. Desiccation sensitivity (normal germination, %, versus moisture content, %) in seed
lots of arabica coffee (Coffea arabica) cv. SL28 from Kenya (¥) and South Africa (¥) extracted
from ripe (red) fruits, and seeds extracted at Reading from green (?), yellow (?), or red
fruits (?) from South Africa. From (Ellis et al., 1991a).

Intermediate seeds of species of tropical origin die more rapidly with lowering
of the temperature below about 10°C; in some cases temperatures just below 0°C
kill whole seeds immediately (Ellis et al., 1990a), (Ellis et al., 1991a), (Ellis et al.,
1991b), (Ellis et al., 1991d). Nevertheless, there is some possibility that the
cryopreservation of seeds with intermediate seed storage behaviour may be feasible
with more research. Despite reports of the immediate death of (whole) seeds
following cryostorage in liquid nitrogen, e.g. Coffea arabica (Becwar et al., 1983),
Corylus avellana (Normah et al., 1994), Corylus cornuta (Stanwood & Bass, 1981),
Elaeis guineensis (Grout et al., 1983) and Roystonea regia (Ellis et al., 1991c), there have
been several reports of the survival of seeds of species with intermediate seed
storage behaviour following immersion in liquid nitrogen, e.g. Camellia sinensis (Hu
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et al,, 1993), (Hu et al., 1994), Carica papaya (Becwar et al.,, 1983); (Chin &
Krishnapillay, 1989), Elettaria cardamomum (Chaudhury & Chandel, 1995), Musa
violascens (Chin & Krishnapillay, 1989), Passiflora edulis (Becwar et al., 1983), and
Piper nigrum (Chaudhury & Chandel, 1994).

Since the whole seeds of species which show intermediate seed storage
behaviour tolerate desiccation to relatively low moisture contents (7-10%), excised
embryos may have a greater chance to survive cryostorage in liquid nitrogen than
the recalcitrant seeds. For example, oil palm shows intermediate seed storage
behaviour (Ellis et al., 1991c) but excised embryos of oil palm which had been dried
to 10.4% moisture content showed no loss in viability during 8 months of storage in
liquid nitrogen whereas intact seeds were killed (Grout et al., 1983). Similar results
for excised embryos of oil palm have been reported by others (Hor et al., 1992);
(Engelmann et al., 1995a), (Engelmann et al., 1995b).

Reports of successful cryostorage of excised embryos of Camellia sinensis
(Chaudhury et al., 1990), (Chaudhury et al., 1991); (Wesley-Smith et al., 1992);
(Chandel et al., 1993), (Chandel et al., 1995), Citrus sinensis (Radhamani & Chandel,
1994), Coffea arabica (Abdelnour-Esquivel et al., 1992b), Corylus avellana (Pence,
1990); Gonzalez-Benito & Perez, 1994); (Normah et al., 1994); (Reed et al., 1994),
Howea forsteriana (Chin et al., 1988); (Chin & Krishnapillay, 1989), Musa spp.
(Abdelnour-Esquivel et al., 1992a), Poncirus trifoliata (Radhamani & Chandel, 1992)
and Veitchia merrilli (Chin et al., 1988); (Chin & Krishnapillay, 1989) have shown
some potential for long-term storage under such conditions.

These comments on the possibility of the cryopreservation of seeds (or embryos)
of species with intermediate seed storage behaviour are indicative of our suspicion
that a concerted future programme of research may enable advice to be developed
for the long-term storage of seeds/embryos for these species. Until then, however,
medium-term storage is likely to be the best that can be achieved, and even then
only in carefully defined and controlled environments.
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6. Factors leading to the misinterpretation of seed storage
behaviour

Roberts et al. (Roberts et al., 1984) recognized at least nine identifiable ways in which
experimental results might be misinterpreted or confounded with other factors so
that orthodox seeds might be wrongly classified as recalcitrant. We list below ten
possible reasons for the misinterpretation of seed storage behaviour.

6.1 Investigations with immature seeds

Immature seeds, e.g. with moisture contents above 60%, can be very sensitive to
damage from desiccation even though the mature seeds show orthodox (Dasgupta
et al., 1982); (Ellis et al., 1987); (Fischer et al., 1988); (Hong & Ellis, 1990); (Hong &
Ellis, 1992a); (Ellis et al., 1993a) or intermediate seed storage behaviour (Ellis et al.,
1991a); (Hong & Ellis, 1995). Similarly, at later stages of seed development such as
at the end of the seed-filling phase, orthodox species may still show damage upon
desiccation to very low levels of moisture content (Fig. 4) (Hong & Ellis, 1992a);
(Ellis et al., 1993a); (Ellis & Hong, 1994). Thus, tests on immature seeds of a species
with orthodox seed storage behaviour could, therefore, result in erroneous
classification as intermediate or recalcitrant. Similarly, the desiccation of immature
seeds of a species with intermediate seed storage behaviour (Fig. 6) may result in
the erroneous classification as recalcitrant. This is a potential problem in tree
species where losses of ripe seeds by wind, insects, animals and pests are common,
or in species in which hardseededness occurs during ripening, and in which losses
are traditionally avoided by premature harvesting (Willan, 1985).

6.2 Delayed harvesting

Delaying harvests beyond harvest maturity may also render seeds sensitive to
damage from desiccation to very low moisture contents. For example, delaying the
harvest of seeds of a japonica rice grown in a hot (stressful) seed production
environment resulted in reduced desiccation tolerance, compared with those
harvested at harvest maturity (Ellis & Hong, 1994). The seeds produced in a hot
environment (i.e. those which aged on the mother plant when harvesting was
delayed in the hot environment) showed certain characteristics similar to those of
intermediate seeds (Ellis & Hong, 1994).

6.3 Seed processing methods

Methods of seed extraction from fruits may also influence desiccation tolerance.
Any method involving long durations of exposure to high seed moisture content at
temperatures at which some progress towards germination (not necessarily visible)
is possible, can increase desiccation sensitivity. Such treatments include prolonged
soaking, fermentation of fleshy fruits, and prolonged durations of temporary
storage of moist or freshly extracted seeds (Hong & Ellis, 1992c).

6.4 Pretreated seeds

In temperate region in particular, seeds of species which exhibit strong dormancy (such
as tree seeds) are commonly stored moist and cool in order to break dormancy
(prechilling) prior to sowing. Such treatments may result in loss in desiccation tolerance
(because germination sensu strictu may occur). Such effects may explain certain reports
of considerable desiccation sensitivity in wild rice (Zizania palustris), since it is a
common practice to store seeds of this species in water at 3°C.

6.5 Improper drying methods

Since the rate of loss of viability in orthodox seeds is a function of time, temperature,
and moisture content (Roberts et al., 1984), inappropriate drying regimes — e.g. the use
of high temperatures, particularly in seeds harvested/shed at high moisture contents —
may result in considerable loss in viability during seed drying.
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6.6 Desiccation tolerance

Despite the fact that the terms orthodox, intermediate and recalcitrant refer to seed
storage behaviour as a whole, there have been many attempts to categorize seed
storage behaviour from results for desiccation tolerance alone. More often than not,
such approaches provide the correct conclusion, but it is possible for such studies to
misclassify seed storage behaviour. The first example of misclassification concerns
the question “How dry is dry?” The second highlights the dificulties already
covered in sections 6.1-6.4.

It is comparatively easy in many climates to dry seeds to 10-15% moisture
content using ambient relative humidity. However, tolerance of desiccation to such
moisture content levels does not necessarily mean that the seeds are orthodox. For
example, seeds of arabica coffee, papaya and oil palm show intermediate seed
storage behaviour and are able to tolerate desiccation to 10-12% moisture content.
This also implies that current catalogues of orthodox seeds which have been
derived from reports of longevity in open storage may include species with
intermediate seed storage behaviour.

Figure 7 provides examples of several patterns of desiccation tolerance.
Determining desiccation tolerance in this way (i.e. drying subsamples of seeds to
several different levels of moisture content and then determining seed moisture
content and viability) is far less likely to result in misclassification of seed storage
behaviour than simply drying one subsample down to a single moisture content.
Indeed this sort of approach has been advocated as a preliminary step in a protocol
to determine seed storage behaviour (Hong & Ellis, 1996).

Interpretation of the patterns of response to desiccation shown in Figure 7 by
curves a, ¢ and e is relatively easy: these samples are likely to show orthodox,
intermediate, and recalcitrant seed storage behaviour, respectively. However,
interpretation of the other two curves (b and d) is more likely to result in the
misclassification of seed storage behaviour. Pattern b is found, for example, both in
species with orthodox seed storage behaviour where the seed lot has been harvested
slightly prematurely or has been pretreated (e.g. prechilled), and in some of the best
seed lots of species with intermediate seed storage behaviour. Pattern d is found,
for example, in species with intermediate seed storage behaviour where the seed lot
has been harvested prematurely or has been exposed to high moisture contents for
long periods (e.g. soaking, fermentation, moist storage, prechilling). In other
words, conclusions based on desiccation tolerance alone (particularly if
investigations are limited to a single seed lot) can sometimes be erroneous.

6.7 Short duration viability tests

Fresh seeds of many tropical trees germinate readily during 14-day germination
tests. However, other species’ seeds require much longer to germinate. For
example, seeds of Persoonia comata require one year or more (Fox et al., 1987) and
seeds of Acrocomia sclerocarpa require 2.5 years to germinate (Ellis et al., 1985b).
Furthermore, although fresh seeds may germinate readily, once dried they may be
more difficult to germinate because of hardseededness. This is often observed with
seeds of Leguminosae, Malvaceae, Cannaceae, Rhamnaceae and Tiliaceae (Ellis et
al., 1985b). Unless the hardseededness is overcome, seeds which do not germinate
due to hardseedness could be confounded with dead seeds.

Apart from hardseededness, dormancy is sometimes induced by drying.
Specific treatments are required to remove this dormancy, and the seeds require
more time to germinate. For example, dry seeds of Corylus avellana (Bradbeer,
1968); (Jarvis, 1975), Citrus sp. ,, several genera of the Rosaceae (e.g. Malus, Pyrus,
Prunus) (Ellis et al., 1985b) and Fagus sylvatica (Poulsen, 1993) are much more
difficult to germinate than the fresh seeds, and this has sometimes led to mistaken
classification as recalcitrant.

Young and Young (Young & Young, 1992) collated information of seed
germination of about 386 genera of woody plants in North America, and they
observed that only 40% of these genera contain species whose seeds will germinate



26 HANDBOOKS FOR GENEBANKS NO. 4

readily without pretreatment. The remaining genera (60%) require specific
pretreatments, such as prechilling, warm stratification followed by prechilling, and
scarification. In most cases prolonged durations of germination testing are required
(Young & Young, 1992). Of 7057 wild plant seed collections germinated by the Kew
Seed Bank, 46% required either scarification, stratification or some treatment other
than manipulation of the germination temperature and provision of fluorescent
light for 12 hours/day. According to Soepadmo (Soepadmo, 1989), about 3-10% of
the tree species native to Malaysia possess seeds which require a period of more
than 26 weeks to attain even 50% germination, among which seeds of Anisophyllea
griffithii, Hydnocarpus woodii, and Barringtonia macrostachya require 95, 83 and 65
weeks, respectively, to attain 50% germination. Seeds of about 70% of the tree
species native to Malaysia germinate within 10 weeks; only in the few remaining
species is less than 2 weeks required to achieve 50% germination (Soepadmo, 1989).
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Fig. 7. Three typical patterns of desiccation tolerance (normal germination, %, plotted
against moisture content, % w.b.) are shown for species with orthodox (a), intermediate (c)
and recalcitrant (e) seed storage behaviour. Two further patterns (b and d) are also shown
which may be found in species with orthodox and intermediate seed storage behaviour,
respectively, where the seed lot has been harvested prematurely or too late, or has been
wrongly pretreated (see sections 3.9, 5 and 6.1-6.5). Seeds of some species with recalcitrant
seed behaviour are more intolerant of desiccation than those shown by pattern e. From
(Hong & Ellis, 1996).

6.8. Rapid loss of viability during storage under ambient conditions

Rapid loss in viability during storage under ambient environments does not
necessarily mean that seeds are recalcitrant. For example, seeds of Salix spp. were
reported to lose viability during 2 days of open storage (Campbell, 1980). However,
seeds of 24 species of Salix have been maintained without loss in viability during 3
years in hermetic storage at -19°C with 6-10% moisture content (Zasada &
Densmore, 1977), or 5 years stored over a desiccant at -8°C (Sato, 1955).
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6.9. Quick tests in liquid nitrogen

Dry orthodox seeds at 2-18% moisture content often survive exposure to liquid
nitrogen. A quick method for identifying orthodox seeds, used to some extent, has
been through the determination of survival following short-duration exposures to
liquid nitrogen (from 1 hour to 6 days). However, this method is not always
reliable since both the moisture content and the rate of cooling and rewarming need
to be optimized for survival in each species separately. For example, whole seeds of
Juglans, Prunus and Populus (with orthodox seed storage behaviour) were reported
to be damaged by exposure to temperatures cooler than —40°C (Wang et al., 1994).
Moreover, such quick tests cannot distinguish between orthodox and intermediate
seeds. For example, papaya seeds at 9-10% moisture content survived during 24
hours of exposure to liquid nitrogen (Becwar et al., 1983); (Chin & Krishnapillay,
1989) but papaya shows intermediate seed storage behaviour and seeds stored
hermetically at —20°C with 7.6-9.4% moisture content for 365 days showed 80-90%
loss in viability (Ellis et al., 1991b).

6.10. Imbibition damage to dry seeds

This phenomenon may also be the cause of reports of apparent desiccation
sensitivity in very dry seeds. Imbibition damage is particularly likely when seeds
are soaked in water, as often occurs in tree seedling nurseries for example, but can
also occur in standard laboratory tests (Ellis et al., 1990c). Hence, the desirability of
preconditioning dry seeds at 100% r.h. before germination tests, as recommended in
section 3.6.
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7. Approaches to predict seed storage behaviour

In this section, we describe certain approaches to predict seed storage behaviour in
species for which experimental results are not available.

7.1. Association between plant ecology and seed storage behaviour

Roberts and King (Roberts & King, 1980) suggested that there is an association
between plant ecology and seed storage behaviour. According to this hypothesis,
orthodox species originate from environments subjected to occasional or seasonal
drought in which desiccation tolerance of the seeds is essential for seed survival
which ensures the regeneration of the species. On the other hand, recalcitrant
species tend to originate from moist or aquatic ecosystems in which seeds are
subjected to high humidity during seed development, maturation and after
shedding.

In accordance with this hypothesis, all 115 shrub species of 29 families native to
the Mojave Desert show orthodox seed storage behaviour (Kay et al., 1988), while
seeds of those species of the genus Dipterocarpus, which are native to dry habitats,
show some desiccation tolerance but those species inhabiting moist evergreen areas
tend to be intolerant of desiccation (Tompsett, 1987), (Tompsett, 1992). Similarly,
arabica coffee shows intermediate seed storage behaviour and is native to the dry
and cool regions of Ethiopia, while liberica coffee shows recalcitrant seed storage
behaviour and is native to the hotter and more humid regions of Liberia (Hong &
Ellis, 1995). Dickie et al. (Dickie et al., 1992) also observed that those species within
the Palmae which show orthodox seed storage behaviour are native to dry habitats
whereas those species which show recalcitrant seed storage behaviour are native to
relatively moist habitats. Moreover, although seeds of most oak (Quercus) species
show recalcitrant seed storage behaviour (King & Roberts, 1979), seeds of Q. emoryi,
which is native to savanna, are not recalcitrant (Nyandiga & McPherson, 1992).

From the information on seed storage behaviour that has now been collated for over
7000 species of 251 families (Part Il), it is evident that species which show recalcitrant
seed storage behaviour do not occur naturally in arid habitats, desert and savanna. In
these environments, the majority of plant species show orthodox seed storage
behaviour, while a few may show intermediate seed storage behaviour. It is clear,
however, that further generalizations are not possible. In particular, not all species
native to moist habitats, rain forests, flooded forests or aquatic environments show
recalcitrant seed storage behaviour. Species native to moist environments produce all
three categories of seed storage behaviour. There is perhaps, however, a greater
likelihood of recalcitrant behaviour in species associated with climax vegetation.

While all orthodox seeds, whether tropical or temperate, store best at subzero
temperatures, this is clearly not true of species showing intermediate or recalcitrant
seed storage behaviour, and information on their geographical distribution and
ecology also helps in the determination of optimum storage temperatures. Table 2
shows that there may be an association between the optimum seed storage
temperature and the minimum air temperature at which the plants can survive
without chilling injury. From this observation it appears that the cool temperatures
that cause chilling injury to the growing plants also reduce seed longevity and in
some cases result in almost immediate seed death. In general, fresh (or moist) seeds
of species with intermediate or recalcitrant seed storage behaviour which are
adapted to tropical lowlands tend to show chilling injury at 10-15°C, while seeds of
those adapted to high latitudes or high altitudes are able to tolerate exposure to
cooler temperatures. For example, Sasaki (Sasaki, 1980a) divided Shorea species into
two groups in relation to the effect of storage temperature on seed longevity; seeds
of the Yellow Meranti Group tolerate 4°C, while seeds of the White Meranti, Red
Meranti and Balau Group show chilling injury at 10-15°C. The species listed in the
Yellow Meranti Group by Sasaki (Sasaki, 1980a) are those adapted to high altitudes
(Ashton, 1983).
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Table 2. Optimum seed storage temperature and comments on plant ecology.
References are shown in parentheses. From (Hong & Ellis, 1996).

Seed storage  Optimum Origin and ecology

behaviour temperature

Species

Artocarpus Recalcitrant 15°C (10) Native to SE Asia and Polynesia, dominant
heterophyllus in rain forests of tropical lowlands (13).
Probably 1°C (1)

Camellia . .
intermediate

sinensis

Native to N Burma, grows naturally at
altitudes up to 2000 m (13). The trees can
tolerate subzero temperatures from -5 to
-20°C (14).

Caricapapaya Intermediate  10°C (4) Native to S Mexico and Costa Rica, up to
1700 m altitudes, but the plant does not
withstand frost (13).

Citrus limon Intermediate  5°C (3) Native to drier monsoon areas of SE Asia
(13); the tree can withstand light frost (13),
or even —-10°C for short periods (21).

Coffea arabica  Intermediate  10°C (11) Native to highlands of 1300-1900 m altitudes
of Ethiopia, where climate is dominated by
4-5 months of dry season with extreme
temperatures of 4 and 31°C (8). The tree
cannot survive at 0°C (13), but can survive
2°C for 6 hours (7), and 4°C for longer
periods (5, 8).

Dipterocarpus Probably 14°C (16) Native to evergreen tropical lowland rain
baudii recalcitrant forests of SE Asia, where annual rainfall is
about 2000 mm (2).

Dipterocarpus  Intermediate  2°C (18) to Native to dry dipterocarp forests of savanna
intricatus 6°C (17) zones of SE Asia, naturally grown at
altitudes up to 1400 m (2).

Hevea Recalcitrant 7°-10°C (6) Native to Amazon basin, in evergreen

brasiliensis tropical lowland rainforests, with annual
rainfall of 2000-4000 mm. Despite tropical
lowland origin, the plant can tolerate low
temperatures; winter injury observed only
when temperature is 4 — 5°C, and some
clones can withstand —1°C (19).

Mangifera Recalcitrant 15°C (9) Native to rain forests of Indo-Burma, India;

indica naturally grown from lowland to altitudes
of 1300 m (13). The plant is killed by 2°C,
and can tolerate extreme temperatures of 5 -
10°C and 43°C for short periods (15).

Theobroma Recalcitrant 15°C (12) Understorey trees of tropical rain forests of

cacao S America. They are also grown at 1300 m
altitude in the Venezuelan Andes (13). Low
temperature limit for cocoa growing is a
mean monthly minimum of 15°C, and an
absolute minimum of 10°C (20).

References: (1) (Amma & Watanabe, 1983); (2) (Ashton, 1983); (3) (Barton, 1943); (4) (Bass, 1975); (5)
(Bauer et al., 1990); (6) (Beng, 1976); (7) (Cambrony, 1992); (8) (Coste, 1992); (9) (Fu et al., 1990); (10)
(Hanson, 1984); (11) (Hong & Ellis, 1992c¢); (12) (Mumford & Brett, 1982); (13) (Purseglove, 1968); (14)
(Sakai & Hakoda, 1979); (15) (Singh, 1968); (16) (Tamari, 1976); (17) (Tompsett, 1987); (18) (Tompsett,
1992); (19) (Webster & Baulkwill, 1989); (20) (Wood, 1973); (21) (Yelenosky, 1978).
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Table 3. Association between fruit and seed characteristics, and seed
storage behaviour (O for Orthodox, Orthodox p, and Orthodox?; | for
Intermediate and Intermediate?; and R for Recalcitrant and Recalcitrant?
seed storage behaviour. See Part IB, Introduction).

Type of
fruit

No. and
characters
of seeds

Seed
Families storage
behaviour

Achene

Acorn

Berry

Capsule

Caryopsis

1-seeded
nut

1 to many
seeds, seeds
dry or
arillate

1to 10
seeds

1 to many

seeds, dry
or arillate

1 large seed

Alismataceae, Amaranthaceae, Compositae, @)
Coriaricaceae, Cyperaceae, Elaeagnaceae,
Platanaceae, Plumbaginaceae, Polygonaceae,
Ranunculaceae, Rosaceae, Urticaceae,

Valerianaceae

Fagaceae O,R

Actinidiaceae, Araliaceae, Asparagaceae, o
Berberiaceae, Bromeliaceae, Cactaceae,
Campanulaceae, Capparaceae,

Caprifoliaceae, Ericaceae, Euphorbiaceae,
Grossulariaceae, Liliaceae, Ranunculaceae,
Solanaceae, Taxaceae, Vitaceae

Caricaceae, Musaceae, Passifloraceae, o,
Piperaceae

Cucurbitaceae, Guttiferae, Lauraceae, O,R
Myrtaceae

Ebenaceae, Meliaceae, Rutaceae O, ILR

Rhizophoraceae R
Acanthaceae, Agavaceae, Aizoaceae, @)
Alliaceae, Amaranthaceae, Begoniaceae,
Bignoniaceae, Bromeliaceae, Buddlejaceae,
Campanulaceae, Cannaceae, Capparaceae,
Caprifoliaceae, Caryophyllaceae, Cistaceae,
Clethraceae, Commelinaceae,
Convolvulaceae, Crassulaceae,
Dioscoreaceae, Elatinaceae, Ericaceae,
Gentiaceae, Gesneriaceae, Grossulariaceae,
Guttiferae, Haemodoraceae,
Hamamelidaceae, Hyacinthaceae,
Hydrophyllaceae, Iridaceae, Juncaceae,
Liliaceae, Linaceae, Lythraceae, Malvaceae
(one exception), Myrtaceae, Oleaceae,
Onagraceae, Oxalidaceae, Papaveraceae,
Pedaliaceae, Plantaginaceae, Polemoniaceae,
Portulacaceae, Primulaceae, Tamaricaceae,
Tiliaceae, Proteaceae, Ranunculaceae,
Resedaceae, Rhamnaceae, Rubiaceae,
Rutaceae, Salicaceae, Sapindaceae,
Saxifragaceae, Scrophulariaceae,
Simmondsiaceae, Solanaceae, Tiliaceae,
Violaceae
Bixaceae, Celastraceae, Meliaceae,
Orchidaceae
Bombacaceae, Euphorbiaceae
Theaceae
Hippocastanaceae
Gramineae O (with 3
exceptions)

, R
IR

OO O
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Type of No. and Seed
fruit characters Families storage
of seeds behaviour
Cone dry seeds Cupressaceae, Cycaceae, Pinaceae, o
Taxodiaceae
dry or Araucariaceae, Podocarpaceae O, ILR
arillate
seeds
Drupe 1 to many Aquifoliaceae, Araliaceae, Boraginaceae, o
small seeds  Caprifoliaceae, Combretaceae, Cornaceae,
Ericaceae, Moraceae, Myoporaceae,
Myricaceae, Rhamnaceae, Rosaceae
1to5seeds, Anacardiaceae, Guttiferae, Lauraceae, O,R
usually Myristaceae, Sapindaceae, Sterculiaceae
arillate
Meliaceae, Palmae, Rubiaceae O, ILR
Follicle Asclepidiaceae, Butomaceae, Crassulaceae, o
Juncaginaceae, Magnoniaceae, Proteaceae,
Ranunculaceae, Rosaceae
Apocynaceae, Sterculiaceae O,R
Nut 1 to many Betulaceae, Casuarinaceae, Chenopodiaceae, O
seeds Juglandaceae, Nelumbonaceae
1 seed Corylaceae, Fagaceae, Proteaceae O, LR
Nutlet 1 to many Boraginaceae, Labiatae, Moraceae @)
small seeds
Pod many small  Leguminosae, Moringaceae @)
seeds
1to 5 large Leguminosae O,R
seeds
Pome morethan1l Rosaceae o
Samara Eucommiaceae, Magnoliaceae, Oleaceae, o
Ulmaceae
Aceraceae O, LR
Schizocarp Geraniaceae, Malvaceae, Umbelliferae O
Siliqua, Cruciferae O (with
silicula one
exception)
Utricle Basellaceae, lllecebraceae O




32 HANDBOOKS FOR GENEBANKS NO. 4

7.2. Association between taxonomic classification and seed storage
behaviour

In general, species in the Chenopodiaceae, Combretaceae, Compositae, Labiatae,
Solanaceae and Pinaceae are very likely to exhibit orthodox seed storage behaviour,
while species in the Rhizophoraceae (in which vivipary predominates) are very
likely to be recalcitrant. Species within the Leguminosae, Gramineae,
Cucurbitaceae, Cruciferae and Rosaceae show orthodox seed storage behaviour, but
with several notable exceptions. On the other hand, it appears that no member of
the Dipterocarpaceae shows orthodox seed storage behaviour, most show
recalcitrant, and a few intermediate, seed storage behaviour. Similarly, although all
members of the Sapotaceae were thought to be recalcitrant, some, in fact, show
recalcitrant and others intermediate seed storage behaviour. All three categories of
seed storage behaviour can be found among the members of Meliaceae. See also
Appendix .

Seed storage behaviour can also differ among species within a genus, e.g. most
species in the genus Acer are orthodox but there are some that are not. Tompsett
(Tompsett, 1983a) suggested that differences in desiccation tolerance among
Araucaria species could be geographical and taxonomic in origin; e.g. A. angustifolia
and A. araucana from South America and A. bidwillii from Australia in the
Colymbea section of Araucaria mostly show recalcitrant seed storage behaviour,
whereas species such as A. heterophylla, A. cunninghamii, A. columnaris and the
numerous New Caledonian species in the Eutacta section are rather more tolerant
of desiccation.

7.3. Association between plant, fruit, or seed characters and seed storage
behaviour

Table 3 summarizes information on fruit and seed characteristics in relation to seed
storage behaviour. It is clear from that summary that certain generalizations are
possible. For example, orthodox seed storage behaviour is shown by species which
produce achenes, many-seeded berries, many-seeded dehiscent capsules, many dry-
seeded pods (but not arillate), many dry-seeded follicles, schizocarps and utricles.
Most species which produce siliques (one known exception is Wasabia spp.) and
caryopses (three known exceptions are Porteresia coarctata, Spartina spp. and Zizania
spp.) also produce orthodox seeds. On the other hand, all three categories of seed
storage behaviour can be found among the species which produce drupes
containing 1-4 seeds or many arillate seeds; pods containing 1-5 large seeds or
many arillate seeds; berries containing 1-10 seeds; capsules containing 1-5 seeds,
and single-seeded nuts. In particular, and in contrast to some views, not all single-
seeded nuts show recalcitrant seed storage behaviour.

The arillate character, present in seeds with short life spans in open storage, is
not associated with seed storage behaviour; this characteristic is present in species
which produce orthodox, intermediate and recalcitrant seeds.

The deciduous character is a mechanism by which plants avoid damage from
either drought or cold. This character is not associated with desiccation tolerance in
the seeds, but may be associated with chilling tolerance. For example, seeds of the
deciduous rubber tree (Hevea brasiliensis) are recalcitrant, but despite the tropical
lowland origin, the seeds are best stored at 7-10°C (Beng, 1976). Seeds of deciduous
Dipterocarps (e.g. Dipterocarpus alatus, D. intricatus, D. obtusifolius, D. tuberculatus)
can tolerate cool temperatures, as low as 6°C, while seeds of evergreen Dipterocarps
must be stored at 10-15°C or warmer to avoid damage (Tompsett, 1992).

7.4. Association between seed size and storage behaviour

Seed size alone does not determine seed storage behaviour. Nevertheless, typically
recalcitrant seeds do tend to be larger than intermediate seeds, which in turn do
tend to be larger than orthodox seeds. Figure 8 gives some indication of the
association between thousand-seed weight (TSW, g) and seed storage behaviour
among species within a genus (Acer), and among genera within select families. A
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wider sample might change the overall picture. The heaviest TSW recorded for
orthodox seeds are 6300 g in Hardwickia pinnata Roxb. (Leguminosae) and 5000-
8000g (at 10% moisture content) in cashew (Anacardium occidentale L.)
(Anacardiaceae). If cashew is harvested at the end of the seed-filling phase, the
fresh nut weight will be 13 g/nut (ca. 45% moisture content). Therefore species
which produce seeds with TSW >13000g are unlikely to show orthodox seed
storage behaviour. On the other hand, seeds with TSW between 30 and 13 000 g
may show orthodox, intermediate or recalcitrant seed storage behaviour, and so
seed size per se provides no indication of seed storage characteristics within this
range. Similarly although species with smaller seeds (TSW <25 g) are likely to show
orthodox seed storage behaviour, there are sufficient exceptions (e.g. intermediate
seed storage behaviour within Orchidaceae and Wasabia japonica within Cruciferae)
to indicate that this generalization is based on probability and is not prescriptive.

7.5. Association between seed moisture content at maturity (harvest maturity
in crops) or shedding (wild species) and seed storage behaviour

Figure 9 shows information on the moisture content of seeds at maturity in crops
(typically harvest maturity) or at shedding in wild species (termed MCS, seed
moisture content at shedding) for selected species showing orthodox, intermediate
or recalcitrant seed storage behaviour. While some discrimination is apparent
within Figure 9, there is also considerable overlap. For species with recalcitrant
seed storage behaviour these moisture contents are distributed between 36 and 90%,
for intermediate between 23 and 55%, and for orthodox between <20 and 50%.
Thus, it appears that seeds shed at moisture contents above 60% (w.b.) are likely to
show recalcitrant seed storage behaviour, and that those shed or harvested at
moisture contents of around 20% or below are very likely to show orthodox seed
storage behaviour. However, while species with MCS <35% may not show
recalcitrant seed storage behaviour, if MCS is between about 25 and 55% then no
generalization is possible. It should, however, be clear that as more data become
available this picture may change.

7.6. The use of several criteria combined to indicate likely seed storage
behaviour
In sections 7.1-7.5 we have shown that most generalizations on probable seed
storage behaviour based on a single criterion are subject to rather too many
exceptions to be helpful. Nevertheless, it may be possible to develop a multiple-
criteria predictive framework to suggest seed storage behaviour. In Figure 10 we
have combined information on seed weight, seed moisture content at shedding and
seed storage behaviour. In this presentation all species which combine a TSW of
2500 g and below with MCS of 23% and below (below and to the left of the dotted
line) show orthodox seed storage behaviour, while those at the combinations of
weights and moisture contents at shedding greater than those shown by the broken
line show recalcitrant seed storage behaviour. However, evidence of all three types
of seed storage behaviour can be detected between the two lines shown in
Figure 10.

Clearly, while the development of a multiple-criteria decision framework for
seed storage behaviour is worth pursuing, it will be necessary to involve more than
two criteria in such schemes.
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Fig. 8. Distribution of thousand-seed weight (TSW, g) for 92 species within 27 genera of 5
families. Circles indicate orthodox (including orthodox p and orthodox?; see Part IB,
Introduction), triangles intermediate (including intermediate?), and squares recalcitrant
(including recalcitrant?) seed storage behaviour. TSW values are from Part Il. Aceraceae: 1,
Acer rubrum; 2, A. spicatum; 3, A. sieboldianum; 4, A. rufinerve; 5, A. ginnala; 6, A.
pensylvanicum; 7, A.japonicum; 8, A. negundo; 9, A. tataricum; 10, A saccharum; 11, A.
palmatum; 12, A. campestre; 13, A. macrophyllum; 14, A. platanoides; 15, A. pseudoplatanus; 16,
A. saccharinum. Araucariaceae: 17, Agathis australis; 18, Agathis robusta; 19, Agathis
macrophylla; 20, Araucaria cunninghamii; 21, A. scopulorum; 22, A. rulei; 23, A. columnaris; 24,
A. hunsteinii; 25, A. heterophylla; 26, A. araucana; 27, A. angustifolia; 28, A. bidwilli.
Dipterocarpaceae: 29, Dipterocarpus intricatus; 30, D. tuberculatus; 31, D. turbinatus; 32, D.
crinitus; 33, D. baudii; 34, D. alatus; 35, D. zeylanicus; 36, D. obtusifolius; 37, D. pilosus; 38,
Hopea helferi; 39, H. odorata; 40, H. wightiana; 41, Shorea acuminata; 42, S. parviflora; 43, S.
leprosula; 44, S. dasyphylla; 45, S. bracteola; 46, S. pauciflora; 47, S. ovalis; 48, S. macroptera; 49,
S. assamica; 50, S. platyclados; 51, S. roxburghii; 52, Anisoptera glabra; 53, Balanocarpus heimii;
54, Dryobalanops aromatica; 55, Dryobalanops oblongifolia; 56, Parashorea densiflora; 57, Vatica
sp. Fagaceae: 58, Nothofagus obliqua; 59, N. procera; 60, Fagus sylvatica; 61, Fagus grandifolia;
62, Castanopsis sempervirens; 63, Castanopsis chrysophylla; 64, Lithocarpus densiflorus; 65,
Castanea dentata; 66, C. mollissina; 67, C. crenata; 68, C. sativa; 69, Quercus vaccinifolia; 70, Q.
falcata; 71, Q. emoryi; 72, Q. velutina; 73, Q. serrata; 74, Q. robur; 75, Q. rubra; 76, Q. borealis;
77, Q. alba; 78, Q. acutissima; 79, Q. suber; 80, Q. semecarpifolia. Myrtaceae: 81, Metrosiderox
polymorpha; 82, Callistemon lanceolatus; 83, Melaleuca leucadendron; 84, Leptospermum
scoparium; 85, Eucalyptus tereticornis; 86, Eucalyptus saligna; 87, Tristania conferta; 88;
Syncarpia laurifolia; 89, Psidium guajava; 90, Myrtus communis; 91, Eugenia jambolana; 92,
E. grandis. The TSW of Eucalyptus spp. are shown by the two species with extreme TSW
values. From (Hong & Ellis, 1996).
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Fig. 9. Seed moisture content at maturity or shedding (MCS) for 60 species and seed
storage behaviour. Data on MCS are from Part Il. Circles represent orthodox (including
orthodox p and orthodox?, see Part IB, Introduction), triangles intermediate (including
intermediate?), and squares recalcitrant (including recalcitrant?) seed storage behaviour. 1,
Hevea brasiliensis; 2, Nephelium lappaceum; 3, Symphonia globulifera; 4, Durio zibethinus; 5,
Hopea hainanensis; 6, Shorea acuminata; 7, Theobroma cacao; 8, Dimocarpus longan; 9, Shorea
roxburghii; 10, Dryobalanops aromatica; 11, Aesculus hippocastaneum; 12, Quercus robur; 13,
Shorea robusta; 14, Eugenia jambos; 15, Lansium domesticum; 16, Araucaria hunsteinii; 17,
Artocarpus heterophyllus; 18, Dipterocarpus baudii; 19, Hancornia speciosa; 20, Myristica fragrans;
21, Balanocarpus heimii; 22, Coffea liberica; 23, Acer pseudoplatanus; 24, Calamus scipionum; 25,
Persea americana; 26, Garcinia mangostana; 27, Avicennia marina; 28, Artocarpus champeden; 29,
Telfairia occidentalis; 30, Sechium edule; 31, Elaeis guineensis; 32, Zizania palustris; 33, Shorea
platyclados; 34, Azadirachta indica; 35, Araucaria columnaris; 36, Citrus limon; 37, Dacrycarpus
dacrydioides; 38, Veitchia merillii; 39, Citrus reticulata; 40, Coffea arabica; 41, Coffea canephora;
42, Oreodoxa regia; 43, Carica papaya; 44, Oryza sativa; 45, Lens culinaris; 46, Glycine max; 47,
Carya illinoensis; 48, Triticum aestivum; 49, Fagus sylvatica; 50, Annona muricata; 51, Acer
platanoides; 52, Annona cherimolia; 53, Vitis vinifera; 54, Araucaria cunninghamii; 55, Cucumis
melo; 56, Prunus avium; 57, Cucurbita moschata; 58, Punica granatum; 59, Lycopersicon
esculentum; 60, Capsicum annum. From (Hong & Ellis, 1996).
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Fig. 10. Seed storage behaviour of 94 contrasting species (number within symbol) in
relation to seed moisture content at harvest/natural shedding (MCS) and thousand seed
weight (TSW, log scale). Circles represent orthodox (including orthodox p and orthodox?,
see Part IB, Introduction), triangles intermediate (including intermediate?), and squares
recalcitrant (including recalcitrant?) seed storage behaviour. Data on MCS and TSW are
from Part Il.

1, Saccharum officinarum; 2, Trifolium repens; 3, Lactuca sativa; 4, Brassica juncea; 5, Psidium
guajava; 6, Oryza sativa; 7, Hordeum vulgare; 8, Albemoschus esculentus; 9, Glycine max; 10,
Phaseolus vulgaris; 11, Ricinus communis; 12, Vicia faba; 13, Fraxinus excelsior; 14, Michelia
champaca; 15, Acer platanoides; 16, Zea mays; 17, Annona muricata; 18, Carya illinoensis; 19,
Elaeis guineensis; 20, Anacardium occidentale; 21, Vitis vinifera; 22, Piper nigrum; 23, Zizania
palustris; 24, Porteresia coarctata; 25, Acer macrophyllum; 26, Terminalia brownii; 27, Fagus
sylvatica; 28, Arum maculatum; 29, Araucaria cunninghamii; 30, Annona cherimolia; 31,
Araucaria columnaris; 32, Shorea platyclados; 33, Phoenix dactylifera; 34, Dipterocarpus alatus; 35,
Nephelium lappaceum; 36, Hevea brasiliensis; 37, Calophyllum maria; 38, Durio zibethinus; 39,
Theobroma cacao; 40, Lycopersicon esculentum; 41, Punica granatum; 42, Podocarpus dacrydioides;
43, Malus domestica; 44, Citrus reticulata; 45, Shorea acuminata; 46, Citrus aurantium; 47,
Azadirachta indica; 48, Manilkara achras; 49, Chrysophyllum cainito; 50, Quercus emoryi; 51,
Shorea macroptera; 52, Dimocarpus longan; 53, Carica papaya; 54, Averrhoa carambola; 55,
Cucurbita maxima; 56, Citrus limon; 57, Baccaurea motleyana; 58, Coffea arabica; 59, Citrus
sinensis; 60, Diospyros kaki; 61, Shorea pauciflora; 62, Roystonea regia; 63, Landolphia kirkii; 64,
Shorea roxburghii; 65, Veitchia merrillii; 66, Acer pseudoplatanus; 67, Acer saccharinum; 68,
Araucaria hunsteinii; 69, Dysoxylum cauliflorum; 70, Nectandra ambigens; 71, Couepia polyandra;
72, Guilfoylia monostylis; 73, Eugenia jambos; 74, Araucaria araucana; 75, Dryobalanops
aromatica; 76, Araucaria angustifolia; 77, Dipterocarpus obtusifolius; 78, Aesculus hippocastanum;
79, Diospyros confertiflora; 80, Coffea liberica; 81, Podocarpus henkelii; 82, Balanocarpus heimii;
83, Artocarpus heterophyllus; 84, Myristica fragrans; 85, Garcinia mangostana; 86, Dipterocarpus
crinitus; 87, Quercus cerris; 88, Castanea sativa; 89, Persea americana; 90, Mangifera indica; 91,
Castanospermum australe; 92, Telfairia occidentale; 93, Areca catechu; 94, Sechium edule. The
dotted and broken lines are discussed in the text. From (Hong & Ellis, 1996).
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Part IB. Information on Seed Storage Behaviour
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Introduction

Part Il of this handbook summarizes information on survival (or otherwise) in seed
storage for over 7000 species from 251 families. In each case we have attempted to
classify seed storage behaviour into one of the three groups discussed at length in
Part IA.

The definitions of orthodox in particular, intermediate and recalcitrant seed
storage behaviour are comparatively precise. Only in a limited number of species
are sufficiently comprehensive data available to satisfy these definitions, however.
Hence, in order to provide as comprehensive a listing of species as possible we have
often had to base our decision-making on less than comprehensive data sets. For
this purpose, species have been classified into one of eight categories titled:
Orthodox; Orthodox p; Orthodox?; Intermediate; Intermediate?; Recalcitrant;
Recalcitrant?; and Uncertain.

Orthodox

The category Orthodox is used where we are either certain or almost certain that
the species shows orthodox seed storage behaviour. The criteria applied in Part 1l
of the Compendium are;

? Evidence of desiccation tolerance to <7% mc and survival (i.e. good
maintenance of viability) in storage at subzero temperatures.

? Defined as orthodox by the authors shown, e.g. (Gordon & Rowe, 1982) and
we have no evidence to the contrary, and/or currently listed as being stored
in seed genebanks (classification here assumes that accessions are being
tested regularly after entry into long-term stores and that listing by the
genebank reflects accession survival in storage).

? No loss in viability (whole seeds) when exposed to liquid nitrogen at least
overnight, e.g. (Pence, 1991a).

? Evidence of seed survival for >10 years.

Othodox p

The category Orthodox p (i.e. Orthodox probable) has been used here where
viability has been maintained for ?3 years but <10 years in open storage at ambient
temperatures. This is because it is unlikely that either intermediate or recalcitrant
seeds can survive beyond 2 years in open storage at ambient temperatures, and in
most cases the seeds die within one year under such conditions. Hence in the
Orthodox p category we suggest a high probability that the species shows orthodox
seed storage behaviour and we would recommend attempted storage under IPGRI
preferred conditions.

Orthodox?
The category Orthodox? implies that the probability that the species shows
orthodox seed storage behaviour is >0.5, but that further investigation is likely to be
necessary before attempting storage at the IPGRI preferred conditions for long-term
seed storage. The criteria applied in Part IB of the Compendium are:
? Defined as orthodox by the authors shown, but some contradictory evidence
is available.
? Longevity in open storage at ambient temperatures is ?1 but <3 years.
? Tolerant of desiccation to 15-18% moisture content, but no data available
concerning desiccation tolerance to lower moisture contents.
?  Air-dry storage has been recommended by the authors shown.
? Seeds reported to tolerate desiccation or where sun-drying has been
recommended by the authors shown.
? Analogous (e.g. seed size and ecology) with closely related species which
show orthodox seed storage behaviour.
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We recommend that until further results are available the seeds of species
shown as Orthodox? should be stored at 10-12% mc and 5-15°C (depending upon
species).

Intermediate

The criteria applied in Part Il of the Compendium for classification as Intermediate
seed storage behaviour are that seeds tolerate desiccation to about 10-12% mc, but
further desiccation reduces viability, and/or there is more rapid reduction in
viability during the storage of dry seeds at cooler (cf. warmer) temperatures.

Intermediate?
The criteria applied in Part 1l of the Compendium for Intermediate? are:

? ‘Excessive’ drying reported to damage seed viability (e.g. Corylus).

? Analogous (e.g. seed size, ecology) to closely related species with
intermediate seed storage behaviour. For example, in Musa four species
show intermediate seed storage behaviour, so the suspicion must be that the
remaining species have a better than even probability of showing
intermediate seed storage behaviour.

Species shown as Intermediate? are not believed to be recalcitrant; the doubt
concerns whether they show intermediate or orthodox seed storage behaviour.
Where classified in this category we suggest that intermediate seed storage
behaviour is more likely than orthodox seed storage behaviour. Further
investigations are required, and until such results are available it is recommended
that the seeds be stored at about 10-12% moisture content with 5-15°C (depending
on species).

Recalcitrant
The criteria applied for classification as Recalcitrant seed storage behaviour in Part
Il of the Compendium are:

? Lowest safe moisture content >20%.

? Defined as such by authors shown and we have no evidence to the contrary.

Recalcitrant?

The criteria applied for Recalcitrant? (i.e. provisionally classified as recalcitrant) in
Part Il of the Compendium are:

‘short-lived’ (in general).

Difficult to maintain viability.

Only ‘moist storage’ recommendations in the literature.

Analogous (e.g. seed size, ecology) to closely related species which show
recalcitrant seed storage behaviour, e.g. Artocarpus spp. other than A.
heterophyllus where desiccation tolerance is lacking.

?
?
?
?

Uncertain

Finally, the category Uncertain has been applied for species where the data
precludes classification into one of the above categories. In some of these cases the
classification of seed storage behaviour is likely to be “obvious”, despite the above
criteria not having been met.

Species are listed by family. This listing by familty and taxa should help to
some extent when dealing with species in which seed storage behaviour is not
known. For example, all species listed within Chenopodiaceae, Compositae and
Pinaceae show a tendency to orthodox seed storage behaviour.

The taxonomic classification into families and genera adopted here is that given
in Brummitt (Brummitt, 1992). Estimates of the number of species within a genus
are from Mabberley (Mabberley, 1987). Information on geographical distribution,
natural habitat and ecology is mainly from Brummitt (Brummitt, 1992) and
Mabberley (Mabberley, 1987), but occasionally from Young and Young (Young &
Young, 1992) or as indicated. Information on fruit and seed characters is from
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Bailey (Bailey, 1961), Purseglove (Purseglove, 1968), (Purseglove, 1972) and
Mabberley (Mabberley, 1987). Common names are from Bailey (Bailey, 1961),
Purseglove (Purseglove, 1968), (Purseglove, 1972) and Young and Young (Young &
Young, 1992).

In some families (see Preface) the species names have been checked for
synonymy and correct taxonomic authority. Displaced species names previously
used by authors of seed references are placed in brackets as are other synonymes.
Taxonomic or name difficulties or uncertainties are marked with an asterisk before
the species name. In the other families, species synonymy has not been checked
and readers should be aware of this. Similarly, in most cases taxonomic authorities
have only been included if provided by the authors of the seed references.

For each species listed, information is presented in three sections. The first two
guote information widely from Mabberley (Mabberley, 1987). The first includes
characters of the plant (deciduous, succulent, etc.), the fruit (type of fruit, whether
or not dehiscent, number of seeds per fruit, etc.), the seed (dry or arillate, thousand-
seed weight (TSW), moisture content at maturity/shedding (MCS), etc.). The
second comprises information on geographical distribution and adaptation. This
information may be useful in estimating seed storage behaviour where it has not
yet been established (see Part 1A, Section 7). Where it was felt appropriate, the
above information has been summarized at the generic level. The third summarizes
published information on seed storage and provides a classification of seed storage
behaviour.

We classify species in one of the eight categories mentioned above. However,
many authors did not use the terms orthodox, intermediate and recalcitrant seed
storage behaviour in their publications and in other cases our classification may
differ from that of the original authors. For example, Tompsett (Tompsett, 1987),
(Tompsett, 1990), (Tompsett, 1992), (Tompsett, 1994) classified Dipterocarpus alatus
as ‘orthodox’, but we classify it here as ‘intermediate’. Similarly, Bonner (Bonner,
1990) classified Citrus limon and Salix glauca as ‘suborthodox’, but according to our
system of classification the former is ‘intermediate’ and the latter is ‘orthodox’. In
such cases, and in those cases where the information available on seed storage
behaviour is in some way contradictory we provide additional comment.

Information on thousand-seed weight (TSW) is collated from Schopmeyer
(Schopmeyer, 1974a), FAO (FAO, 1975) and Ellis (Ellis, 1984b), or as shown. These
estimates are not always determined in the same manner (e.g. estimates will be at
different moisture contents), and sometimes fruit rather than seed weight has been
given (particularly in forest tree species). Note also that the term seed or whole
seed herein often refers to the unit of propagation (propagule) rather than the true
seed.

Moisture content (mc) throughout this document is always quoted as the
percentage of the fresh weight (wet weight basis, w.b.) according to the rules of the
International Seed Testing Association (ISTA, 1993a), (ISTA, 1993b). Where
moisture content was expressed as a percentage on the dry basis (M,) in the original
publication, we have converted values to percentage wet weight basis (M,,) using
the formula

M,, = (100 x M, / (100 + M,)

Seeds recorded as having been maintained successfully in long-term storage at
RBG Kew, WP were all dried, packaged, stored at subzero temperatures and then
tested for germination. All have been verified by an acknowledged taxonomic
expert.

Up to 1977, collections at RBG Kew, WP were dried using ambient
conditions/silica gel. Subsequently, collections (by far the majority in the following
list) were dried for >1 month at 15% r.h. and 15°C (or most recently, at about 13%
r.h. and 20°C). The pre-1977 collections were redried under these conditions and
therefore will have had moisture contents that varied slightly during storage. This
should be borne in mind when referring to the viability data. With the exception of
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a few species represented only by stored collections dried solely using the less
controlled regime (indicated in list), all species have been dried under the more
controlled conditions recommended by IPGRI (Cromarty et al., 1982), stored at
subzero temperatures and then tested for germination. The number of seeds used
in the germination tests varied in relation to the total collection size. Except where
specifically indicated, all germination is ?75% and empty or damaged seeds have
been taken into account. Actual changes in germination with storage time are
shown. Increases in germination are due to loss of dormancy during storage or
sampling error. The age of the oldest collection in store represents the number of
years between collection and the last successful germination test; retests are carried
out about every 10 years. Where no data are presented, the period was less than
one year. Bearing in mind variations in post-harvest history and initial quality,
these figures should help to illustrate the absolute minimum longevities that might
be expected in a conventional long-term seedbank.

There are two appendixes to this volume. Appendix | lists the known seed
storage viability constants and Appendix Il summarizes the distribution of type of
seed storage behaviour in each of the families.

The information in the following pages will be available on-line in a database
maintained by IPGRI. The current data presented should act as a base line from
which a much improved picture of seed storage behaviour in the plant kingdom
can be built. Accordingly, IPGRI welcomes corrections, omissions and indeed new
information in order that this database can be maintained and developed. We
recommend that the protocol developed for determining seed storage behaviour
(Hong & Ellis, 1996) be followed in order to ensure that the probability of incorrect
classification of seed storage behaviour is minimized as this database is maintained
and developed.
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Appendix I. Viability Constants

Years of storage (1) at
-20°C & dried to:
5% mc 15%rh, 15°C

Family Species K. C, C, C, References' Notes (fwb) )
Aceraceae Acer platanoides 7.22 4,23 0.0329 0.00047 (Dickie et al., 1991) Storage expt. at 147
8 only 1 temp.
Alliaceae Allium cepa 6.975 3.47 0.04 0.00042 (Ellis & Roberts, 1981) 413 465
8
Alliaceae Allium cepa 9.083 5.81 0.0329 0.00047 (Ellis et al., 1990d) Storage expt. at 843 1031
8 only 1 temp.
Araucariaceae Araucaria 5.66 2.68 0.033 0.00047 (Tompsett, 1984a), 49
columnaris 8 (Tompsett, 1992)
Araucariaceae Araucaria 7.49 3.73 0.033 0.00047 (Tompsett, 1992) Derived from 615
cunninghamii 8 limited data
Caryophyllaceae  Gypsophila elegans 9.6 5.36 0.04 0.0004 RBG Kew, unpublished Derived from 8526
limited data
Chenopodiaceae  Beta vulgaris 8.943 4,723 0.0329 0.00047 (Ellis et al., 1990d) Storage expt. at 3514
8 only 1 temp.
Chenopodiaceae  Chenopodium 8.58 5.02 0.0329 0.00047 (Ellis et al., 1988) Storage expt. at 945
quinoa 8 only 1 temp.
Combretaceae Terminalia brassii 5.016 2.161 0.0329 0.00047 (Tompsett, 1986b), 26 208
8 (Dickie et al., 1990)
Compositae Guizotia abyssinica 7.578 4,78 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 138
8 only 1 temp.
Compositae Guizotia abyssinica 7.494 4.257 0.0372 0.00048 (Zewdie & Ellis, 1991d) 322
Compositae Helianthus annuus 6.74 4,16  0.0329 0.00047 (Ellis et al., 1988) Storage expt. at 55 101
8 only 1 temp.
Compositae Lactuca sativa 6.895 4.2 0.0329 0.00047 (Kraak & Vos, 1987), 73 158

8 (Dickie etal., 1990
Compositae Lactuca sativa 7.938 5.25 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 149 391
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Years of storage (1) at

-20°C & dried to:

5% mc 15%rh, 15°C
Family Species K. Cy, C, C, References’ Notes (fwb) 2
8 only 1 temp.
Cruciferae Brassica juncea 7.768 456 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 305 1493
8 only 1 temp.
Cruciferae Brassica napus 7.718 4,54 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 281
8 only 1 temp.
Cucurbitaceae Cucumis melo 7.299 3.707 0.0367 0.00047 (Kuo, 1991) 490
3
Cucurbitaceae Cucurbita pepo 6.913 3.604 0.04 0.0004 RBG Kew, unpublished Derived from 296
limited data
Dipterocarpaceae Dipterocarpus alatus 5.92 2.69 0.033 0.00047 (Tompsett, 1992) Derived from 88
8 limited data
Dipterocarpaceae Dipterocarpus 6.18 2.77 0.033 0.00047 (Tompsett, 1992) Derived from 141
intricatus 8 limited data
Euphorbiaceae Manihot esculenta 5.8 (Ellis et al., 1981)
Gramineae Eleusine coracana 9.508 5.08 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 7266
8 only 1 temp.
Gramineae Eragrostis tef 10.098 6.01 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 6327
8 only 1 temp.
Gramineae Eragrostis tef cv. 9.727 5.185 0.0329 0.00054 (Zewdie & Ellis, 1991d) 9596
Muri
Gramineae Eragrostis tef cvs. 9.927 5.185 0.0329 0.00054 (Zewdie & Ellis, 1991d) 15208
Gramineae Hordeum vulgare 9.144 5.342 0.0329 0.00047 (Ellis & Roberts, 1980b), 2061 688
8 (Dickie et al., 1990)
Gramineae Oryza sativa 8.668 5.03 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 1138 402
8 only 1 temp.
Gramineae Oryza sativa ssp. 8.81 4,904 0.0329 0.00047 (Ellis et al., 1992) Storage expt. at 1933 706
indica 8 only 1 temp.
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Years of storage (1) at
-20°C & dried to:

5% mc 15%rh, 15°C
Family Species K. Cy, C, C, References’ Notes (fwb) 2
Gramineae Oryza sativa ssp. 8.416 4,904 0.0329 0.00047 (Ellis et al., 1992) Storage expt. at 780 285
japonica 8 only 1 temp.
Gramineae Oryza sativa ssp. 8.736 4,904 0.0329 0.00047 (Ellis et al., 1992) Storage expt. at 1630 596
javanica 8 only 1 temp.
Gramineae Pennisetum glaucum 8.728 4,86 0.0329 0.00047 (Ellis et al., 1989) as Storage expt. at 1718 691
8 P. americanum) only 1 temp.
Gramineae Phleum pratense 9.571 5.262 0.04 0.0004 RBG Kew, unpublished Derived from 9338
limited data
Gramineae Phleum pratense cv. 8.678 4,75 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 1828
Erecta 8 only 1 temp.
Gramineae Phleum pratense cv. 8.138 4,75 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 527
S325 8 only 1 temp.
Gramineae Setaria italica 8.678 4,95 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 1325
8 only 1 temp.
Gramineae Sorghum bicolor 10.588 6.305 0.041 0.00034 (Kuo et al., 1990) 19890 6106
9
Gramineae Triticum aestivum 9.42 5.859  0.0329 0.00047 (Ellis et al., 1990d) Storage expt. at 1693 508
8 only 1 temp.
Gramineae Zea mays 8.579 491 0.0329 0.00047 SSLR, unpublished Storage expt. at 1125 460
8 only 1 temp.
Hamamelidaceae Liquidambar 6.55309 3.033052 0.0081 0.00151 (Bonner, 1994) Data based on 5 27
styraciflua years storage
Hamamelidaceae Liquidambar 6.384753  2.70571 0.0306 0.00096 (Bonner, 1994) Data based on 143
styraciflua 7 10 years storage
Leguminosae Arachis hypogaea 6.718 4,089 0.0329 0.00047 (Ellis et al., 1990d) Storage expt. at 58 236
8 only 1 temp.
Leguminosae Cicer arietinum 8.901 4.847 0.0329 0.00047 (Ellis et al., 1982), (Dickie 2613 1115

8 etal., 1990)
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Years of storage (1) at

-20°C & dried to:

5% mc 15%rh, 15°C
Family Species K. Cy, C, C, References’ Notes (fwb) 2
Leguminosae Cicer arietinum 8.502 4,602 0.0295 0.00049 (Ellis, 1988) 1307
1
Leguminosae Glycine max 7.525 4.086 0.0329 0.00047 (Ellis et al., 1982), (Dickie 374 321
8 etal., 1990)
Leguminosae Glycine max 7.292 3.996 0.0295 0.00049 (Ellis, 1988) 214 184
1
Leguminosae Lupinus polyphyllus 6.217 2.761 0.04 0.0004 (Dickie & Bowyer, 1985) 231
Leguminosae Phaseolus vulgaris 9.09 4,761 0.0329 0.00047 (Ellis et al., 1990d) Storage expt. at 4637
8 only 1 temp.
Leguminosae Pisum sativum 9.858 5.39 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 9876 3180
8 only 1 temp.
Leguminosae Psophocarpus 3.9 (Ellis et al., 1985c)
tetragonolobus
Leguminosae Trifolium 7.21 3.51 0.04 0.0004 RBG Kew, unpublished  Derived from 682
subterraneum limited data
Leguminosae Vigna radiata 10.858 6.27 0.0329 0.00047 (Ellis et al., 1989) Storage expt. at 23960
8 only 1 temp.
Leguminosae Vigna unguiculata 9.401 5.118 0.0329 0.00047 (Ellis et al., 1982), (Dickie 5342 1687
8 etal., 1990)
Leguminosae Vigna unguiculata 9.102 4,967 0.0295 0.00049 (Ellis, 1988) 2891 1042
1
Linaceae Linum 7.76 4,86 0.0329 0.00047 (Ellis et al., 1988) Storage expt. at 185 509
usitatissimum 8 only 1 temp.
Meliaceae Entandophragma 4.6 2.21 0.033 0.00047 (Tompsett, 1992) Derived from 9
angolense 8 limited data
Meliaceae Khaya senegalensis 4.76 2.15 0.033 0.00047 (Tompsett, 1992) Derived from 15
8 limited data
Meliaceae Swietinia humilis 5.393 2.391 0.0329 0.00047 (P.B. Tompsett, unpubl.), 42 314
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Years of storage (1) at

-20°C & dried to:

5% mc 15%rh, 15°C
Family Species K. Cy, C, C, References’ Notes (fwb) 2
8 (Dickie et al., 1990)
Papaveraceae Papaver nudicaule 6.838 4,101 0.027 0.00031 (Bellettietal., 1991) 67
3
Pedaliaceae Sesamum indicum 7.19 4.02 0.04 0.00042 (Ellis et al., 1986) Storage expt. at 279 1332
8 only 1 temp.
Pinaceae Pinus elliottii 5587688 1.449494 0.0326 0.00101 (Bonner, 1994) Data based on 5 182
years storage
Pinaceae Pinus elliottii 5.246319 0.983174 0.0508 0.00057 (Bonner, 1994) Data based on 608
1 10 years storage
Pinaceae Pinus occidentalis 5.047441 1.677614 0.0206 0.00126 (Bonner, 1994) Data based on 5 17
years storage
Pinaceae Pinus occidentalis 5.101286 1.674234 0.0354 0.00083 (Bonner, 1994) Data based on 55
8 10 years storage
Pinaceae Pinus taeda 3.618404 -0.256684 0.00064 0.00122 (Bonner, 1994) (4) Data based on 5 6
4 years storage
Pinaceae Pinus taeda 3.278271 -0.729973 0.0348 0.00032 (Bonner, 1994) (4) Data based on 62
8 10 years storage
Ranunculaceae Delphinium 7.67 3.12 0.04 0.0004 RBG Kew, unpublished Derived from 3685
ambiguum limited data
Ranunculaceae Ranunculus 6.98 5,01 0.0329 0.00042 R.J. Probert, RBG Kew,  Storage expt. at 24 41(3)
sceleratus 8 unpublished only 1 temp.
Rosaceae Malus domestica 7.316 4.119 0.04 0.00042 (Dickie, 1988) C,and C, from 318
8 Hordeum
Scrophulariaceae Digitalis purpurea 7.49 561 0.0329 0.00047 F.R. Hay, RBG Kew, Storage expt. at 30 258(3)
8 unpublished only 1 temp.
Ulmaceae Ulmus carpinifolia 5.83 3.035 0.0329 0.00047 (Tompsett, 1986b), 41 32

8 (Dickie et al., 1990)
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' Parentheses = constants derived from data presented in reference.

(1) Viability 97.7 falling to 84.1% (1 probit).

(2) Equilibrium mc/rh equation from (Dickie et al., 1990) and (Cromarty et al., 1982).
(3) Based on data by R.J. Probert, unpublished.
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Appendix Il. List of plant families in this Compendium and the number of species in the different categories of
seed storage behaviour

Total no. of species in
Mabberley this Com- Percentage

Family (Mabberle pendium collated here' O Op O? | 1? R R? U
y, 1987)

Acanthaceae D 4300 13 0.30 6 7

Aceraceae D 113 33 29.20 17 10 1 2 3

Actinidiaceae D 355 6 1.69 3 3

Agavaceae M  Total & % incl.assoc. families 410 30 7.32 19 2

Aizoaceae D 2400 10 0.42 3 4 3

Alismataceae M 95 7 7.37 2 5

Alliaceae M  See Liliaceae 17 17

Aloaceae M 400 3 0.75 2 1

Alstroemeriaceae M  See Liliaceae 5 4 1

Amaranthaceae D 800 35 4.38 31 1 3

Amaryllidaceae M  See Liliaceae 4 1 1 1 1

Anacardiaceae D 850 53 6.24 9 10 20 4 6 4

Annonaceae D 2050 14 0.68 7 3 2 2

Anthericaceae M  See Liliaceae 5 4 1

Apocynaceae D 2100 27 1.29 8 7 7 2 3

Aquifoliaceae D 420 8 1.90 1 7

Araceae M 2950 12 0.41 4 6 1 1

Araliaceae D 800 14 1.75 2 2 10

Araucariaceae G 31 17 54.84 3 1 4 2 5 2

Aristolochiaceae D 410 1 0.24 1

Asclepiadaceae D 2850 14 0.49 12 1 1

Asparagaceae M 50 5 10.00 1 3 1

Asphodelaceae M  See Liliaceae 6 4 2

Avicenniaceae D 14 1 7.14 1

Balanitaceae D 25 1 4.00 1

Balsaminaceae D 850 5 0.59 2 1 2
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Total no. of species in

Mabberley this Com- Percentage

Family (Mabberle pendium collated here' O Op O? | 1? R R? U
y, 1987)

Basellaceae D 15 2 13.33 1 1

Begoniaceae D 900 4 0.44 2 2

Berberidaceae D 570 18 3.16 1 3 14

Betulaceae D Total & % incl. assoc. families 150 34 22.67 13 1 13

Bignoniaceae D 725 33 4,55 9 11 11 1 1

Bixaceae D Total & % incl. assoc. families 16 3 18.75 1

Bombacaceae D 250 12 4.80 2 6 2 2

Boraginaceae D 2500 38 1.52 15 15 8

Bromeliaceae M 2100 23 1.10 3 17 3

Buddlejaceae D See Loganiaceae 5 2 3

Burseraceae D 540 6 1.11 5 1

Butomaceae M 1 1 100.00 1

Buxaceae D 60 1 1.67 1

Cactaceae D 1650 6 0.36 5 1

Callitrichaceae D 17 1 5.88 1

Calycanthaceae D 9 4 44.44 4

Campanulaceae D 1950 36 1.85 32 3 1

Canellaceae D 16 1 6.25 1

Cannabaceae D 3 3 100.00 1 1 1

Cannaceae M 25 4 16.00 3 1

Canotiaceae D 3 1 33.33 1

Capparaceae D 675 15 2.22 11 2 1 1

Caprifoliaceae D 400 34 8.50 17 11 6

Caricaceae D 31 7 22.58 1 6

Caryocaraceae D 24 1 4.17 1

Caryophyllaceae D 2070 158 7.63 132 17 9

Casuarinaceae D 70 16 22.86 5 1 10

Cecropiaceae D 200 1 0.50 1

Celastraceae D 1300 14 1.08 3 8 2 1

Ceratophyllaceae D 2 1 50.00 1
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Total no. of species in
Mabberley this Com- Percentage

Family (Mabberle pendium collated here' O Op O? | 1? R R? U
y, 1987)

Cercidiphyllaceae D 1 1 100.00 1

Chenopodiaceae D 1300 107 8.23 91 8 8

Chrysobalanaceae D 460 2 0.43 2

Cistaceae D 175 28 16.00 23 4 1

Clethraceae D 64 4 1.56 1 3

Cobaeaceae D 10 1 20.00 1

Cochlospermaceae D  See Bixaceae 2 1 1

Colchicaceae M  See Liliaceae 1 1

Combretaceae D 500 31 6.20 20 4 4 1 2

Commelinaceae M 620 3 0.48 3

Compositae D 21000 431 2.05 305 70 54 2

Connaraceae D 380 2 0.53 2

Convallariaceae M  See Liliaceae 2 2

Convolvulaceae D 1650 31 1.88 25 5 1

Coriariaceae D 5 2 40.00 1 1

Cornaceae D 90 15 16.67 3 11 1

Corylaceae D  See Betulaceae 7 2 1 1 3

Corynocarpaceae D 4 1 25.00 1

Crassulaceae D 1500 28 1.87 21 3 4

Cruciferae D 3000 520 17.33 509 8 2 1

Cucurbitaceae D 760 40 5.26 30 6 2 2

Cupressaceae G 113 44 38.94 28 4 12

Cycadaceae G 20 4 20.00 3 1

Cyperaceae M 3600 45 1.25 27 2 16

Cyrillaceae D 14 1 7.14 1

Daphniphyllaceae D 10 1 10.00 1

Datiscaceae D 4 1 25.00 1

Dioscoreaceae M 630 18 2.86 6 1 11

Dipsacaceae D 250 13 5.20 10 3

Dipterocarpaceae D 530 88 16.60 4 1 44 38 1
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Total no. of species in

Mabberley this Com-

Percentage

Family (Mabberle pendium collated here' O Op O? 1? R?
y, 1987)
Dracaenaceae M  See Agavaceae 6 3 1 2
Ebenaceae D 485 19 3.92 1 2 3 2 6 3
Elaeaginaceae D 45 8 17.78 3 5
Elaeocarpaceae D 520 4 0.77 1 3
Elatinaceae D 32 1 3.13 1
Epacridaceae D 400 5 1.25 1 4
Ephedraceae G 40 6 15.00 5 1
Ericaceae D 3350 60 1.79 49 2 9
Eriocaulaceae M 1200 1 0.08 1
Erythroxylaceae D 260 2 0.77 1 1
Eucommiaceae D 1 1 100.00 1
Euphorbiaceae D 7950 44 0.55 19 6 12 1 2 4
Fagaceae D 1050 78 7.43 3 2 2 18 51 1
Flacourtiaceae D 875 6 0.69 1 3 2
Fouquieriaceae D 11 1 9.09 1
Gentianaceae D 1200 31 2.58 29 2
Geraniaceae D 730 16 2.19 9 3 4
Gesneriaceae D 2400 6 0.25 4 2
Ginkgoaceae G 1 1 100.00 1
Globulariaceae D 250 1 0.40 1
Gnetaceae G 28 1 3.57 1
Goodeniaceae D 430 2 0.47 2
Gramineae M 9000 504 5.60 427 15 55 2 2
Griseliniaceae D 6 1 16.67 1
Grossulariaceae D 150 22 14.67 9 3 10
Guttiferae D 1350 38 2.81 13 3 6 7 9
Haemodoraceae M 85 6 7.06 2 4
Haloragaceae D 100 2 2.00 2
Hamamelidaceae D 90 11 12.22 4 1 6
Heliconiaceae M 100 0 0.00
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Total no. of species in
Mabberley this Com- Percentage

Family (Mabberle pendium collated here' O Op O? | 1? R R? U
y, 1987)

Hernandiaceae D 68 1 1.47 1

Hippocastanaceae D 15 9 60.00 2 7

Hostaceae M  See Liliaceae 1 1

Hyacinthaceae M  See Liliaceae 10 10

Hydrangeaceae D 170 4 2.35 1 1 2

Hydrocharitaceae M 0 2 2.22 1 1

Hydrophyllaceae D 275 5 1.82 3 1 1

Hypoxidaceae M  See Liliaceae 1 1

Icacinaceae D 320 2 0.63 1 1

Illecebraceae D 100 5 5.00 3 1 1

Iridaceae M 1800 22 1.22 17 5

Irvingiaceae D See Simaroubaceae 1 1

Juglandaceae D 59 16 27.12 1 5 8 2

Juncaceae M 325 24 7.38 17 7

Juncaginaceae M 18 1 5.56 1

Labiatae D 5600 134 2.39 103 23 8

Lardizabalaceae D 21 2 9.52 2

Lauraceae D 2200 35 1.59 1 2 12 14 6

Lecythidaceae D 280 9 3.21 1 2 2 3 1

Leguminosae D 16400 1088 6.63 866 85 123 11 2 1

Lentibulariaceae D 245 2 0.82 2

Liliaceae M  Total & % incl. assoc. families 4550 64 1.41 8

Limnanthaceae D 8 2 25.00 2

Linaceae D 300 7 2.33 5 2

Loasaceae D 260 4 154 3 1

Loganiaceae D Total & % incl. assoc. families 600 9 1.50 1 1 2

Lomandraceae M  See Xanthrorrhaceae 1 1

Loranthaceae D 940 1 0.11 1

Lythraceae D 580 16 2.76 5 4 6 1

Magnoliaceae D 200 17 8.50 2 4 4 3 4
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Total no. of species in

Mabberley this Com-

Percentage

Family (Mabberle pendium collated here' Op O? 1? R?
y, 1987)
Malesherbiaceae D 27 1 3.70 1
Malpighiaceae D 1100 1 0.09 1
Malvaceae D 1550 84 5.42 74 2 6 1
Melanthiaceae M  See Liliaceae 3 3
Melastomataceae D 4750 2 0.04 1 1
Meliaceae D 575 63 10.96 9 5 8 3 17 13 5
Meliosmaceae D 1 1
Menispermaceae D 520 2 0.38 1 1
Menyanthaceae D 40 2 5.00 1 1
Molluginaceae D 100 2 2.00 2
Monimiaceae D 450 2 0.44 1 1
Moraceae D 1200 43 3.58 5 4 13 14 7
Moringaceae D 14 2 14.29 2
Musaceae M 42 6 14.29 1 2
Myoporaceae D 220 6 2.73 3 3
Myricaceae D 50 7 14.00 2 1 4
Myristicaceae D 440 8 1.82 1 1 6
Myrsinaceae D 1250 2 0.16 2
Myrtaceae D 3850 141 3.66 69 9 41 6 15 1
Nelumbonaceae D 2 2 100.00 2
Nesogenaceae D 7 1 14.29 1
Nyctaginaceae D 350 2 0.57 1 1
Nymphaeaceae D 60 4 6.67 1 2 1
Olacaceae D 200 1 0.50 1
Oleaceae D 900 37 411 12 11 14
Onagraceae D 650 107 16.46 101 1 5
Orchidaceae M 17500 81 0.46 30 8 15 12 9
Oxalidaceae D 575 3 0.52 1 1
Paeoniaceae D 34 1 2.94 1
Palmae M 2650 121 4.57 5 4 17 6 7 39 36
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Total no. of species in
Mabberley this Com- Percentage

Family (Mabberle pendium collated here' O Op O? | 1? R R? U
y, 1987)

Pandaceae D 18 2 11.11 1 1

Papaveraceae D 210 49 23.33 43 5 1

Parnassiaceae D 1 1

Passifloraceae D 530 8 1.51 1 7

Pedaliaceae D 95 6 6.32 5 1

Phormiaceae M  See Agavaceae 3 1 1 1

Phytolaccaceae D 65 1 1.54 1

Pinaceae G 194 107 55.15 82 10 11 4

Piperaceae D 1940 6 0.31 3 2 1

Pittosporaceae D 240 8 3.33 4 3 1

Plantaginaceae D 255 15 5.88 12 3

Platanaceae D 6 3 50.00 3

Plumbaginaceae D 440 9 2.05 5 3 1

Podocarpaceae G 155 10 6.45 1 0 2 5 2

Podostemaceae D 275 5 4 1

Polemoniaceae D 275 9 3.27 6 1 2

Polygalaceae D 950 4 0.42 3 1

Polygonaceae D 1150 45 3.91 30 7 5 1 2

Pontederiaceae M 31 1 3.23 1

Portulacaceae D 400 8 2.00 7 1

Potamogetonaceae M 90 5 5.56 4 1

Primulaceae D 800 33 4.13 25 5 3

Proteaceae D 1350 69 5.11 9 1 53 1 5

Ranunculaceae D 1750 88 5.03 72 3 13

Resedaceae D 75 6 8.00 4 1 1

Rhamnaceae D 875 42 4.80 11 13 18

Rhipogonaceae M  See Liliaceae 1 1

Rhizophoraceae D 130 9 6.92 1 6 2

Rosaceae D 3100 187 6.03 66 40 74 1 2 4

Rubiaceae D 10400 47 0.45 24 3 12 3 1 2 2
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Total no. of species in

Mabberley this Com-

Percentage

Family (Mabberle pendium collated here' o? 1? R?

y, 1987)
Rutaceae D 1700 55 3.24 12 3 9 13 1 6
Salicaceae D 435 52 11.95 45 5 2
Salvadoraceae D 11 2 18.18 1 1
Santalaceae D 500 1 0.20 1
Sapindaceae D 1325 34 2.57 9 1 8 8 7
Sapotaceae D 1000 27 2.70 1 2 5 13
Saxifragaceae D 475 11 2.32 4 2 5
Scrophulariaceae D 4450 113 2.54 92 17 4
Simaroubaceae D Total & % incl.assoc. families 170 6 3.53 4
Simmondsiaceae D 1 1 100.00 1
Smilacaceae M 225 3 1.33 3
Solanaceae D 2600 147 5.65 138 4 5
Staphyleaceae D 27 1 3.70 1
Sterculiaceae D 1500 31 2.07 13 2 8 2 4
Stylobasiaceae D  See Surianaceae 2 2
Strelitziaceae M 7 1 14.29 1
Stylidiaceae D 170 1 0.59 1
Styracaceae D 165 5 3.03 2 3
Surianaceae D Total & % incl. assoc. families 5 3 60.00 1
Tamaricaceae D 78 2 2.56 1 1
Taxaceae G 20 7 35.00 5 2
Taxodiaceae G 14 10 71.43 8 2
Tecophilaeaceae M  See Liliaceae 1 1
Theaceae D 520 9 1.73 1 1 2 3
Theophrastaceae D 90 1 1.11 1
Thymelaeaceae D 720 8 1.11 3 1 3 1
Tiliaceae D 725 22 3.03 15 2 3
Trapaceae D 1 1 100.00 1
Tropaeolaceae D 88 1 1.14 1
Typhaceae M 10 6 60.00 1 5
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Total no. of species in
Mabberley this Com- Percentage

Family (Mabberle pendium collated here' O Op O? | 1? R R? U
y, 1987)

Ulmaceae D 140 25 17.86 8 3 11 1 2

Umbelliferae D 3100 76 2.45 57 10 8 1

Urticaceae D 1050 5 0.48 1 3 1

Valerianaceae D 400 5 1.25 2 2 1

Verbenaceae D 1900 28 1.47 13 1 9 3 2

Violaceae D 830 7 0.84 2 5

Viscaceae D 450 1 0.22 1

Vitaceae D 800 9 1.13 1 1 7

Vochysiaceae D 210 1 0.48 1

Xanthorroeaceae M  Total & % incl. assoc. families 60 4 6.67 3

Zamiaceae G 100 3 3.00 3

Zannichelliaceae M 8 1 12.50 1

Zingiberaceae M 1300 3 0.23 1 1 1

Zosteraceae M 17 2 11.76 2

Zygophyllaceae D 250 8 3.20 8

Total 235350 6866 2.92 4353 647 1091 65 63 217 285 145

Summarized total of O /1 /R /U 6091 128 502 145

Percentageof O/1/R/ U 88.7 1.9 7.3 2.1

Summary gymnosperms 128 19 36 6 2 10 2 7

Summary dicots 3594 568 883 36 41 195 238 091

Summary monocots 631 60 172 23 20 12 45 47

' Percentage of total species.



58 HANDBOOKS FOR GENEBANKS NO. 4

Literature Cited

Abbott, D.L. 1955. Temperature and the dormancy of apple seeds. Proceedings of the XIVth
International Congress, Schveningen 1:746-753.

Abdelnour-Esquivel, A., Mora, A. and Villalobos, V. 1992. Cryopreservation of zygotic embryos
of Musa acuminata (AA) and M. balbisiana (BB). Cryo-Letters 13:159-164.

Abdelnour-Esquivel, A., Villalobos, V. and Engelmann, F. 1992b. Cryopreservation of zygotic
embryos of Coffea spp. Cryo-Letters 13:297-302.

Abraham de Noir, F. 1991. Information on the forest seed bank in Santiago del Estero, Argentina.
Forest Genet. Resour. Info. 19:44-45.

Abraham, K. 1992. Dormancy and viability of Dioscorea alata seeds. J. Root Crops 18:142-143.

Achmad, B. 1988. [The effect of storage media on germination ability and moisture content of
rattan manau (C. manan) seeds.]. Bull. Penelitian Kehutanan 4:15-20.

Ackigoz, E. and Knowles, R.P. 1983. Long-term storage of grass seeds. Can. J. Plant Sci. 63:669-
674.

Agami, M. and Waisel, Y. 1984. Germination of Najas marina L. Aquatic Botany 19:37-44.

Agong, S.G. 1993. Seed extraction procedures for long-term conservation of Solanum nigram. Seed
Sci. Technol. 21:447-451.

Ahuja, M.R. 1986. Short note: storage of forest tree germplasm in liquid nitrogen (-196°C). Sylvae
Genetica 35:249-251.

Akalehiywot, T. and Bewley, J.D. 1980. Desiccation of oat grains during and following
germination, and its effects upon protein synthesis. Can. J. Bot. 58:2349-2355.

Akamine, E.K. 1951. Viability of Hawaiian forest trees in storage at various temperatures and
relative humidities. Pacific Science 5:36-46.

Akoroda, M.O. 1986. Seed desiccation and recalcitrance in Telfaria occidentalis. Seed Sci. Technol.
14:327-332.

Albrecht, J. 1993. Tree Seed Handbook of Kenya. Nairobi, Kenya: GTZ Forestry Seed Centre
Muguga.

Al-Charchafchi, F.M.R., Clor, M.A. and Al-Feki, M.S. 1987. Some characteristics of seed
germination in Salsola rigida in relation to aridity. J. Arid Environ. 13:113-117.

Alcorn, S.M. and Martin, S.C. 1974. Cereus giganteus Engelm. In Seeds of Woody Plants in the United
State. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 313-314.
Aldridge, C.D. and Probert, R.J. 1992. The effects of partial desiccation on seed germination
behaviour in the aquatic grasses Zizania palustris L. and Porteresia coarctata (Roxb.) Tateoka.

Seed Sci. Res. 2:199-205.

Aldridge, C.D. and Probert, R.J. 1993. Seed development, the accumulation of abscisic acid and
desiccation tolerance in the aquatic grasses Porteresia coarctata (Roxb.) Tateoka and Oryza
sativa L. Seed Sci. Res. 3:97-103.

Alexander, R.R. 1974. Ginkgo biloba L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 429-430.

Alexander, R.R., Jorgensen, K. and Plummer, A.P. 1974. Cowania mexicana (Torr.) Jepsen. In Seeds
of Woody Plants in the United States. Agriculture Handbook No 450. Washington DC: Forest
Service, USDA. Pp. 353-355.

Alexander, R.R. and Pond, F.W. 1974. Yucca L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 857-858.

Alexander, R.R. and Sheppard, W.D. 1974. Ceratonia siliqua L. In Seeds of Woody Plants in the
United States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 303-
304.

Ali, N., Skirvin, R., Splittstoesser, W.E. and George, W.L. 1991. Germination and regeneration of
plants from old cucumber seed. HortScience 26:917-918.

Allen, G.S. 1957. Storage behaviour of conifer seeds in sealed containers held at 0°F, 32°F, and
room temperature. J. Forestry 55:278-281.

Al-Madenie, M.A. and Tisserat, B. 1986. Survival of palm seeds under cryogenic conditions. Seed
Sci. Technol. 14:79-85.

Almeida, E.C., Pinheiro, A.L. and Lanza, T.C.L. 1990. (Germination of Moghania rhodocarpa



SEED STORAGE BEHAVIOUR: A COMPENDIUM 59

seeds.). Revista Ceres 37:482-488. (Seed Abstracts 1992:15 (1) No 78)

Amma, S. 1978. (Rapid germinability test with sugars exuded from tea seed). Study of Tea 55:1-6.

Amma, S. and Watanabe, A. 1983. (Long-term storage of germplasm in tea (Camellia sinensis (L.)
O. Kuntze). Bull. Nat. Res. Inst. Tea 19:29-57.

Andrews, D.N. 1966. The cold storage of tea seeds. Rev. Agric. Sucriére de I'lle Maurice 45:303-304.

Anon. 1955. Effect of desiccation and seed dressings on germination of tea seeds and the
resulting plants. Annual Report of the Indian Tea Association Scientific Department, Tocklai
1954/1955:116-120.

Anon. 1989. Report. FAO Panel of Experts on Forest Gene Resources. Seventh Session, 4-6
December 1989. Rome: Food and Agriculture Organisation of the United Nations.

Anon. 1992. Coconut. Oléagineux- Activity Report 1989-1991 of the Institut de Recherche pour les
Huiles et Oléagineux (IRHO-CIRAD) 47:328-344.

Anon. 1993. Recalcitrant seeds and intermediates. Agroforestry Seeds Circular 3:22-26.

Araujo, E.F. and Barbosa, J.G. 1992. Influencia da embalagem e do ambiente de armazenamento
na conservacao de sementes de palmeira (Phoenix loureiri Kunth). Rev. Brasil. de Sementes
14:61-64.

Arentz, F. 1980. Some factors affecting the viability of Klinkii pine (Araucaria hunsteinii) in
storage. Seed Sci. Technol. 8:277-282.

Aroeira, J.S. 1962. Dormencia e conservacdo de sementes de algumas plantas frutiferas.
Experientia 2:541-609.

Asakawa, S. 1978. Further report on seed storage of three coniferous species. In Long-Term
Preservation of Favourable Germplasm in Arboreal Crops. Eds T. Akihawa and K. Nakajima.
Japan: Ministry of Agriculture and Forestry. Pp. 43-48.

Ashton, P.S. 1983. Dipterocarpaceae. In Flora Malesiana. Volume 9. Ed. C.G.G.J. Van Steenis. The
Hague: Martinus Nijhoff Publishers. Pp. 237-552.

Assy-Bah, B. and Engelmann, F. 1992. Cryopreservation of mature embryos of coconut (Coccos
nucifera L.) and subsequent regeneration of plantlets. Cryo-Letters 13:117-126.

Athaya, C.D. 1985. Ecological studiess of some forest tree seeds. Il. Seed storage and viability.
Indian Journal of Forestry 8:137-140.

Augé, P., Bourgeais, P. and Péron, JY. 1989. Etude des conditions de la germination des
semences de cerfeuil tubéreux (Chaerophyllum bulbosum L.). Acta Hort. 242:239-247.

Ayfer, M. and Serr, E.F. 1961. Effects of gibberellin and other factors on seed germination and
early growth in Pistacia species. Proc. Am. Soc. Hort. Sci. 77:308-315.

Bacchi, O. 1955. Seca da semente de cafe ao sol. Bragantia 14:225-236.

Bacchi, O. 1956. Novos ensaios sobre a seca de semente de cafe ao sol. Bragantia 15:83-91.

Bacchi, O. 1958a. Estudos sobre a conservacao de sementes. 1. Citros. Bragantia 17:159-166.

Bacchi, O. 1958b. Estudos sobre a conservacao de sementes. IV. Cafe. Bragantia 17:261-270.

Bachthaler, E. 1983. (Pelargoniums: scarified seeds. Experiments provide information). Gb + Gw
83:1103 (Seed Abstracts 1984, 7 (6) No 1405).

Badran, O.A., El-Lakany, M.H. and Haridi, M.B. 1979. Changes in Araucaria heterophylla seed
storage as determined by X-ray radiography. Seed Sci. Technol. 7:411-422.

Bahuguna, V.K. and Rawat, M.M.S. 1989. Preliminary storage traits on the seed of Mesua ferra
Linn. Indian Forester 115:762-763.

Bahuguna, V.K. and Sood, O.P. 1987. Germination behaviour of Prinsepia utilis Royle: an
important shrub for reclamation of wastelands in Himalayas. Indian Forester 113:381-382.
Bahuguna, V.K., Rawat, M.M.S. and Maithani, K.C. 1987a. Investigation on the seed of Michelia

champaca Linn. for perfection of optimum conditions of storage. Indian Forester 113:243-248.

Bahuguna, V.K., Rawat, M.M.S., Joshi, S.R. and Maithani, G.P. 1987b. Studies on the viability,
germination and longevity of Terminalia myriocarpa seeds. J. Trop. Forestry 3:318-323.

Bailey, J.E. and Woodroof, J.G. 1932. Propagation of pecans. Georgia Agric. Exp. Sta. Bull. 172:4-19.

Bailey, L.H. 1961. Manual of Cultivated Plants. New York: The MacMillan Company.

Balcos, F.R. Jr. 1988. Physiology of seed germination in Pittosporum resiniferum Helsl. Trans. Nat.
Acad. Sci. Technol. (Philippines) 10:351-363.

Baldwin, H.I. 1942. Forest Tree Seed. Waltham, Massachusetts: Chronica Botanica.

Balyan, R.S. and Bhan, V.M. 1986. Germination of horse purslane (Trianthema portulacastrum) in
relation to temperature, storage conditions and seedling depths. Weed Sci. 34:513-515.



60 HANDBOOKS FOR GENEBANKS NO. 4

Bangarayya, M., Babu, D.P., and Rao, M. 1981. Effect of seed moisture content at the time of
storage on the viability of Virginia flue-cured tobacco varietes. In IV National Symposium on
Tobacco 19-22 January 1981, Rajahmundry, India. Abstracts of papers. Indian Society of
Tobacco Science (1981) 70. (Seed Abstracts 1983, 6 (2) No 70).

Barbosa, J.M., Barbosa, L.M. and Sader, R. 1988a. (Seed germination of Kielmeyra coriaceae
(Kielmeyera coriaceae) with various substrates, temperatures and storage conditions).
Ecossistema 12:13-19.

Barbosa, J.M., Barbosa, J.A. and Sader, R. 1988b. (The effect of substrate, temperature and
storage conditions on the seed germination of Cariniana excelsa). Ecossistema 12:5-12.

Barbosa, J.M., Barbosa, L.M., Silva, T.S. Da and Ferreida, D.T.L. 1990. (Influence of substrates
and temperatures on seed germination in two native fruit tree species). Rev. Brasil. de
Sementes 12:66-73.

Barker, W.G. and Johston, G.R. 1980. The longevity of seeds of the common potato, Solanum
tuberosum. Am. Potato J. 57:601-607.

Barman, T.S. 1990. Postharvest storage of tea seeds. In Proceedings of the International Congress of
Plant Physiology, New Delhi, India, 15-20 February 1988. Volume 2. New Delhi, India: Society
for Plant Physiology and Biochemistry, pp. 1392-1395.

Barner, H. 1975. The storage of tree seeds. In Report on FAO/DANIDA Training Course on Forest
Seed Collection and Handling, No 2. Rome: Food and Agriculture Organisation of the United
Nations.

Barnett, J.P. 1979. Storing spruce pine seeds. Tree Planters’ Notes 30:20-21.

Barnett, J.P. and Vozzo, J.A. 1985. Viability and vigor of slash and shortleaf pine seeds after 50
years of storage. Forest Sci. 31:316-320.

Barnhill, M.A., Cunningham, M. and Farmer, R.E. 1982. Germination characteristics of Paulownia
tomentosa. Seed Sci. Technol. 10:217-211.

Barrows, F.L. 1936. Propagation of Epigaea repens L. I. Cuttings and seeds. Contrib. Boyce
Thompson Inst. 8:81-97.

Barton, I.L. 1978. Temperature and its effect on the germination and initial growth of kauri
(Agathis australis). N. Z. J. Forestry Sci. 8:327-331.

Barton, L.V. 1932a. Effect of storage on the vitality of delphinium seeds. Contrib. Boyce Thompson
Inst. for Plant Research 4:141-153.

Barton, L.V. 1932b. Germination of bayberry seeds. Contrib. Boyce Thompson Inst. 4:19-25.

Barton, L.V. 1933a. Germination and storage of delphinium seeds. Contrib. Boyce Thompson Inst.
Professional Papers 1:248-250.

Barton, LV. 1933b. Seedling production of tree peony. Contrib. Boyce Thompson Inst. 5:451-460.

Barton, L.V. 1935. Storage of some coniferous seeds. Contrib. Boyce Thompson Inst. 7.

Barton, L.V. 1936a. Germination of some desert seeds. Contrib. Boyce Thompson Inst. 8:7-11.

Barton, L.V. 1936b. Germination and seedling production in Lilium sp. Contrib. Boyce Thompson
Inst. 8:297-309.

Barton, L.V. 1939%a. Storage of some flower seeds. Contrib. Boyce Thompson Inst. for Plant Research
10:399-427.

Barton, L.V. 1939b. Storage of elm seeds. Contrib. Boyce Thompson Inst. 10:221-233.

Barton, L.V. 1943. The storage of citrus seed. Contrib. Boyce Thompson Inst. 13:47-55.

Barton, L.V. 1945. A note on the viability of seeds of maga Montezuma speciosissima. Contrib. Boyce
Thompson Inst. 13:423-426.

Barton, L.V. 1947. Effect of different storage conditions on the germination of seeds of Cinchona
ledgeriana Moens. Contrib. Boyce Thompson Inst. 15:1-10.

Barton, L.V. 1953. Seed storage and viability. Contrib. Boyce Thompson Inst. 17:87-103.

Barton, L.V. 1954. Storage and packeting of seeds of Douglas-fir and Western hemlock. Contrib.
Boyce Thompson Inst. 18:25-37.

Barton, L.V. 1960. Storage of seeds of Lobelia cardinalia L. Contrib. Boyce Thompson Inst. 20:395-401.

Barton, L.V. 1961a. Seed Preservation and Longevity. London: Leonard Hill.

Barton, L.V. 1961b. Experimental seed physiology at Boyce Thompson Institute for plant
research, Inc., Yonkers, N.Y., USA. 1924-1961. Proc. Int. Seed Testing Assoc. 26:561-596.

Barton, L.V. 1965. Viability of seeds of Theobroma cacao L. Contrib. Boyce Thompson Inst. 23:109-
122



SEED STORAGE BEHAVIOUR: A COMPENDIUM 61

Barton, L.V. 1966a. Viability of pyrethrum seeds. Contrib. Boyce Thompson Inst. 23:267-268.

Barton, L.V. 1966b. Effects of temperature and moisture on viability of stored lettuce, onion, and
tomato seeds. Contrib. Boyce Thompson Inst. 23:285-290.

Baskin, J.M. and Baskin, C.C. 1989. Ecophysiology of seed germination and flowering in Liatris
squarrosa. Bull. Torrey Botanical Club 116:45-51.

Baskin, C.C., Baskin, JM., Auken, O.W. van 1992a. Germination response patterns to
temperature during after-ripening of achenes of four Texas winter annual Asteraceae. Can. J.
Bot. 70:2354-2358.

Baskin, C.C., Baskin, J.M. and Hoffman, G.R. 1992b. Seed dormancy in the prairie forb Echinacea
angustifolia var. angustifolia (Asteraceae): after-ripening pattern during cold stratification. Int.
J. Plant Sci. 153:239-243.

Bass, L.N. 1973. Controlled atmosphere and seed storage. Seed Sci. Technol. 1:463-492.

Bass, L.N. 1975. Seed storage of Carica papaya L. HortScience 10:232.

Bass, L.N. 1978. Sealed storage of crimson clover seed. Seed Sci. Technol. 6:1017-1024.

Bass, L.N. 1980. Flower seed storage. Seed Sci. Technol. 8:591-599.

Bass, L.N. 1981. Storage conditions for maintaining seed quality. In Handbook of Transportation
and Marketing in Agriculture. Vol. 2. Field Crops. Ed. E.E. Finney Jr. Boca Raton, Florida: CRC
Press. Pp. 239-321.

Bass, L.N. and Stanwood, P.C. 1978. Long-term preservation of sorghum seed as affected by
seed moisture, temperature, and atmospheric environment. Crop Science 18:575-577.

Bass, L.N., Toy, S.J., Sayers, R.L. and Clark, D.C. 1967. Storage of Dimorphotheca sinuata D.C. and
Osteopermum ecklonis Norl. seed. Proc. Assoc. Official Seed Analysts of North America 57:67-70.

Basu, R.N. and Pal, P. 1980. Control of rice seed deterioration by hydration-dehydration
pretreatments. Seed Sci. Technol. 8:151-161.

Bauer, H., Comploj, A. and Bodner, M. 1990. Susceptibility to chilling of some central-african
cultivars of Coffea arabica. Field Crop Res. 24:119-129.

Beardsell, D.V., Knox, R.B. and Williams, E.G. 1993. Germination of seeds from the fruits of
Thryptomene calycina (Myrtaceae). Austr. J. Bot. 41:263-273.

Becquerel, P. 1934. La longevité des graines macrobiotiques. C. R. Acad. Sci. (Paris) 199:1662-1664.

Becwar, M.R., Stanwood, P.C. and Roos, E.E. 1982. Dehydration effects on imbibitional leakage
from desiccation sensitive seeds. Plant Physiol. 69:1132-1135.

Becwar, M.R., Stanwood, P.C. and Leonhardt, K.W. 1983. Dehydration effects on freezing
characteristics and survival in liquid nitrogen of desiccation-tolerant and desiccation-
sensitive seeds. J. Am. Soc. Hort. Sci. 108:613-618.

Belletti, P., Lanteri, S. and Lotito, S. 1991. The influence of temperature and moisture on seed
ageing in Iceland poppy (Papaver nudicaule L.). Scientia Horticulturae 48:153-158.

Bendana, F.E. 1962. The physiology of coffee seeds. I. Problems related to storage. Coffee,
Turrialba 4:73-75.

Beng, A.B. 1976. Problems of rubber seed storage. In Seed Technology in the Tropics. Eds H.F. Chin,
I.C. Enoch and R.M. Raja Harun. Selangor: Universiti Pertanian Malaysia. Pp. 117-122.

Bergin, D. and Dorsser, J. Van 1988. Raising native trees and shrubs from seed. What's New in
Forest Research. No 158. New zealand: Forest Research Institute, Ministry of Forestry.

Berjak, P., Dini, M. and Pammenter, N.W. 1984. Possible mechanisms underlying the differing
dehydration responses in recalcitrant and orthodox seeds: desiccation-associated subcellular
changes in propagules of Avicennia marina. Seed Sci. Technol. 12:365-384.

Berjak, P., Farrant, J.M. and Pammenter, N.W. 1990a. The basis of recalcitrant seed behaviour. In
Recent Advances in the Development and Germination of Seeds. Ed. R. B. Taylorson. New York:
Plenum Press.

Berjak, P., Farrant, JM., Mycock, DJ. and Pammenter, N.W. 1990b. Recalcitrant
(homoiohydrous) seeds: the enigma of their desiccation-sensitivity. Seed Sci. Technol. 18:297-
310.

Berjak, P., Vertucci, C.W. and Pammenter, N.W. 1992. Homoiohydrous (recalcitrant) seeds:
developmental status, desiccation sensitivity and the state of water in axes of Landolphia
kirkii Dyer. Planta 186:249-261.

Berjak, P., Vertucci, C.W. and Pammenter, N.W. 1993. Effects of developmental status and
dehydration rate on characteristics of water and desiccation-sensitivity in recalcitrant seeds



62 HANDBOOKS FOR GENEBANKS NO. 4

of Camellia sinensis. Seed Sci. Res. 3:155-166.

Berjak, P., Bradford, K.J., Kovach, D.A. and Pammenter, N.W. 1994. Differential effects of
temperature on ultrastructural responses to dehydration in seeds of Zizania palustris. Seed
Sci. Res. 4:111-121.

Bettencourt, E.J. and Konopka, J. 1989. Directory of Germplasm Collections. 6. 1l. Temperate Fruits
and Tree Nuts. Rome: International Board for Plant Genetic Resources.

Bhagat, S. and Singh, O. 1989. A note on germination and longevity of Prinsepia utilis Royle seed.
Indian Forester 115:442-443,

Bhagat, S. and Singh, V. 1994. Storage capacity of some temperate shrubs. Indian Forester 120:258-
261.

Bhagat, S., Singh, V. and Singh, O. 1992. Studies on germination behaviour and longevity of
Woodfordia fruiticosa Kurz. seeds. Indian Forester 118:797-799.

Bhat, S.R., Bhat, K.H. and Chandel, K.P.S. 1994. Studies on germination and cryopreservation of
Musa balbisiana seed. Seed Sci. Technol. 22:637-640.

Bhowmick, T.P. and Chattopadhyay, S.B. 1960. Germination of seeds of larger cardamom.
Science and Culture 26:185-186.

Bishnoi, S. and Gautam, D.D. 1991. Biology of seed germination of Calligonum polygonoides Linn.
Range Manage. Agroforestry 12:97-105.

Blanche, C.A., Hodges, J.D., Gomez, A.E. and Gonzalez, E. 1991. Seed chemistry of the tropical
tree Vochysia hondurensis Sprague. Forest Sci. 37:949-952.

Blum, B.M. 1974. Aralia L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 220-222.

Boe, K.N. 1974a. Sequoia sempervirens (D. Don) Endl. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 764-766.
Boe, K.N. 1974b. Sequoiadendron giganteum (Lindl.) Buchholz. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 767-768.
Bol'shakow, N.M. 1988. (Some information on the dispatch, storage and viability of seed of
Chosenia arbutifolia. Byulleten* Glavnogo Botanicheskogo Sada 180:69-72 (Seed Abstracts 1992, 15,
No 3292)

Bonheure, D. 1962. La semence de théier d'Assam et le jardin semencier. Bull. d'Information de
I"Institut National pour I'Etude Agronomique du Congo Belge 11:119-140.

Bonner, F.T. 1973. Storing red oak acorns. USDA Forest Service Tree Planter’s Notes 24:12-13.

Bonner, F.T. 1974a. Celtis L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 298-300.

Bonner, F.T. 1974b. Fraxinus. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 411-416.

Bonner, F.T. 1974c. Liquidambar styraciflua L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 505-507.

Bonner, F.T. 1974d. Platanus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 641-644.

Bonner, F.T. 1974e. Sapium sebiferum(L.) Roxb. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 760.

Bonner, F.T. 1974f. Taxodium distichum (L.) Rich. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 796-798.

Bonner, F.T. 1974g. Zanthoxylum L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 859-861.

Bonner, F.T. 1976. Storage and stratification recommendations for pecan and shagbark hickory.
USDA Forest Service, Tree Planters” Notes 27:3-5.

Bonner, F.T. 1978a. Storage of hardwood seed. Forestry Occasional Paper, Forest Service Resources,
Information no 7. Food and Agriculture Organisation of the United Nations, pp. 10-17.

Bonner, F.T. 1978b. Handling and storage of hardwood seeds. In Proceedings of the Second
Symposium on Southeastern Hardwoods. Pp. 145-152.

Bonner, F.T. 1979. Collection and care of sycamore seeds. South. J. Appl. Forestry 3:23-25.

Bonner, F.T. 1987. Collection and care of sweetgum seed. New Forest 3:207-217.

Bonner, F.T. 1990. Storage of seeds: Potential and limitations for germplasm conservation. Forest
Ecol. Manage. 35:35-43.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 63

Bonner, F.T. 1994. Predicting seed longevity for 4 forest tree species with orthodox seeds. Seed
Sci. Technol. 22:361-370.

Bonner, F.T. and Burton, J.D. 1974. Paulownia tomentosa (Thunb.) Siev. & Zucc. In Seeds of Woody
Plants in the United States. Agriculture Handbook No 450. Washington DC: Forest Service,
USDA. Pp. 572-573.

Bonner, F.T. and Ferguson, E.R. 1974. Maclura pomifera (Raf.) Schneid. In Seeds of Woody Plants in
the United States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp.
525-526.

Bonner, F.T. and Graney, D.L. 1974. Catalpa Scop. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 281-283.

Bonner, F.T. and Grano, C.X. 1974. Melia azedarach L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 535-536.

Bonner, F.T. and Halls, L.K. 1974a. Asimina Adans. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 238-239.

Bonner, F.T. and Halls, L.K. 1974b. Gaylussacia baccata (Wangh.) K. Koch. In Seeds of Woody Plants
in the United States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp.
427-428.

Bonner, F.T. and Kennedy, H.E., Jr 1973. Storage of water tupelo seeds. USDA Forest Service Tree
Planters’ Notes 24:7-8.

Bonner, F.T. and Maisenhelder, L.C. 1974. Carya Nutt. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 269-272.

Bonner, F.T. and Mignery, A.L. 1974. Halesia carolina L. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 441-442.
Bonner, F.T. and Rudolf, P.O. 1974. Ziziphus Mill. In Seeds of Woody Plants in the United States.

Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 862-863.

Bonner, F.T. and Russel, T.E. 1974. Liriodendron tulipifera L. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 508-511.
Bonner, F.T. and Vozzo, J.A. 1987. Seed biology and technology of Quercus. USDA Forest Service,

South Forest Experiment Station New Orleans, General Technical Report SO-66. 21 pp.

Bonner, F.T., Burton, J.D. and Grigshby, H.C. 1974. Gleditsia L. In Seeds of Woody Plants in the
United States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 431-
433.

Bonnet-Masimbert, M. and Muller, C. 1973. La conservation des faines et des glands. Recherches
et perpectives. Bulletin Technique, Office National des Foréts, France 5, 13-19.

Bonnet-Masimbert, M. and Muller, C. 1975. La conservation des faines est possible. Rev. Forestiere
Francaise 27:129-137.

Boonarutee, P. and Somboon, K. 1990. Effects of temperature and seed moisture content on the
storage of Dendrocalamus brandisii seeds. In Tropical Tree Seed Research. Ed. JW. Turbull.
Canberra: ACIAR. Pp. 86-88.

Boroughs, H. and Hunter, J.R. 1961. Effecto de la temperatura sobre el crecimiento de semillas de
cacao. Turrialba 11:160.

Boroughs, H. and Hunter, J.R. 1963. The effects of temperature on the germination of cacao
seeds. Proc. Am. Soc. Hort. Sci. 82:222.

Boucaud, M-T. de, Brison, M., Ledoux, C., Germain, E. and Lutz, A. 1991. Cryopreservation of
embryonic axes of recalcitrant seed: Juglans regia L. cv. Franquette. Cryo-Letters 12:163-166.

Bovi, M.L.A. and Cardoso, M. 1978. A preliminary report on conservation of seeds of hearts of
palm. Bragantia 37:65-71.

Bowen, M.R. 1977. Triplochiton scleroxylon K. Schum. (obeche): preliminary results on fruit
storage and germination. Obeche 13:16-20.

Bowen, M.R. and Jones, N. 1975. IV.3. Preliminary results on the germination, drying and
storage of seeds and fruits of Triplochiton scleroxylon K.Schum. Proceedings of the Symposium
on Variation and Breeding Systems of Triplochiton scleroxylon (K. Schum.). The Federal
Department of Forest Research Ibadan, Nigeria, 21-28 April 1975.

Boyce, K.G. 1987. Cryopreservation of seed of lucerne, medic and sub clover cultivars in liquid
nitrogen. Seed Sci. Technol. 15:466-468.

Boyce, K.G. 1989. Report of the seed storage committee 1986-1989. Seed Sci. Technol. 17



64 HANDBOOKS FOR GENEBANKS NO. 4

Supplement:135-142.

Bradbeer, JW. 1968. Studies in seed dormancy. IV. The role of endogenous inhibitors and
gibberellin in the dormancy and germination of Corylus avellana L. seeds. Planta 78:266-276.

Bradbeer, J.W. and Pinfield, N.J. 1967. Studies in seed dormancy. lll. The effects of gibberellin on
dormant seeds of Corylus avellana L. New Phytologist 66:515-523.

Bratcher, C.B., Dole, J.M. and Cole, JC. 1993. Stratification improves seed germination of five
native wildflower species. HortScience 28:899-901.

Brechu-Franco, A., Cruz-Garcia, F., Marquez-Guzman, J. and Laguna-Hernandez, G. 1992.
Germination of Sicyos deppei (Cucurbitaceae) seeds as affected by scarification and light.
Weed Sci. 40:54-56.

Bretzloff, L.V. and Pellett, N.E. 1979. Effect of stratification and gibberellic acid on the
germination of Carpinus caroliniana Walt. HortScience 14:621-622.

Brinkman, K.A. 1974a. Amelanchier Med. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 212-215.

Brinkman, KA. 1974b. Amorpha L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 216-219.

Brinkman, K.A. 1974c. Betula L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 252-257.

Brinkman, K.A. 1974d. Cornus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 336-342.

Brinkman, K.A. 1974e. Corylus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 343-345.

Brinkman, KA. 1974f. Crataegus L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 356-360.

Brinkman, K.A. 1974g. Hamamelis virginiana L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 443-444.

Brinkman, K.A. 1974h. Juglans L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 454-459.

Brinkman, K.A. 1974i. Lonicera L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 515-519.

Brinkman, K.A. 1974j. Rhus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 715-719.

Brinkman, K.A. 1974k. Rubus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 738-743.

Brinkman, K.A. 1974l. Salix L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 746-750.

Brinkman, K.A. 1974m. Sambucus L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 754-757.

Brinkman, K.A. 1974n. Ulmus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 829-834.

Brinkman, K.A. and Erdmann, G.G. 1974. Mitchella repens L. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 543.

Brinkman, K.A. and Schlesinger, R.C. 1974. Ptelea trifoliata L. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 684-685.

Brits, G.J., Calitz, F.J., Brown, N.A.C. and Manning, J.C. 1993. Desiccation as the active principle
in heat-stimulated seed germination of Leucospermum R.Br. (Proteaceae) in fynbos. New
Phytologist 125:397-403.

Brits, G.J. and Niekerk, M.N. van 1986. Effect of air temperature, oxygenating treatments and
low storage temperature on seasonal germination response of Leucospermum cordifolium
(Proteaceae) seeds. S. Afr. J. Bot. 52:207-211.

Broschat, T.K. 1994. Palm seed propagation. Acta Hort. 360:141-147.

Broschat, T.K. and Donselman, H. 1986. Factors affecting storage and germination of
Chrysalidocarpus lutescens seeds. J. Am. Soc. Hort. Sci. 111:872-877.

Broschat, T.K. and Donselman, H. 1988. Palm seed storage and germination studies. Principes
32:3-12.

Brown, D.A.L. 1970. A review of germination of kola seed (Cola nitida (Vent.) Schott & Endl.).



SEED STORAGE BEHAVIOUR: A COMPENDIUM 65

Ghana J. Agric. Sci. 3:179-186.

Brummit, R.K. 1992. Vascular Plant Families and Genera. Royal Botanic Gardens, Kew.

Bulow, J.F.W.V., Carmona, R. and Parente, T.V. 1994. Armazenamento e tratamento de sementes
de pitanga-vermelha-do-cerrado (Eugenia calycina). Pesquisa Agropecuaria Brasileira, Brasilia
29:961-970.

Burrows, W.H. 1974. A study of the phenology and germination of Eremophila gilesii in semiarid
Queensland. In Plant Morphogenesis As the Basis for Scientific Management of Range Resources.
Eds K.W. Kreitlow and R.H. Hart. Washington DC: Agricultural Research Service, USDA,
Miscellanous Publications 1271. Pp. 150-159.

Buszewicz, G.M. 1961. The longevity of beechnuts in relation to storage conditions. Report on
Forest Research, London: HMSO. Pp 117-126.

Button, J., Bornman, C.H. and Hackland, B.A. 1971. Effect of some presowing treatments on the
germination of Poncirus trifoliata and Troyer citrange seeds. The Citrus and Sub-Tropical Fruit
J. 45:9-11.

Céceres, A., Freire, V., Girdén, L.M., Avilés, O. and Pacheco, G. 1991. Moringa oleifera
(Moringaceae): ethnobotanical studies in Guatemala. Econ. Botany 45:522-523.

Caixinhas, M., Vasconcelos, T. and Bar_o, A.D. 1993. Germination des semences d'espéces
endémiques apres plusieurs années de conservation. In Fourth International Workshop on
Seeds. Basic and Applied Aspects of Seed Biology. Eds D. Céme and F. Corbineau. Paris:
Université Pierre and Marie Curie. Pp. 829-834.

Cambrony, H.R. 1992. Coffee Growing. London: MacMillan.

Campbell, M.W. 1980. Plant Propagation for Reforestation in Nepal. Technical Note 1/80. Department
of Forestry, Australian National University. 79pp.

Carelli, M.L.C. and Monaco, L. C. 1977. (Racemosa coffee seed conservation). Bragantia 36:31-34.

Carl, C.M., Jr. 1983. Stratification of sugar maple. Tre Planters’ Notes 34:25-27.

Carle, R., Seidel, F. and Franz, C. 1991. Investigation into seed germination of Chamomilla retutita
(L.) Rauschert. Angewandte Botanik 65:1-8.

Carpenter, J.B. and Ream, C.L. 1976. Date palm breeding, a review. Date Growers" Institute Report
53:25-33.

Carpenter, W.J. 1987. Temperature and imbibition effects on seed germination of Sabal palmetto
and Serenoa repens. HortScience 22:660-661.

Carpenter, W.J. 1988. Seed after-ripening and temperature influence Butia capitata germination.
HortScience 23:702-703.

Carpenter, W.J. 1989. Influence of temperature on germination of Sabal causiarum seed. Principes
33:191-194.

Carpenter, W.J. 1990. Light and temperature govern germination and storage of caladium seed.
HortScience 25:71-74.

Carpenter, W.J. and Boucher, J.F. 1991. Proper environment improves the storage of primed
pansy seed. HortScience 26:1483-1485.

Carpenter, W.J. and Boucher, J.F. 1992. Germination and storage of vinca seed is influenced by
light, temperature, and relative humidity. HortScience 27:993-996.

Carpenter, W.J. and Gilman, E.F. 1988. Effect of temperature and desiccation on the germination
of Thrinax morrisii. Proceedings of the Annual Meeting of the Florida State Horticultural Society
101:288-290.

Carpenter, WJ. and Ostmark, E.R. 1988. Moisture content, freezing, and storage conditions
influence germination of amaryllis seed. HortScience 23:1072-1074.

Carpenter, W.J. and Ostmark, E.R. 1989. Temperature and desiccation effect on seed germination
of Coccothrinax argentata. Proceedings of the Florida State Horticultural Society 102:252-254.

Carpenter, W.J. and Ostmark, E.R. 1990. Handling, storage, and germination of Formosan lily
seed. Proceedings of the Florida State Horticultural Society 103:209-212.

Carpenter, W.J. and Ostmark, E.R. 1992. Growth regulators and storage temperature govern
germination of coreopsis seed. HortScience 27:1190-1193.

Carpenter, WJ. and Ostmark, E.R. 1995. Temperature and seed moisture govern germination
and storage of gerbera seed. HortScience 30:98-101.

Carpenter, S.B. and Smith, N.D. 1979. Germination of Paulownia seed after stratification and dry
storage. Tree Planters’ Notes 30:4-6.



66 HANDBOOKS FOR GENEBANKS NO. 4

Carpenter, S.B., Cunningham, T.R. and Smith, N.D. 1980. Germination of Paulownia seed after
stratification, dry storage, and pretreatment with gibberellic acid. Proceeding of the
International Symposium of Forest Tree Seed Storage. Mexico City, Mexico.

Carpenter, W.J., Wilfret, GJ. and Cornell, J.A. 1991. Temperature and relative humidity govern
germination and storage of Gladiolus seed. HortScience 26:1054-1057.

Carpenter, W.J., Ostmark, E.R. and Cornell, J.A. 1993a. Temperature and seed moisture govern
storage duration and germination of Phlox drummondii. HortScience 28:185-188.

Carpenter, W.J.,, Ostmark, E.R. and Cornell, JA. 1993b. Embryo cap removal and high
temperature exposure stimulate rapid germination of needle palm seeds. HortScience 28:904-
907.

Catalan, L.A. 1992. Laboratory germination conditions for seeds of Prosopis flexuosa D.C. and P.
chilensis (Molina) Stuntz. Seed Sci. Technol. 20:289-292.

Catalan, L.A. and Balzarini, M. 1992. Improved laboratory germination conditions for several
arboreal Prosopis species: P. chilensis, P. flexuosa, P. nigra, P. alba, P. caldenia and P. affinis. Seed
Sci. Technol. 20:293-298.

Cavers, P.B. 1974. Germination polymorphism in Rumex crispus. The effects of different storage
conditions on germination responses of seeds collected from individual plants. Can. J. Bot.
52:575-583.

Chacko, E.K. and Singh, R.N. 1971. Studies on the longevity of papaya, phasa, guava and mango
seeds. Proc. Int. Seed Testing Assoc. 36:147-148.

Chandel, K.P.S., Chaudhury, R. and Radhamani, J. 1993. Biological mechanisms determining the
recalcitrance in seeds of tea, cocoa and jackfruit. IBPGR-NBPGR Project on recalcitrant
species, Annual Report (1992-1993), IBPGR Report Number 93/23.

Chandel, K.P.S., Chaudhury, R., Radhamani, J. and Malik, S.K. 1995. Desiccation and freezing
sensitivity in recalcitrant seeds of tea, cocoa and jacfruit. Ann. Botany 76:443-450.

Chaudhury, R. and Chandel, K.P.S. 1994. Germination studies and cryopreservation of seeds of
black pepper (Piper nigrum L.) - a recalcitrant species. Cryo-Letters 15:145-150.

Chaudhury, R. and Chandel, K.P.S. 1995. Studies on germination and cryopreservation of
cardamom (Elettaria cardamomum Maton) seeds. Seed Sci. Technol. 23:235-240.

Chaudhury, R., Lakhanpaul, S. and Chandel, K.P.S. 1990. Germination and desiccation tolerance
of tea (Camellia sinensis (L.) O. Kuntze) seeds and feasibility of cryopreservation. Sri Lanka J.
Tea Sci. 59:89-94.

Chaudhury, R., Radhamani, J. and Chandel, K.P.S. 1991. Preliminary observations on the
cryopreservation of desiccated embryonic axes of tea (Camellia sinensis (L.) O. Kuntze) seeds
for genetic conservation. Cryo-Letters 12, 31-36.

Cheng, G.Y. and Fu, JR. 1989. (Deterioration of some recalcitrant seeds). J. Plant Physiol.
Commun. 3, 11-14.

Cheng, H., Zheng, G. and Tao, K.-L. 1990. Effects of ultradrying on ageing, cell ultrastructure
and vigour of chinese cabbage seed. Plant Genet. Resour. Newsl. 83/84, 9-14.

Chiang, C.H., Wang, Y.N., Lin, S.T. and Chen, M.S. 1988. (Studies on the storage of seeds of
Alnus formosana, Schima superba at different temperatures). Quart. J. Exp. Forest Nat. Taiwan
Univ. 2, 1-6. (Seed Abstracts 1991, 14 (6) No 1999).

Chin, H.F. 1975. Germination and storage of rambutan (Nephelium lappaceum L.) seeds. Malaysian
Agric. Res. 4, 173-180.

Chin, H.F. 1978. Production and storage of recalcitrant seeds in the Tropics. Acta Hort. 83, 17-21.

Chin, H.F. 1988. Recalcitrant Seeds - A Status Report. Rome: International Board for Plant Genetic
Resources, pp. 28.

Chin, H.F. 1989. Recalcitrant seeds. Extension Bulletin No 288. Republic of China on Taiwan: Food
and Fertilizer Technology Center.

Chin, H.F. and Krishnapillay, B. 1989. Cryogenic storage of some horticultural species. Acta Hort.
253, 107-112.

Chin, H.F., Aziz, M., Ang, B.B. and Hamzah, G. 1981. The effect of moisture content and
temperature on the ultra structure and viability of seeds of Hevea brasiliensis. Seed Sci.
Technol. 9, 411-422.

Chin, H.F., Hor, Y.L. and Mohd. Lassim, M.B. 1984. Identification of recalcitrant seeds. Seed Sci.
Technol. 12, 429-436.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 67

Chin, H.F., Krishnapillay, B. and Alang, Z.C. 1988. Cryopreservation of Veitchia and Howea palm
embryos: non-development of the haustorium. Cryo-Letters 9, 272-379.

Chmielarz, P. 1993. Conditions for dormancy breaking and germination of European
hophornbeam (Ostrya carpinifolia Scop.) seeds. Part IB. Seeds stored for 12 months.
Arboretum Kdrnickie 37, 113-124.

Choinski, J.S., Jr. 1990. Aspects of viability and post-germinative growth in seeds of the tropical
tree, Trichilia dregeana Sonder. Ann. Botany 66, 437-442.

Chu, S.H., Kuo, S.R. and Tsai, M.S. 1993. (Presowing treatment and storage for Michelia compressa
Sargent seeds). Quart. J. Chinese Forestry 26, 21-31.

Clark, JR. and Moore, J.N. 1993. Longevity of Rubus seeds after long-term cold storage.
HortScience 28, 929-930.

Clay, D.W.T. 1964. Germination of the kola nut (Cola nitida (Vent.) Schott & Endl.). Trop. Agric.
(Trinidad) 41, 55-60.

Clor, M.A., Al-Ani, T.A. and Al-Charchafchi, F.M.R. 1989. Some adaptive characteristics of
seeds, germination, and seedling development in Haloxylon salicornicum. Arab Gulf J. Sci. Res.
7:89-96.

Coaldrake, J.E. 1971. Variation in some floral, seed and growth characteristics of Acacia
harpophylla (bigalow). Austr. J. Botany 19, 335-352.

Coates-Palgrave, K. 1983. Trees of Southern Africa (3rd edn.). Cape Town, C. Struik. 959pp.

Collins, J.L. 1968. The Pineapple. London: Leonard Hill

Comes, R.D., Bruns, V.F. and Kelley, A.D. 1978. Longevity of certain weed and crop seeds in
fresh water. Weed Science 26, 336-344.

Corbineau, F. and Céme, D. 1988. Storage of recalcitrant seeds of four tropical species. Seed Sci.
Technol. 16, 97-103.

Corbineau, F. and Come, D. 1989. Germination and storage of recalcitrant seeds of some tropical
forest tree species. Ann. Sci. Forestiéres 46, 89s-91s.

Corbineau, F. and Céme, D. 1994. Amélioration de la germination des semences de Terminalia
ivorensis. Information sur les Ressources Génétiques Forestieres (Food and Agriculture
Organisation of the United Nations, Rome) No 21, 29-36.

Corbineau, F., Defresne, S. and Cdéme, D. 1985. Quelques caractéristiques de la germination des
graines et de la croissance des plantules de Cedrela odorata L. (Méliacées). Bois et Foréts des
Tropiques 207, 17-22.

Correa, A. 1945. El cultivo de los cafetos en Puerto Rico. Boletin de Extension Agricola de Puerto
Rico 21, 54. Cited in Coffee: Botany, Cultivation and Utilization. Ed. F.L. Wellmann. London:
Leonard Hill 1961.

Coste, R. 1992. Coffee. The Plant and the Product. MacMillan.

Cram, W.H. 1983. Maturity and viability of boxelder maple seeds. Tree Planters® Notes 4, 36-37.

Cram, W.H. 1984. Presoaking treatments and storage for green ash seeds. Tree Planters" Notes 35,
20-21.

Crank, E. 1992. Seed germination studies on the endangered species Thymophylla tephroleuca.
Wildflower 5, 23-27.

Crocker, W. 1938. Life-span of seeds. Botanical Review 4, 235-274.

Crocker, W. 1945. Longevity of seeds. J. New York Botanic Garden 46, 26-35, 149.

Crocker, W. 1948. Life-span of seeds. In Growth of Plants. Princeton, New Jersey: Von Nostrand-
Reinhold. Pp. 28-60.

Cromarty, A.S., Ellis, R.H. and Roberts, E.H. 1982. The Design of Seed Storage Facilities for Genetic
Conservation. Rome: International Board for Plant Genetic Resources.

Crossley, J.A. 1974a. Malus Mill. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 531-534.

Crossley, J.A. 1974b. Solanum dulcamara L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 777-778.

Crossley, J.A. 1974c. Vaccinium L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 840-843.

Crowley, G.M. and Jackes, B.R. 1990. Germination characteristics in tropical provenances of
Allocasuarina littoralis and A. torulosa. Forest Ecology and Management 35, 227-238.

Cruzado, H.J., Cabanilias, E., Martin, F.W. and Delpin, H. 1964. Seed-rest and seed-viability in



68 HANDBOOKS FOR GENEBANKS NO. 4

medicinal Dioscorea species. American Society for Horticultural Science 84, 436-440.

Cull, B.W. and Baxton, B.F. 1982. Litchi (Litchi chinensis). Yearbook of the Western Australia Nut Tree
Crop Association 7, 13-21

Cunha, R. Da., Cardozo, M.A., Santana, C.A.F. and Sampaio-Pereira, T. 1989. Efeito do
dessecamento sobre la longevidade de sementes de Virola surinamensis (Rol) Warb. In Anais
20. Simposio Brasileiro Sobre Tecnologia de Sementes Florestais. (held at Atibaia, Sao Paulo,
Brasil, October 16-19 1989).

Cunha, R. Da, Santana, C.A.F. De, Cardoso, M.A. and Sampaio-Pereira, T. 1990. (Drying,
disinfection and germination of Couroupita guyanensis seeds.). Rev. Brasil. de Sementes 12, 74-
80.

Cunha, R. Da., Cardozo, M.A,, Santana, C.A.F. and Pereira, T.S. 1992. Efeito do dessecamento
sobre a viabilidade de sementes de Virola surinensis (Rol) Warb. Rev. Brasil. de Sementes 14,
69-72.

Cunha, R,, Eira, M.T.S. and Rita, I. 1995a. Germination and desiccation studies on wild nutmeg
seed (Virola surinamensis). Seed Sci. Technol. 23, 43-49.

Cunha, R., Salomé&o, A.N., Eira, M.T.S., Faiad, M.G.R. and Goedert, C.O. 1995b. Seed storage
behaviour of Brazilian forest species. Fifth International Workshop on Seeds, 11-15 September
1995, Abstracts of Poster Presentations. The University of Reading.

Daniel, O., Reis, M.das.G.F., Candido, J.F. and Regazzi, AJ. 1988. Qualidade fisiologica das
sementes de Astronium concinnum Schott durante o periodo de disseminacao, em condicoes
naturais. Revista Arvore 12, 34-40.

Darjo, P. and Bakry, F. 1990. Conservation et germination des graines de bananiers Musa sp.
Fruits 45, 103-113.

Dasgupta, J., Bewley, J.D. and Yeung, E.C. 1982. Desiccation-tolerant and desiccation-intolerant
stages during the development and germination of Phaseolus vulgaris seeds. J. Exp. Botany 33:
1045-1057.

Deall, G.B. and Brown, N.A.C. 1981. Seed germination in Protea magnifica Link. S. Afr. J. Sci. 77,
175-176.

Degeyter, L. 1987. Bewaring van zaden van Corylus avellana. Verbondsnieuws Voor de Belgische
Sierteelt 31,785-791.

Dehgan, B. and Schutzman, B. 1989. Embryo development and germination of cycas seeds. J.
Am. Soc. Hort. Sci. 114, 125-129.

Deitschman, G.H. 1974. Artemisia L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 235-237.

Deitschman, G.H., Jorgensen, K.R. and Plummer, A.P. 1974a. Cercocarpus H.B.K. In Seeds of
Woody Plants in the United States. Agriculture Handbook No 450. Washington DC: Forest
Service, USDA. Pp. 309-312.

Deitschman, G.H., Jorgensen, K.R. and Plummer, A.P. 1974b. Chrysothamnus Nutt. In Seeds of
Woody Plants in the United States. Agriculture Handbook No 450. Washington DC: Forest
Service, USDA. Pp. 326-328.

Deitschman, G.H., Jorgensen, K.R. and Plummer, A.P. 1974c. Fallugia paradoxa (Don) Endl. In
Seeds of Woody Plants in the United States. Agriculture Handbook No 450. Washington DC:
Forest Service, USDA. Pp. 406-408.

Delavan, C.C. 1916. The relation of the storage of the seeds of some of the oaks and hickories to
their germination. Report of the Michigan Academy of Science 17, 161-163.

Demeke, T., Hughes, H.G. and Lee, C.W. 1992. Propagation of Phytolacca dodecandra (endod) by
stem cuttings and seed. Trop. Agric. 69, 301-303.

Demir, I. and Ellis, R.H. 1992a. Changes in seed quality during seed development and
maturation in tomato. Seed Sci. Res. 2, 81-87.

Demir, I. and Ellis, R.H. 1992b. Development of pepper (Capsicum annuum) seed quality. Ann.
Appl. Biol. 121, 385-399.

Densmore, R. and Zasada, J. 1983. Seed dispersal and dormancy patterns in northern willows:
ecological and evolutionary significance. Can. J. Bot. 61, 3207-3216.

Dent, T.V. 1942. Some records of extreme longevity of seeds of Indian forest plants. Indian
Forester 68, 617-631.

Dent, T.V. 1948. Indian Forest Records. Silviculture. Vol. 7, No 1. Seed Storage, with Particular



SEED STORAGE BEHAVIOUR: A COMPENDIUM 69

Reference to the Storage of Seed of Indian Forest Plants. Delhi: The Manager of Publications.

Devadas, V.S. and Manomohandas, T.P. 1988. Studies on the viability of allspice seeds. Indian
Cocoa, Arecnut and Spices J. 11, 99.

Deval, J.R. 1976. La Sylviculture de I"'Okoumé. Tome 1, Biologie et Sylviculture de I'Okoumé. Nogent-
Sur- Marne: Centre Technique Forestier Tropical.

Dickie, J.B. 1986. A note on the long-term storage of apple seeds. Plant Genet. Resour. Newsl. 65,
13-15.

Dickie, J.B. 1988. Prospects for the long-term storage of apple seeds. Verdff. Landw.-chem. BA Linz
19, 47-63.

Dickie, J.B. and Bowyer, J.T. 1985. Estimation of provisional seed viability constants or apple
(Malus domestica Borkh. cv. Greensleeves). Ann. Botany 56, 271-275.

Dickie, J.B. and Smith, R.D. 1995. Observations on the survival of seeds of Agathis spp. stored at
low moisture contents and temperatures. Seed Sci. Res. 5, 5-14.

Dickie, J.B., McGrath, S. and Linington, S.H. 1985. Estimation of provisional seed viability
constants for Lupinus polyphyllus Lindley. Ann. Botany 55, 147-151.

Dickie, J.B., Ellis, R.H., Kraak, H.L., Ryder, K. and Tompsett, P.B. 1990. Temperature and seed
storage longevity. Ann. Botany 65 197-204.

Dickie, J.B., May, K., Morris, S.V.A. and Titley, S.E. 1991. The effects of desiccation on seed
survival in Acer platanoides L. and Acer pseudoplatanus L. Seed Sci. Res. 1, 149-162.

Dickie, J.B., Balick, M.J. and Linington, E.M. 1992. Experimental investigations into the feasibility
of ex situ preservation of palm seeds; an alternative strategy for biological conservation of
this economically important plant family. Biodiversity and Conservation 1, 112-119.

Dietz, D.R. and Slabaugh, P.E. 1974. Caragana arborescens Lam. In Seeds of Woody Plants in the
United States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 262-
263.

Dimalla, G.G. and Staden, J. Van 1977. The effect of temperature on the germination and
endogenous cytokinin and gibberellin levels of pecan nuts. Z. Pflanzenphysiol. 82, 274-280.
Dimalla, G.G. and Staden, J. Van 1978. Pecan nut germination - a review for the nursery

industry. Scientia Horticulturae 8, 1-9.

Dimock I, E.J. and Stein, W.1. 1974, Osmaronia (Torr. & Gray) Greene. In Seeds of Woody Plants in
the United States. Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp.
561-563.

Dimock II, E.J., Johnston, W.F. and Stein, W.I. 1974. Gaultheria L. In Seeds of Woody Plants in the
United States. Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 422-
426.

Dirr, M.A. and Heuser, C.W. 1987. The Reference Manual of Woody Plant Propagation. Athens, GA:
Varsity Press.

Dodd, M.C,, Staden, J. Van and Smith, M.T. 1989. Seed germination in Podocarpus henkelii: an
ultrastructural and biochemical study. Ann. Botany 64, 569-79.

Doijode, S.D. 1989. Deteriorative changes in cluster bean seeds stored in different conditions.
Vegetable Science 16, 89-92.

Doley, D. 1990. Utilisation intrinsic water in the germination of Araucaria bidwillii seeds. Seed Sci.
Technol. 18, 33-42.

Donald, D.G.M. 1987. Study on the viability of Paulownia seeds. Sveriges Lantbruksuniversitet 76-
83.

Donald, D.G.M. and Jacobs, C.B. 1990. The effect of storage time, temperature and container on
the viability of the seeds of four pine species. S. Afr. Forestry J. 154, 41-46.

Doran, J.C.,Turbull, J.W., Boland, D.J. and Gunn, B.V. 1983. Handbook of Seeds of Dry zone Acacias.
Rome: Food and Agriculture Organisations of the United Nations.

Downs, RJ. 1964. Photocontrol of germination of seeds of the Bromeliaceae. Phyton (Argentina)
21, 1-6.

Drake, D.R. 1992. Seed dispersal of Metrosideros polymorpha (Myrtaceae): a pioneer tree of
Hawaiian lava flows. Am. J. Botany 79, 1224-1228.

Dulloo, M.E. and Owadally, A.W. 1991. Conservation and utilization of wild coffee. In Crop
Genetic Resources of Africa, Volume I. Eds F. Attere, H. Zedan, N.Q. Ng and P. Perrino. Pp.
231-238. Rome: IBPGR, UNEP, IITA.



70 HANDBOOKS FOR GENEBANKS NO. 4

Dumbroff, E.B. and Webb, D.P. 1970. Factors influencing the stratification process in seeds of
Acer ginnala. Can. J. Bot. 48, 2009-2015.

Dumet D. and Berjak, P. 1995. Desiccation tolerance and cryopreservation of embryonic axes of
recalcitrant species. Fifth International Workshop on Seeds, 11-15 September 1995, Abstracts of
Poster Presentations. The University of Reading.

Dupee, S.A. and Clemens, J. 1981. Propagation of ornamental Grevillea. Combined Proceedings,
International Plant Propagators® Society 31 198-208.

Duvel, JW.T. 1906. The germination and storage of wild rice seed. USDA, Bureau of Plant
Industry Bulletin, No 50, 1-24.

Eastwood, R.B. and Steele, W.M. 1978. The conservation of yam germplasm in West Africa. Plant
Foods for Man 2, 153-158.

Edwards, C.A. and Mumford, P.M. 1983. Storage of Citrus aurantium seeds imbibed in chemicals.
Plant Genet. Resour. Newsl. 56: 13-22.

Edwards, C.A. and Mumford, P.M. 1985. The effect of the drying method on the behaviour of
sour orange (Citrus aurantium). Seed Sci. Technol. 13, 227-234.

Eijnatten, C.L.M. Van 1968. The germination of kola nuts Cola nitida (Ventenat) Schott and
Endlicher. Nigerian Agric. J. 5, 72-82.

Eijnatten, C.L.M. Van 1973. Kola. A review of the literature. Tropical Abstracts 28, 541-550.

Eira, M.T.S,, Vieira, R.F., Mello, C.M.C. and Freitas, RW.A. 1992. (Conservation of Pilocarpus
microphyllus Stapf seed). Rev. Brasil. de Sementes 14, 37-39.

El-Lakany, M.A., Omjran, T.A. and Shehata, M.S. 1990. Effects of the season of seed collection
and storage temperatures on seed germinability and subsequent seedling growth of
Casuarina species grown in Egypt. In Advances in Casuarina Research and Utilization.
Proceedings of the Second International Casuarina Workshop, Cairo, Egypt, January 15-20 1990.
Eds M.H. El-Lakany, J.W. Turnbull and J.L. Brewbaker.

Eliason, E.J. and Heit, C.E. 1973. Red pine seed shows high germination after 42 years in storage.
Journal of Forestry 71, 776.

Elliott, S.B. 1912. The important timber trees of the United States. New York.

Ellis, R.H. 1980. The viability equation, seed viability nomographs, and practical advice on seed
storage. Seed Sci. Technol. 16, 29-50.

Ellis, R.H. 1982. Seed storage and germination of apple and pear. Plant Genet. Resour. Newsl. 50,
53-61.

Ellis, R.H. 1984a. The meaning of viability. In Seed Management Techniques for Genebanks. Eds J.B.
Dickie, S. Linington and J.T. Williams. Rome: International Board for Plant Genetic
Resources. Pp. 146-181.

Ellis, R.H. 1984b. Revised table of seed storage characteristics. Plant Genet. Resour. Newsl. 58, 16-
33.

Ellis, R.H. 1987. Monitoring the viability of seed accessions. Plant Genet. Resour. Newsl. 71, 16-21.

Ellis, R.H. 1988. The viability equation, seed viability nomographs, and practical advice on seed
storage. Seed Sci. Technol. 16, 29-50.

Ellis, R.H. 1991. The longevity of seeds. HortScience 26: 1119-1125.

Ellis, R.H. and Hong, T.D. 1985. Prunus seed germination and storage. In Long-Term Seed Storage
of Major Temperate Fruits. Rome: International Board for Plant Genetic Resources. 38pp.

Ellis, R.H. and Hong, T.D. 1994. Desiccation tolerance and potential longevity of developing
seeds of rice (Oryza sativa L.). Ann. Botany 73: 501-506.

Ellis, R.H. and Pieta Filho, C. 1992. The development of seed quality in spring and winter
cultivars of barley and wheat. Seed Sci. Res. 2, 9-15.

Ellis, R.H. and Roberts, E.H. 1977. A revised viability nomograph for onion. Seed Research 5, 93-
103.

Ellis, R.H. and Roberts, E.H. 1980a. Improved equations for the prediction of seed longevity.
Ann. Botany 45, 13-30.

Ellis, R.H. and Roberts, E.H. 1980b. The influence of temperature and moisture on seed viability
period in barley (Hordeum distichum L.). Ann. Botany 45, 31-37.

Ellis, R.H. and Roberts, E.H. 1981. The quantification of ageing and survival in orthodox seeds.
Seed Sci. Technol. 9, 373-409.

Ellis, R.H. and Roberts, E.H. 1982. Desiccation, rehydration, germination, imbibition injury and



SEED STORAGE BEHAVIOUR: A COMPENDIUM 71

longevity of pea seeds (Pisum sativum). Seed Sci. Technol. 10, 501-508.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1981. The influence of desiccation on cassava seed
germination and longevity. Ann. Botany 47, 173-175.

Ellis, R.H., Osei-Bonsu, K. and Roberts, E.H. 1982. Desiccation and germination of seed of
cowpea (Vigna unguiculata (L.) Walp.). Seed Sci. Technol. 10, 509-515.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1983. The procedures for the safe removal of dormancy
from rice seed. Seed Sci. Technol. 11, 77-112.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1985a. Handbook of Seed Technology for Genebanks. VVolume
1. Principles and Methodology. Rome: International Board for Plant Genetic Resources.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1985b. Handbook of Seed Technology for Genebanks. VVolume
1. Compendium of Specific Germination Information and Test Recommendations. Rome:
International Board for Plant Genetic Resources.

Ellis, R. H., Hong, T.D. and Roberts, E.H. 1985c. Preliminary seed germination and seed storage
investigations with the winged bean (Psophocarpus tetragonolobus (L.) D.C.). The Winged Bean
Flyer 5, 22-36.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1986. Logarithmic relationship between moisture
content and longevity in sesame seeds. Ann. Botany 57, 499-503.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1987. The development of desiccation-tolerance and
maximum seed quality during seed maturation in six grain legumes. Ann. Botany 59, 23-29.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1988. A low moisture content limit to logarithmic
relations between seed moisture content and longevity. Ann. Botany 61, 405-408.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1989. A comparison of the low-moisture-content limit
to the logarithmic relation between seed moisture and longevity in twelve species. Ann.
Botany 63, 601-611.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1990a. An intermediate category of seed storage
behaviour ? I. Coffee. J. Exp. Botany 41, 1167-1174.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1990b. Moisture content and the longevity of seeds of
Phaseolus vulgaris L. Ann. Botany 66, 341-348.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1990c. Effect of moisture content and method of
rehydration on the susceptibility of pea seeds to imbibition damage. Seed Sci. Technol. 18,
131-137.

Ellis, R.H., Hong, T.D., Roberts, E.H., and Tao, K-L. 1990d. Low moisture content limits to
relations between seed longevity and moisture. Ann. Botany 65, 493-504.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1991a. An intermediate category of seed storage
behaviour ? 1. Effects of provenance, immaturity, and imbibition on desiccation-tolerance in
coffee. J. Exp. Botany 42, 653-657.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1991b. Effect of storage temperature and moisture on
the germination of papaya seeds. Seed Sci. Res. 1, 69-72.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1991c. Seed moisture content, storage, viability and
vigour. Seed Sci. Res. 1, 275-279.

Ellis, R.H., Hong, T.D., Roberts, E.H. and Soetisna, U. 1991d. Seed storage behaviour in Elaeis
guineensis. Seed Sci. Res. 1, 99-104.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1992. The low-moisture content limit to the negative
logarithmic relation between seed longevity and moisture content in three subspecies of rice.
Ann. Botany 69, 53-58.

Ellis, R.H., Hong, T.D. and Jackson, M.T. 1993a. Seed production environment, time of harvest,
and the potential longevity of seeds of three cultivars of rice (Oryza sativa L.). Ann. Botany 72:
583-590.

Ellis, R.H., Hong, T.D., Martin, M. C., Pérez Garcia, F. and Gomez-Campo, C. 1993b. The long-
term storage of seeds of seventeen crucifers at very low moisture contents. Plant Varieties and
Seeds 6, 75-81.

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1995. Survival and vigour of lettuce (Lactuca sativa L.)
and sunflower (Helianthus annuus L.) seeds stored at low and very-low moisture contents.
Ann. Botany 76, 521-534.

Ellis, R.H., Hong, T.D., Astley, D., Pinnegar, A.E. and Kraak, H.L. 1996. Survival of dry and
ultra-dry seeds of carrot, groundnut, lettuce, oilseed rape, and onion during five years'



72 HANDBOOKS FOR GENEBANKS NO. 4

hermetic storage at two temperatures. Seed Sci. Technol. (in press).

Engelmann, F., Chabrillange, N., Dussert, S. and Duval, Y. 1995a. Cryopreservation of zygotic
embryos and kernels of oil palm (Elaeis guineensis Jacq.). Seed Sci. Res. 5, 81-86.

Engelmann, F., Dumet, D., Chabrillange, N., Abdelour-Esquivel, A., Assy-Bah, B., Dereuddre, J.
and Duval, Y. 1995b. Factors affecting the cryopreservation of coffee, coconut and oil palm
embryos. Plant Genet. Resour. Newsl. 103, 27-31.

Engels, JM.M. and Tao, K.L. 1994. Genebank standards. Rome: Food and Agriculture
Organisation of the United Nations /International Plant Genetic Resources Institute.

Engstrom, A. 1966. Will deep freeze damage tree seed ? Tree Planters’ Notes 77, 28-29.

Esashi, Y., Ogasawara, M., Gorecki, R. and Leopold, A.C. 1993. Possible mechanisms of
afterripening in Xanthium seeds. Physiol. Plant. 87, 359-364.

Eshuys, W.A. 1978. The loss of viability of Citrus and Poncirus trifoliata seed during storage.
Reports of the Citrus and Sub-Tropical Research Institute, Nelspruit, South Africa.

Espindola, L.S., Noin,M., Corbineau, F. and Céme, D. 1994. Cellular and metabolic damage
induced by desiccation in recalcitrant Araucaria angustifolia embryos. Seed Sci. Res. 4 193-201.

Evans, G. 1957. The viability over a period of fifteen years of severely dried ryegrass seed. J. Brit.
Grassl. Soc. 12, 286-289.

Evans, K.E. 1974. Symphoricarpos Duham. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 787-790.

Everitt, J.H. 1984. Germination of Texas persimon seed. J. Range Manage. 37, 189-192.

Ewart, A.J. 1908. On the longevity of seeds. Proc. Royal Soc. Victoria 21, 1-210.

Ezumah, B.S. 1986. Germination and storage of neem (Azadirachta indica A. Juss) seeds.

Seed Sci. Technol. 14, 593-600.

Fahy, G.M., MacFarlane, D.R., Angel, C.A. and Meryman, H.T. 1984. Vitrification as an approach
to cryopreservation. Cryobiology 21, 407-426.

FAO 1975. Forest Tree Seed Directory. Rome: Food and Agriculture Organisation of the United
Nations.

Farrant, J.M., Berjak, P. and Pammenter, N.W. 1985. The effect of drying rate on viability
retention of recalcitrant propagules of Avicennia marina. S. Afr. J. Botany 51, 432-438.

Farrant, J.M., Pammenter, N.W. and Berjak, P. 1986. The increasing desiccation sensitivity of
recalcitrant Avicennia marina seeds with storage time. Physiologia Plantarum 67, 291-298.

Farrant, J.M., Pammenter, N.W. and Berjak, P. 1988. Recalcitrance - a current assessment. Seed
Sci. Technol. 16, 155-166.

Farrant, J.M., Pammenter, N.W. and Berjak, P. 1989. Germination-associated events and the
desiccation sensitivity of recalcitrant seeds - a study on three unrelated species. Planta 178,
189-198.

Farrant, J.M., Pammenter, N.W. and Berjak, P. 1993a. Seed development in relation to
desiccation tolerance: A comparison between desiccation-sensitive (recalcitrant) seeds of
Avicennia marina and desiccation-tolerant types. Seed Sci. Res. 3, 1-13.

Farrant, J.M., Berjak, P., Cutting, J.G.M. and Pammenter, N.W. 1993b. The role of plant growth
regulators in the development and germination of the desiccation-sensitive (recalcitrant)
seeds of Avicennia marina. Seed Sci. Res. 3, 55-63.

Ferreira, J. 1970. Perdida del poder germinativo en especies citricas. Review of the Faculty of
Agronomy and Veterinary, University of Buenos Aires, Argentina. (Cited by King, M.W. and
Roberts, E.H. 1980a)

Figliolia, M.B. 1988. Conservagdo de sementes de esséncias florestais. Boletim Técnico do Instituto
Florestal. Sdo Paulo 42, 1-18.

Figliolia, M.B., Silva, A. Da and Jardim, D.C.P. 1986. (Germination of lyophilized seeds of Pinus
elliottii var. Elliottii and Pinus caribaea var. hondurensis. Boletim Tecnico do Instituto Florestal,
Sao Paulo 40A, 177-187. (Seed Abstracts 1990, 13 (2) No 434).

Figliolia, M.B., Silva, A. Da, Jardim, D.C.P. and Iwane, M.S.S. 1986/1988. (Viability of freeze-
dried seeds of indigenous forest species). Silvicultura em Sao Paulo 20-22, 47-55 (Seed Abstracts
1991, 14 (2) No 465)

Figliolia, M.B., Silva, A. da, Yamazoe, G. and Siqueira, A.C.M.F. 1987. Conservacdo de sementes
de Euterpe edulis Mart. em differentes embalagens e ambientes de armazenamento. Boletim
Tecnico do Instituto Florestal, Sao Paulo 41, 355-368.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 73

Figueiredo, S.F.L. 1986. Conservation of cocoa seed viability. 111. Cellulose ether solution. Revista
Theobroma 16, 115-126. (Seed Abstracts 1988, 11 (2), No 543).

Figueiredo, F.J.C., Duarte, M.De L.R., Carvalho, J.E.U.De, and Frazao, D.A.C. 1990a. (Storage of
Brazil nut seeds under non-controlled conditions.). Boletim de Pesquisa-Centro de Pesquisa
Agropecuaria do Tropico Umido No 106, 36pp.

Figueiredo, F.J.C., Duarte, M.De L.R., Frazao, D.A.C. and Carvalho, J.E.U.De 1990b. (Storage of
Brazil nut seeds under controlled conditions). Boletim de Pesquisa-Centro de Pesquisa
Agropecuaria do Tropico Umido No 110, 22pp.

Figueiredo, F.J.C., Carvalho, J.E.U.De, Frazao, D.A.C. and De Carvalho, J.E.U. 1990c. (Critical
level for seed moisture and its effects on seedling emergence in Brazil nut). Boletim de
Pesquisa - Centro de Pesquisa Agropecuaria do Tropico Umido No 113, 17pp.

Finch-Savage, W.E. 1992a. Seed development in the recalcitrant species Quercus robur L.:
germinability and desiccation tolerance. Seed Sci. Res. 2, 17-22.

Finch-Savage, W.E. 1992b. Embryo water status and survival in the recalcitrant species Quercus
robur L. Evidence for a critical moisture content. J. Exp. Botany 43, 663-669.

Fischer, W., Bergfeld, R., Plachy, C., Schafer, R. and Schopfer, P. 1988. Accumulation of storage
materials, precocious germination and development of desiccation tolerance during seed
maturation in mustard (Sinapis alba L.). Botanica Acta 101, 344-354.

Flemion, F. 1931. After-ripening, germination, and vitality of seeds of Sorbus aucuparia L. Contrib.
Boyce Thompson Inst. 3, 413-439.

Flemion, F. 1937. After-ripening at 5°C favors germination of grape seeds. Contrib. Boyce
Thompson Inst. 9, 7-15.

Flolliot, F.F. and Thames, J.L. 1983. Collection, Handling, Storage and Pretreatment of Prosopis Seeds
in Latin America. Rome: Food and Agriculture Organisation of the United Nations.

Flores, E.M. and Mora, B. 1984. Germination and seedling growth of Pithecellobium arboreum
Urban. Turrrialba 34, 485-488.

Foiles, M.W. 1974. Atriplex L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 240-243.

Fordham, A.J. 1987. Bottle brush buckeye (Aesculus parviflora) and its propagation. Combined
Proceedings, International Plant Propagators® Society 37, 345-347.

Forsyth, C. and Staden, J. Van 1983. Germination of cycad seeds. S. Afr. J. Sci. 79, 8-9.

Fountain, D.W. and Outred, H.A. 1991. Germination requirements of New Zealand native
plants: a review. New Zealand J. Botany 29, 311-316.

Fountain, D.W., Holdsworth, J.M. and Outred, H.A. 1989. The dispersal unit of Dacrycarpus
dacrydioides (A. Rich.) de Laubenfels (Podocarpaceae) and the significance of the fleshy
receptacle. Botanical J. of the Linnean Society 90 197-207.

Fowvells, H.A. 1965. Sivics of forest trees of the United States. Forest Service, USDA. Agriculture
Handbook No 271.

Fox, J., Dixon, B. and Monk, D. 1987. Appendix 6. Germination in other plant families. In
Germination of Australian Native Plant Seed. Ed. P. Langkamp. Melbourne, Sydney: Inkata
Press. Pp. 211-223.

Francisco-Ortega, J., Ellis, R.H., Gonzalez-Feria, E. and Santos-Guerra, A. 1994. Overcoming seed
dormancy in ex situ plant germplasm conservation programmes; an example in the endemic
Argyranthemum (Asteraceae: Anthemideae) species from the Canary Islands. Biodiversity and
Conservation 3, 341-353.

Franklin, J.F. 1974. Abies Mill. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 168-183.

Freitas, S.C., Candido, J.F., Condé, AR. and Ara, T. 1979. Determinacdo de equilibrio
higroscopico e vialibidade de sementes de ipé amarelo (Tabebuia serratifolia (Vahl.) Nichols)
armazena das em diferentes umidades relativas. Revista Arvore, Vigosa 3, 135-144.

Fu, JR., Zhang, B.Z., Wang, X.F. and Qiao, Y.Z. 1989. Desiccation and storage study on four
recalcitrant seeds. International Seed Testing Congress. Edinburgh. Abstracts of papers No 9.
Zurich, Switzerland: ISTA Secretariat.

Fu, JR., Zhang, B.Z., Wang, X.F., Qiao, Y.Z. and Huang, X.L. 1990. Physiological studies on
desiccation, wet storage and cryopreservation of recalcitrant seeds of three fruit species and
their excised embryonic axes. Seed Sci. Technol. 18, 743-754.



74 HANDBOOKS FOR GENEBANKS NO. 4

Fu, J.R., Xia, Q.H. and Tang, L.F. 1993. Effects of desiccation on excised embryonic axes of three
recalcitrant seeds and studies on cryopreservation. Seed Sci. Technol. 21, 85-95.

Fu, JR., lin, JP., Peng, Y.F. and Xia, Q.H. 1994. Desiccation tolerance in two species with
recalcitrant seeds: Clausena lancium Lour. and Litchi chinensis Sonn. Seed Sci. Res. 4, 257-261.

Fu, W. 1951. Germination and storage of trifoliate orange seeds. California Citrograph 37, 38.

Galil, J. and Meiri, L. 1981. Druplet germination in Ficus religiosa L. Israel J. Botany 30, 41-47.

Ganzaugh, N. 1980. The viability and germination capacity of Verbena bonariensis and V. rigida
seeds. Seed Sci. Technol. 8, 615-623.

Garcia, F.P. and Duran, JM. 1989. Germinacion de especies endemicas de las regiones
mediterranea occidental y Macaronesica. Investigacion Agraria Produccion Vegetales 4, 25-33.

Garcia-Franco, J.G. and Perales Rivera, H.R. 1990. (Note on the propagation and loss of viability
of seeds of Chiranthodendron pentadactylon Larr.). Boletin de la Sociedad Botanica de Mexico 50,
157-159. (Seed Abstracts 1993, 16 (3) No 746).

Garrard, A. 1955. The germination and longevity in an equatorial climate. Gardens" Bulletin,
Singapore 14, 534-545.

Gehlsen, C.A. 1937. Observagdes sobre o babasu' (Orbignya speciosa) € sua germinnagao - a
germinacao da oiticica. Bol. Sec. Agr. Ind. Com. Pernambuco 2, 428-433.

Genderen, D.M. van, Jong, P.C. de and Oterdoom, H.J. 1994. Maples of the World. Portland,
Oregon: Timber Press.

Genkel, P.A. 1950. The adaptive significance of dormancy in plants. Proceedings of the 7"
International Botanical Congress, Stockhom, pp. 789-790.

Giersbach, J. and Crocker, W. 1932. Germination and storage of wild plum seeds. Contrib. Boyce
Thompson Inst. 4, 39-52.

Gilbert, O.L. 1993. Regenerating balsam poplar (Populus candicans Ait.) x black poplar (P. nigra L.)
(Salicaceae) at a site in Leeds. Watsonia 19, 188-190.

Gill, J.D. and Pogge, F.L. 1974a. Aronia Med. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 232-234.

Gill, J.D. and Pogge, F.L. 1974b. Chionanthus virginicus L. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 323-325.

Gill, J.D. and Pogge, F.L. 1974c. Cytisus scoparius (L.) Lk. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 370-371.

Gill, J.D. and Pogge, F.L. 1974d. Parthenocissus Planch. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 568-571.

Gill, J.D. and Pogge, F.L. 1974e. Physocarpus Maxim. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 584-586.

Gill, J.D. and Pogge, F.L. 1974f. Pyrus L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 689-691.

Gill, J.D. and Pogge, F.L. 1974g. Rosa L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 732-737.

Gill, J.D. and Pogge, F.L. 1974h. Viburnum L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 844-850.

Giorgis, M.H. 1993. Hydration treatments in lettuce (Lactuca sativa L.) and other species in
relation to longevity and seed quality. Ph.D. Thesis, University of Reading.

Goff, W.D., Brasher, L.R. and McGuire, J.A. 1992. Germination of unstratified pecan is affected
by exposure to high temperature and by soaking. Scientia Horticulturae 50, 159-163.

Goldbach, H. 1979a. Germination and storage of Bixa orellana seeds. Seed Sci. Technol. 7, 399-402.

Goldbach, H. 1979b. Seed storage of Melicoccus bijugatus and Eugenia brasiliensis (E. dombeyi)
using abscisic acid as a germination inhibitor. Seed Sci. Technol. 7, 403-406.

Golosov, N.A. 1938. The collection and storage of linden seeds. Lesnoe Khozyaisto 1, 55-60.

Gomez-Campo, C. 1990. A Germplasm Collection of Crucifers. Madrid: Instituto Nacional de
Investigaciones Agrarias, Ministerio de Agricultura, Pesca y Alimentacion.

Gonzalez, E. 1991. (Moisture content and seed germination in Virola koschnyi and Nectandra
membranacea). Agronomia Costarricense 15, 181-183.

Gonzalez, JE. and Gonzalez, E. 1991. (Moisture content and germination of seeds of Virola
Koschnyi and Nectandra membranacea). Brenesia 35, 81-84. (Seed Abstracts 1993, 16,(9), 3032).

Gonzélez-Benito, M.E. and Pérez-Ruiz, C. 1992. Cryopreservation of Quercus faginea embryonic



SEED STORAGE BEHAVIOUR: A COMPENDIUM 75

axes. Cryobiology 29: 685-690.

Gonzalez-Benito, M.E. and Pérez, C. 1994. Cryopreservation of embryonic axes of two cultivars
of hazelnut (Corylus avellana L.). Cryo-Letters 15, 41-46.

Gonzalez-Benito, M.E., Caze-Filho, J. and Pérez, C. 1994. Cryopreservation of seeds of several
legume species. Plant Varieties and Seeds 7, 23-27.

Gonzalez-Rio, F., Gurriaran, M.J., Gonzalez-Benito, E. and Revilla, M.A. 1994. Desiccation and
cryopreservation of olive (Olea europaea L.) embryos. Cryo-Letters 15, 337-342.

Goo, M.1., Ishikawa, I. and Ikoda, H. 1979. Longevity of Acacia mearnsii De Wild. seeds. 1. Results
of 17 years storage. J. Jpn. Forestry Soc. 61, 53-57.

Goor, A.Y. and Barney, C.U. 1968. Forest Tree Planting in Arid Zones. New York: The Ronald
Press.

Gordon, A.G. 1992. Seed Manual for Forest Trees. Forestry Commission Bulletin 83. London: Her
Majesty's Stationery Office.

Gordon, A.G. and Rowe, D.C.F. 1982. Seed Manual for Ornamental Trees and Shrubs. Forestry
Commission Bulletin 59. London: Her Majesty's Stationery Office.

Gosling, P.G. 1989. The effect of drying Quercus robur acorns to different moisture contents,
followed by storage, either with or without imbibition. Forestry 62, 41-50.

Gosling, P.G. 1991. Beechnut storage: A review and practical interpretation of the scientific
literature. Forestry 64, 51-59.

Grabe, D.F. 1989. Report of the seed moisture 1986-1989 working group on recalcitrant seeds.
Seed Sci. Technol. 17 Supplement, 87-93.

Granda Lorenzo, M.M. and lvanov, V.B. 1987. (Storage of Rauwolfia tetraphylla L. seeds). Revista
Cubana de Farmacia 21, 151-156. (Seed Abstracts 1988, 11 (10) No 2908)

Grezeskowiak K.H., Miara, B. and Suszka, B. 1983. Long-term storage of seeds of Rosaceae
species used as rootstock for cherry, plum, apple, and pear cultivar. Arboretum Kornickie 28,
283-320.

Grime, J.P., Mason, G., Curtis, A.A., Rodman, J., Band, S.R., Mowforth, M.A.G., Neal, A.M. and
Shaw, S. 1981. A comparative study of germination characteristics in a local flora. J. Ecology
69, 1017-1059.

Grisez, T.J. 1974. Prunus L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 658-673.

Grisez, T.J. 1976. Black cherry seeds stored 8 years. Tree Planters' Notes 27, 20-21.

Grout, B.W.W,, Shelton, K. and Pritchard, H.W. 1983. Orthodox behaviour of oil palm seed and
cryopreservation of the excised embryo for genetic conservation. Ann. Botany 52, 381-384.
Grzesik, M. 1993. Effect of storage conditions on the viability of ornamental seeds. In Fourth
International Workshop on Seeds. Basic and Applied Aspects of Seed Biology. Eds D. Céme and F.

Corbineau. Paris: Université Pierre and Marie Curie. Pp. 799-803.

Guo, C.G. and Shi, S.X. 1990. (Conservation of tea and camphor seeds at very low temperatures).
Crop Genetic Resour. 2, 16.

Guppy, H.B., 1897. On the postponement of germination of seeds of aquatic plants. Proc. Roy.
Physiol. Soc. Edinburgh 13, 344-359.

Guppy, H.B. 1912. Studies in Seeds and Fruits. London: Williams and Norgate.

Gupta, B.N. and Sood, O.P. 1978. Storage of Dendrocalamus strictus Nees seed for maintenance of
viability and vigour. Indian Forester 104, 688-695.

Gutterman, Y.,1993. Seed Germination in Desert Plants. Springer-Verlag.

Gyimah, A. 1984. Storage of Mansonia altissima seeds. Technical Bulletin of the Forest Products
Research Institute, Ghana Forestry Commission 4, 16-20. (Seed Abstracts 1990, 13 (7) No 2223)

Haarer, A.E. 1956. Modern coffee production. London: Leonard Hill (Books) Ltd.

Habib, A.F. 1973. Vivipary in Artocarpus heterophyllus Lam. Mysore J. Agric. Sci. 7, 120-121.

Halma, F.F. and Frolich, E. 1949. Storing avocado seeds and hastening germination. California
Avocado Society Yearbook, 136-138.

Hamilton, D.F. and Carpenter, P.L. 1976. Factors influencing low-temperature after-ripening in
seeds of Elaesagnus umbellata Thunb. J. Am. Soc. Hort. Sci. 101, 171-175.

Hamilton, R.A. 1957. A study of germination and storage life of macadamia seed. Proc. Am. Hort.
Soc. 70, 209-212.

Hamilton, R.A. and Sakuoka, R.T. 1976. The effect of refrigerated storage on germination of



76 HANDBOOKS FOR GENEBANKS NO. 4

Macadamia integrifolia seed. 24" Annual Congress of the American Society for Horticultural
Sciences, Tropical Region, Mayaguez, Puerto Rico. Pp. 184-187.

Hammerton, R.D., Smith, M.T. and Staden, J. Van 1989. Factors influencing seed variability and
germination in Hypoxis hemerocallidea Fisch. & Meyer. Seed Sci. Technol. 17, 613-624.

Hampton, J.G. and Kahre, L. 1994. Review. Quality seed for the present and future. Seed Sci.
Technol. 22, 371-384.

Hanelt, V.P. 1977. Okologische und systematische Aspekte der Lebensdauer von Samen.
Biologische Rundschau 15, 81-91.

Hansen, G.P. and Gough, M.C. 1977. Moisture characteristics of macadamia nuts in relation to
storage. J. Sci. Food Agric. 28, 990-995.

Hanson, J. 1984. The storage of seeds of tropical tree fruits. In Crop Genetic Resources: Conservation
and Evaluation. Eds J. HW. Holden and J.T. Williams. London: George Allen and Unwin.
Pp. 53-62.

Hanson, J. 1985. Methods of storing tropical root crop germplasm with special reference to yam.
Plant Genet. Resour. Newsl. 64, 24-32.

Hanson, J. and Imamuddin, H. 1983. Germination and storage behaviour of seeds of Colocasia
gigantea Hook. f. Proceedings of the 6" Symposium of the International Society for Tropical Root
Crops, Peru, February 1983.

Hanson, J. and Sutarto, M.A. The effects of drying and storage on the viability of seeds of
jackfruit, rambuttan and durian. Berita Biologi (Cited by Jean Hanson 1985).

Hanson, J., Williams, J.T. and Freund, R. 1984. Institutes Conserving Crop Germplasm: The IBPGR
Global Network of Genebanks. Rome: International Board for Plant Genetic Resources.

Hanson, J., Mtambo, P.J. and Ruredzo, T.J. 1992. Conservation of forage germplasm with an
emphasis on application of tissue culture techniques in a genebank. Dinteria 23, 60-69.

Hardon, J.J. 1974. Oil-Palm (Elaesis guineensis). In Hanhbook of Plant Introduction in Tropical Crops
No 93. Rome: Plant Production and Protection Division, Food and Agriculture Organisation
of the United Nations.

Harrington, G,T. 1923. After-ripening and germination of apple seeds. J. Agricultural Research 23,
153-161.

Harrington, J.F. 1970. Seed and pollen storage for conservation of plant gene resources. In Genetic
Resources in Plants. Their Exploration and Conservation. Eds O.H. Frankel and E. Bennett.
Oxford: Blackwvell. Pp. 501-521.

Harrington, J.F. 1972. Seed storage and longevity. In Seed Biology. Ed. T.T. Kozlowski, Volume IlI.
New York & London: Academic Press.

Harris, A.S. 1974. Chamaecyparis Spach. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 316-320.

Harris, A.S. and Stein, W.1. 1974. Sorbus L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 780-784.

Harrison, A. 1989. Results of a seed pre-treatment trial on rakchan (Daphniphyllum himalense).
Pokhara, Nepal Technical Paper - Lumle Agricultural Centre No 15, 9pp. (Seed Abstracts 1993, 16
(3), No 1879).

Hartley, C.W.S. 1988. The oil palm (3rd edition). London: Longman.

Hartmann, H.T. and Kester, D.E. 1975. Plant Propagation: Principles and Practices. New Jersey:
Prentice Hall, Inc. Englewood Clifts.

Hartmann, W. 1989. Influence of light and GA, on germination of Corylus colurna and Corylus
avellana after dry storage. Gartenbauwissenchaft 54, 256-260.

Hatano, K. and Tanaka, Y. 1979. A review of papers published in the Proceedings of the IUFRO
International Symposium on the physiology of seed germination. Seed Sci. Technol. 7, 47-56.

Haut, I.C. 1932. The influence of drying on the after-ripening and germination of fruit tree seeds.
Proc. Am. Soc. Hort. Sci. 29, 371-374.

Havel, JJ. 1965. Plantation establishment of Klinkii pine (Araucaria hunsteinii) in New Guinea.
Commonw. Forestry Rev. 44, 172-186.

Haverbeke, D.F. Van and Peterson, G.W. 1989. Effect of storage temperature on germination of
seeds of twenty sources of ponderosa pine. Research Note - Rocky Mountain Forest and Range
Experiment Station No RM-490. Forest Service, USDA.

Heit, C.E. 1967a. Propagation from seed. VI. Hardseededness - a critical factor. Am. Nurseryman



SEED STORAGE BEHAVIOUR: A COMPENDIUM 77

125, 10-12, 88-96.

Heit, C.E. 1967b. Propagation from seed. X. Storage methodes for conifer seeds. Am. Nurseryman
126, 10-14, 38, 40, 42-44, 46, 48, 50, 52,54.

Heit, C.E. 1967c. Propagation from seed. XI. Storage of deciduous tree and shrub seeds. Am.
Nurseryman 126, 12-13, 86-94.

Hernandez, M.D.C.R. 1992. Estudio sobre ecologia fisiologica de la germinacion de siete especies
tropicales para fines de conservacion ex situ. Ph.D. Thesis, Universidad Nacional Autonoma
De Mexico, Noviembre de 1992.

Heydecker, W. 1977. Stress and seed germination: an agronomic view. In The Physiology and
Biochemistry of Seed Dormancy and Germination. Ed. A.A. Khan. Amsterdam: Elsevier
Biomedical Press. Pp. 237-282.

Hinze, E., Ludwig, H. and Jungles, W. 1975. (Viability of true potato seed stored up to 4 years
under different conditions). Ziemniak (1975), 186-194 (Seed Abstracts 1978, 1 (1), No 170).

Hofmann, P. and Steiner, A.M. 1989. An updated list of recalcitrant seeds. Landwirtschaftliche
Forschung 42, 310-323.

Holmes, G.D. and Buszewicz, G. 1956. Longevity of acorns with several storage methods. Forest
Tree Seed Investigations. Report on Forest Research, Forestry Commission, London 1954/1955,
pp. 88-93.

Holmes, G.D. and Buszewicz, G. 1957. Forest Tree Seed Investigations. Report on Forest Research,
Forestry Commission, London 1957, pp. 18-19.

Holmes, G.D. and Buszwicz, G. 1958. The storage of seed of temperate forest tree species.
Forestry Abstracts 19, 313-322.

Holmes, G.D. and Buszewicz, G. 1959. Forest Tree Seed Investigations. Report on Forest Research,
Forestry Commission, London 1958/1959, pp. 15-18.

Hong, T.D. and Ellis, R.E. 1990. A comparison of maturation drying, germination, and
desiccation tolerance between developing seeds of Acer pseudoplatanus L. and Acer platanoides
L. New Phytologist 116, 598-596.

Hong, T.D. and Ellis, R.H. 1992a. Development of desiccation tolerance in Norway maple (Acer
platanoides L.) seeds during maturation drying. Seed Sci. Technol. 2, 169-172.

Hong, T.D. and Ellis, R.H. 1992b. The survival of germinating orthodox seeds after desiccation
and hermetic storage. J. Exp. Botany 43, 239-247.

Hong, T.D. and Ellis, R.H. 1992c. Optimum air-dry seed storage environments for arabica coffee.
Seed Sci. Technol. 20, 547-560.

Hong, T.D. and Ellis, R.H. 1995. Interspecific variation in seed storage behaviour within two
genera - Coffea and Citrus. Seed Sci. Technol. (in press)

Hong, T.D. and Ellis, R.H. 1996. A Protocol To Determine Seed Storage Behaviour. Rome:
International Plant Genetic Resources Institute (in press)

Honjo, H. and Nakagawa, Y. 1978. Suitable temperature and seed moisture content for
maintaining the germinability of Citrus seed for long term storage. In Long Term Preservation
of Favourable Germplasm in Arboreal Crops. Eds T. Akihama and K.Nakajima. Tokyo, Japan:
Ministry of Agriculture and Forestry. Pp. 31-35.

Hor, Y.L., Chin, H.F. and Karim, M.Z. 1984. The effect of seed moisture and storage temperature
on the storability of cocoa (Theobroma cacao) seeds. Seed Sci. Technol. 12, 415-420.

Hor, Y.L., Stanwood, P.C. and Chin, H.F. 1990. Effects of dehydration on freezing characteristics
and survival in liquid nitrogen of three recalcitrant seeds. Pertanika 13, 309-314.

Hor, Y.L., Chin, H.F. and Moorthy, A. 1992. Preservation techniques of recalcitrant seeds. IBPGR
Project 90/35, Progress Report No 4.

Hor, Y.L., Stanwood, P.C. and Chin, H.F. 1993. Cryopreservation of Coffea liberica seeds and
embryos following desiccation and freezing treatments. Pertanika J. Trop. Agric. Sci. 16, 75-80.

Howard, H.W. 1980. Storage of true seeds of potatoes for 25 years. Potato Research 23, 241-242.

Hu, J.,, Guo, C.G. and Shi, S.X. 1993. Partial drying and post-thaw preconditioning improve the
survival and germination of cryopreserved seeds of tea (Camellia sinensis). FAO/IBPGR Plant
Genet. Resour. Newsl. 93, 1-4.

Hu, J.,, Guo, C.G. and Shi, S.X. 1994. Partial drying and post-thaw preconditioning improve the
survival and germination of cryopreserved seeds of tea (Camellia sinensis). FAO/IBPGR Plant
Genet. Resour. Newsl. 94, 25-28.



78 HANDBOOKS FOR GENEBANKS NO. 4

Hu, R.L., Zhang, S.W. and Guan, Q.L. 1988. (Study on seed storage of Apocynum hendersonii and
Apocynum venetum). Acta Agron. Sin. 14, 28-35.

Huang, C. -S. 1978. Cytological and agronomical studies on American wild rice, Zizania palustris,
and its related species. J. Agric. Assoc. China 103, 20-42.

Huang, S.G. 1964. (The effect of storage methods and storage periods on the germination
percentage of Michelia compressa (Max.) Sargent seeds. Bull. Taiwanese Forestry Res. Inst. 183,
1614-1616.

Hubbard, R.L. 1974a. Castanopsis (D. Don) Spach. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 276-277.

Hubbard, R.L. 1974b. Rhamnus L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 704-708.

Huc, R. and Bariteau, M. 1987. Tabebuia heterophylla (DC.) Britton; données nouvelles sur la
reproduction sexuée et végétative. Ann. Sci. Forestieres 44, 359-363.

Huntzinger, H.J. 1971. Long-term storage of black cherry seed - Is it effective? Tree Planters’ Notes
22, (4), 3-4.

Huxley, P.A. 1964a. Some factors which can regulate germination and influence viability of
coffee seeds. Proc. Int. Seed Testing Assoc. 29, 33-60.

Huxley, P.A. 1964b. Investigations on the maintenance of viability of robusta coffee seed in
storage. Proc. Int. Seed Testing Assoc. 29, 423-444.

Hylton, L.O. Jr. 1974. Penstemon Mitch. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 574-575.

Ibrahim, A.E. 1981. The effect of moisture content, oxygen availability and temperature on
survival of lettuce (Lactuca sativa L.) and onion (Allium cepa L.) seed. Ph.D. Thesis, Reading
University.

Ibrahim, A.E. and Roberts, E. H. 1983. Viability of lettuce seeds. I. Survival in hermetic storage. J.
Exp. Botany 34, 620- 630.

Ibrahim, A.E., Roberts, E.H. and Murdoch, AJ. 1983. Viability of lettuce seeds. Il. Survival and
oxygen uptake in osmotically controlled storage. J. Exp. Botany 34, 631-640.

International Board For Plant Genetic Resources 1976. Report of IBPGR working group on
engineering, design and cost aspects of long-term seed storage facilities. Rome: International
Board for Plant Genetic Resources.

International Board For Plant Genetic Resources 1992. IBPGR Annual Report 1991. Rome:
International Board For Plant Genetic Resources.

International Seed Testing Association 1993a. International rules for seed testing. Rules 1993. Seed
Sci. Technol. 21, Supplement, 1-75.

International Seed Testing Association 1993b. International rules for seed testing. Annexes 1993.
Seed Sci. Technol. 21, Supplement, 79-287.

Iriondo, J.M., Pérez, C. and Pérez-Garcia, F. 1992. Effect of seed storage in liquid nitrogen on
germination of several crop and wild species. Seed Sci. Technol. 20,165-171.

Irving, R.M. 1968. Study on dormancy, germination, and growth of seeds and buds of Acer
negundo. Plant Physiology 43 Supplement, S49.

Jackson, G.V.H., Ball, E.A. and Arditti, J. 1977. Seed germination and seedling proliferation of
taro, Colocasia esculenta (L.) Schott. in vitro. J. Hort. Sci. 52, 169-171.

Jackson, J.K. 1987. Manual of Afforestation in Nepal. Nepal-UK Forestry Research Project, pp. 303-304.

Janerette, C.A. 1979a. Seed dormancy in sugar maple. Forest Sci. 24, 307-311.

Janerette, C.A. 1979b. The effects of water soaking on the germination of sugar maple seed. Seed
Sci. Technol. 7, 341-346.

Jarvis, B.C. 1975. The role of seed parts in the induction of dormancy of hazel (Corylus avellana
L.). New Phytologist 75, 491-494.

Jaynes, R.A. 1969. Long-term storage of chestnut seed and scion wood. 60" Annual Report
Northern Nut Growerrs Association, East Lansing, Michigan, 38-42.

Jaynes, R.A. 1971. Seed germination of six Kalmia spcies. J. Am. Soc. Hort. Sci. 96, 668-672.

Jaynes, R.A. 1982. Germination of Kalmia seed after storage of up to 20 years. HortScience 17, 203.

Jin, B. and Dong, H.R. 1991. (Seeds of Toona sinensis and their physiological changes during
storage). Acta Agriculturae Shanhai 7, 38-42. (Seeds Abstracts 1994, 17, No3438)

Johnsen, T.N. Jr. and Alexander, R.A. 1974. Juniperus L. In Seeds of Woody Plants in the United



SEED STORAGE BEHAVIOUR: A COMPENDIUM 79

States. Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 460-469.

Johnson, L.C. 1974a. Cupressus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington, DC: Forest Service, USDA. Pp. 363-369.

Johnson, L.C. 1974b. Metasequoia glyptostroboides L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 540-541.

Johnston, M., Olivares, A. and Fernandez, G. 1992. (Germination capacity of species from annual
Mediterranean grasslands. I. Effect of time since harvest.). Phyton (Buenos Aires) 53, 117-124
(Seed Abstracts 1993, 16, No 4045).

Joley, L.E. 1960. Experience with propagation of the genus Pistacia. Proc. Plant Propagator’s Soc.
10, 287-292.

Joley, L.E. and Opitz, K.W. 1971. Further experience with propagation of Pistacia. Combined Proc.
Int. Plant Propagator’s Soc. 21, 67-76.

Jones, A. and Dukes, P.D. 1982. Longevity of stored seed of sweet potato. HortScience 17, 756-757.

Jones, H.A. 1920. Physiological study of maple seeds. Botanical Gazette 69, 127-152.

Jones, L. 1967. Effect of storage at various moisture contents and temperatures on seed
germination of silk oak, Australian pine, and Eucalyptus spp. USDA, Forest Service,
Southeastern Forest Experiment Station, Asheville. Research Note SE-83.

Jones, T.A. and Nielson, D.C. 1992. Germination of pre-chilled mechanically scarified and
unscarified indian rice grass seed. J. Range Manage. 45, 175-179.

Jonhson, P. and Morales, R.A. 1972. A review of Cordia alliodora (Ruiz & Pav.) Oken. Turrialba
(Costa Rica) 22,210-220.

Jorgensen, J. 1990. Conservation of valuable gene resources by cryopreservation in some forest
tree species. J. Plant Physiol. 136: 373-376.

Joseph, H.C. 1929a. Germination and vitality of birch seeds. Botanical Gazette 87, 127-151.

Joseph, H.C. 1929b. Germination at keeping quality of parsnip seeds under various conditions.
Botanical Gazette 87 195-210.

Judin, V.G. 1970. The optimum germination temperatures for tree seeds depending on the
duration of the cold stratification. Proceedings of the International Symposium of Seed Physiology
Woody Plants, Warszawa. Pp. 85-90.

Kaldavathi, D. and Vanangamudi, K. 1990. Seed size, seedling vigour and storability in cluster
beans. Madras Agric. J. 77, 39-40.

Kameswara Rao, N., Appa Rao, S., Mengesha, M.H. and Ellis, R.H. 1991. Longevity of pearl
millet (Pennisetum glaucum R.Br.) seeds harvested at different stages of maturity. Ann. Appl.
Biol. 119, 97-103.

Kami_ski, W. and Zagaja, S.W. 1974. (Secondary dormancy of apple seeds. Part IA. The effect of
raised temperature). Prace Instytutu Sadownictwa w Skierniewicach, A 18, 3-8.

Kamra, S.K. 1990. Improving the forest seed situation in some African countries. In Tropical Tree
Seed Research- ACIAR Proceedings No 28, 126-131.

Kandya, A.K. 1987. Forest seed in India: Research and problems. In Procceedings of the
International Symposium on Forest Seed Problems in Africa. Harare, Zimbabwe, August 23 -
Sept. 2 1987. Ed. S.K. Kamra. Sweden, Umea: Swedish Agriculture University.

Kannan, K. and Balakrishnan, S. 1967. A note on the viability of cinnamon seeds (Cinnamomum
zeylanicum Nees). Madras Agric. J. 4, 78-79.

Karivaratharaju, T.V., Natarajan, N. and Rai, R.S.V. 1987. Studies on the seed of Dendrocalamus
strictus. Vanvigyan 25, 29-31.

Katsuo, K., Toyao, T. and Kayumi, S. 1970. (The germination of tea seed. Part IA. Relation of the
picking period and conditions for storage to the seed germination). Study of Tea 39, 14-19.
Kaul, M.L.H. 1979. The life-span of some indian forest seeds. Beitrage zur Tropischen Lanwirtschaft

und Veternarmedzin 17, 283-286.

Kay, B.L., Pergler, C.C. and Graves, W.L. 1984. Storage of seed of Mojave Desert shrubs. J. Seed
Technology 9, 20-28.

Kay, B.L., Graves, W.L. and Young, J.A. 1988. Long-term storage of desert shrub seed. Mojave
Revegetation Notes No 23. Davis: University of California, Agronomy and Range Science.
Kebebew, F. 1988. PGRC/E takes steps to conserve ye-eb nut (Cordeuxia edulis) the most hardy
shrub in South East Ethiopia. PGRC/ ILCA Germplasm Newsl., 17 April 1988.
Keiding, H. 1985. Teak, Tectona grandis Linn. Danida Forest Seed Centre, Seed Leaflet 4.



80 HANDBOOKS FOR GENEBANKS NO. 4

Kengue, J. and Ngatchou, J.N. 1990. Probléme de conservation du pouvoir germinatif chez les
graines de safoutier (Dacryodes edulis). Fruits 45, 409-411.

Kermode, A.R. and Bewley, J.D. 1985. The role of maturation drying in the transition from seed
development to germination. I. Acquisition of desiccation-tolerance and germinability
during development of Ricinus communis L. seeds. J. Exp. Botany 36, 658-672.

Kermode, A.R., Dumbroff, E.B. and Bewley, J.D. 1989. The role of maturation drying in the
transition from seed development to germination. VII. Effects of partial and complete
desiccation on abscisic acid levels and sensitivity in Ricinus communis L. seeds. J. Exp. Botany
40, 303-313.

Khandige, S.B. 1956. The influence of drying on the germination of seed arecanuts (Areca catechu
L.). Madras Agric. J. 43, 3-6.

Khare, P.K., Yadav, V.K. and Mishra, G.P. 1987. Collection, germination and storage of Shorea
robusta Gaertn. seeds. In Procceedings of the International Symposium on Forest Seed Problems in
Africa. Harare, Zimbabwe, August 23 - Sept. 2 1987. Ed. S.K. Kamra. Sweden, Umea:
Swedish Agriculture University. Pp. 154-157.

Khare, P.K., Yadav, V.K. and Mishra, G.P. 1989. Electrical conductivity as an indicator of
orthodox and recalcitrant seed physiology in tropical forest trees. Current Science 58, 1336-
1339.

Kim, D.A., Hur, S.H., Kim, Y.Z. and Park, C.M. 1983. Seombadi (Dystaenia takesimana (Nakai)
Kitagawa), a new forage plant: its germination and early growth characteristics. In
Proceedings of the X1V International Grassland Congress, Lexington, Kentucky, USA, June 15-24
1981. Eds J.A. Smith and V.W. Hays. Boulder, Colorado, USA: West View Press. Pp. 387-
390.

Kimariyo, P.E. 1973. Handling hardwood seeds in Tanzania. In International Symposium on Seed
Processing: Seed Problems. Bergen, Norway. IUFRO 11, Paper 16.

King, JJ. and Bridgen, M.P. 1990. Environmental and genotypic regulation of Alstroemeria seed
germination. HortScience 25, 1607- 1609.

King, M.W. and Roberts, E.H. 1979. The Storage of Recalcitrant Seeds: Achievements and Possible
Approaches. Rome: International Board for Plant Genetic Resources. Pp. 96.

King, M.W. and Roberts, E.H. 1980a. Maintenance of recalcitrant seeds in storage. In Recalcitrant
Crop Seeds. Eds H.F. Chin and E.H. Roberts. Kuala Lumpur: Tropical Press. Pp. 53-89.

King, M.\W. and Roberts, E.H. 1980b. A strategy for future research into the storage of
recalcitrant seeds. In Recalcitrant Crop Seeds. Eds H.F. Chin and E.H. Roberts. Kuala Lumpur:
Tropical Press. Pp. 90-110.

King, M.W. and Roberts, E.H. 1980c. The desiccation response of seeds of Citrus limon L. Ann.
Botany 45, 489-492.

King, M.W. and Roberts, E.H. 1982. The imbibed storage of cocoa (Theobroma cacao) seeds. Seed
Sci. Technol. 10, 535-540.

King, M.W., Soetisna, U. and Roberts, E.H. 1981. The dry storage of Citrus seeds. Ann. Botany 48,
865-872.

Kobmoo, B., Chaichanasuwat, O., Wasuwanich, P. and Pukitayakamee, P. 1988. Studies on
maturation, germination and storage of Hopea odorata. Proceedings of 4" Seminar on
Silviculture, 18-22 January 1988. Bangkok: Royal Forest Department.

Koopman, M.J.F. 1963. Results of a number of storage experiments conducted under controlled
conditions (other than agricultural seeds). Proc. Int. Seed Testing Assoc. 28, 853-860.

Kosasih, A.S. and Supriana, N. 1986. (A preliminary experiment on the viability of Macadamia
hildebrandii seeds). Bull. Penelitian Kehutanan 2, 9-14.

Koster, K.L. and Leopold, A.C. 1988. Sugars and desiccation tolerance in seeds. Plant Physiology
88: 829-832.

Kotobuki, K. 1978. Seed storage of japanese persimon (Diospyros kaki). In Long Term Preservation of
Favourable Germplasm in Arboreal Crops. Eds T. Akihama and K. Nakajima. Japan: Ministry of
Agriculture and Forestry. Pp. 36-42.

Kovach, D.A and Bradford, K.J. 1992a. Temperature dependence of viability and dormancy of
Zizania palustris var. interior seeds stored at high moisture contents. Ann. Botany 69, 297-301.

Kovach, D.A and Bradford, K.J. 1992b. Imbibitional damage and desiccation tolerance of wild
rice (Zizania palustris) seeds. J. Exp. Botany 43, 747-757.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 81

Kowalski, R.M. and Kowecki, Z. 1982. Physiology of breaking hazel seed dormancy. I.
Germination of stratified seeds in the year of harvest and after storage for one year. Roczniski
Nauk Rolniczych 105, 179-190.

Kraak, H.L. and Vos, J. 1987. Seed viability constants for lettuce. Ann. Botany 59, 353-359.

Krajicek, J.E. 1968. Acorn Moisture Content Critical for Cherry Bark Oak Germination. US Forest
Service, North Central Forest Experimental Station. Research Note NC-63.

Kretschmer, M. 1989. Influence of different storage conditions on germination of spice seeds.
Acta Hort. 253, 99-105.

Kreyer, T. 1939. (The storage of seeds of the quinine tree). Soviet Subtropics (Moscow) 1, 49.

Krishna, M.P.R. and Shanker, G. 1974. Studies on the longevity of citrus seed under various
storage conditions. Plant Science 6, 103-104.

Krishnapillay, B., Marzalina, M. and Alang, Z.C. 1994. Cryopreservation of whole seeds and
excised embryos of Pterocarpus indicus. J. Trop. Forest Sci. 7, 313-322.

Krishnasamy, V. 1990. Assessment of critical moisture content of seed viability in jack. South
Indian Hort. 38, 218-219.

Krochmal, A. 1974. Myrica L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington, DC: Forest Service, USDA. Pp. 548-550.

Krugman, S.L. 1974a. Eucalyptus L'Herit. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 384-392.

Krugman, S.L. 1974b. Menodora scabra A. Gray. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 539.

Krugman, S.L. 1974c. Olea europaea L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 558-559.

Krugman, S.L. 1974d. Washingtonia filifera (Linden) Wendl. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 855-856.
Krugman, S.L. and Jenkinson, J.L. 1974. Pinus L. In Seeds of Woody Plants in the United States.

Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 598-638.

Kuo, W.H.J. 1991. On the prediction of the storage longevity of muskmelon seeds. Mem. Coll.
Agric., Nat. Taiwan Univ., Taipei, Taiwan 31, 22-29.

Kuo, W.H.J., Shan, M-L. and Tseng, M-T. 1990. Effects of temperature and seed moisture content
on the longevity of sorghum seeds. J. Agric. Assoc. China, New Series 149, 41.

Kurtz, E.B. 1958. Chemical basis of adaptation in plants. Science 128, 1115-1117.

Labeke, M.C. van, Degeyter, L. and van Labeke, M.C. 1989. Het bewaren van zaden van Quercus
spp. Verbondsnieuws voor de Belgische Sierteelt 33, 895-897. (Seed Abstracts 1990, 13, No. 3963).

Lago, AA,, Zink, E., Razera, L.F., Banzatto,N.V. and Filho, A.S. 1979. Dorméncia em sementes
de trés cultivares de mamona. Bragantia 38, 41-44.

Lamont, G.P. 1985. Native rose. 2. Propagation. Australian Plants 13, 210-212.

Lamprecht, H. 1956. Estudios sobre la capacidad germinativa de las semillas de Cedrela odorata
en releccion con el metodo de almacenamiento. Bo. Fac. Cienc. For. Univ. Los Andes 3, 12

Langkamp, P. and Plaisted, M. 1987. Appendix 1. Native plant seed usage by the mining
industry - a survey. In Germination of Australian Native Plant Seed. Ed. P. Langkamp.
Melbourne, Syney: Inkata Press. Pp. 135-181.

Large, J.R., Fernholz, D.L., Merrill, S. Jr. and Potter, G.F. 1947. Longevity of tung seeds as
affected by storage temperatures. Proc. Am. Soc. Hort. Sci. 49, 147-150.

Ledo, N.V.M. 1984. Conservagdo de sementes de morototd (Didymopanax morototoni (Aublet.)
Decne. In Simpésio Internacional: Métodos de Producdo e Controle de Qualidade de Sementes e
Mudas Florestais, Curitiba-Pr, Mar. 19-23 1984.

Lee, W.H., Kim, S.B. and Kwack, B.H. 1991. (The characteristics of Sicyos angulatus L. growing
wild in the Andong area and its potential as a rootstock for cucurbitaceous crop). J. Korean
Soc. Hort. Sci. 32, 299-304. (Seed Abstracts 1994, 17 (2) No 452)

Legesse, N. 1992. In Vitro methods for the rapid germination of seeds of Podocarpus falcatus. Sinet,
an Ethiopian J. Sci. 15, 85-97.

Lemmens, R.H.M.J and Wulijarni-Soetjipto, N. 1991. Plant Resources of South-East Asia. No 3. Dye
and Tannin-producing Plants. Wageningen: Pudoc.

Lempiainen, T. 1989. Germination of the seeds of ulluco (Ullucus tuberosus, Basellaceae). Econ.
Botany 43, 456-463.



82 HANDBOOKS FOR GENEBANKS NO. 4

Leon, N.J.De 1961. Viability of palm seeds. Am. Hort. Magazine 40, 131-132.

Leopold, A.C. and Vertucci, C.W. 1989. Moisture as a regulator of physiological reaction in
seeds. In Seed Moisture Content. CSSA Special Publication Number 14. Eds P.C. Stanwood and
M.B. McDonald. Madison, Wisconsin: Crop science society of America. Pp. 51-67.

Lerman, J.C. and Cigliano, E.M. 1971. New Carbon-14 evidence for six hundred years old Canna
compact seed. Nature 232, 568-570.

Lewis, G.J., Obermeyer, A.A. and Barnard, T.T. 1972. A revision of the South African species of
gladiolus. J. South African Botany Supplement, 10.

Lichko, N.M. and Lavrik, I.P. 1991. (Conditions and methods of storage for seed of
unconventional fodder crops). Izvestiya Timiryazevskoi Sel*skokhozyaistvennoi Akademii 3, 32-
43. (Seed Abstracts 1993, 16, 1609).

Lim, C.1., Park, KW. and Park, S.K. 1989. (Studies on the year-round production of perilla for
leaves. 3. Studies on planting density, leaf picking methods and date, and germination).
Research Reports of the Rural Development Administration, Horticulture 31, 1-8.

Lim, K.B. and Lee, H.J. 1989. (Seed dormancy of Jerusalem artichoke (Helianthus tuberosus L.) and
seed treatment for germination induction). Korean J. Crop Sci. 34, 370-377.

Lin, T.P. and Chen, M.C. 1993. (Desiccation intolerance in seeds of Machilus kusanoi Hay.). Bull.
Taiwan Forestry Res. Inst. 8, 143-147.

Lin, T.P. and Huang, N-H. 1994. The relationship between carbohydrate composition of some
tree seeds and their longevity. J. Exp. Botany 45, 1289-1294.

Lin, T.P. and Wu, J-C. 1995. Seed storage behaviour of Michelia compressa (Max.) Sargent. Seed Sci.
Technol. 23, 309-319.

Lin, T.P., Juang, S.T. and Chung, Y.L.,1993. Recalcitrant seed storage behaviour in Machilus
zuihoensis Hay. Bull. Taiwan Forestry Res. Inst. 8, 297-300.

Little, S. 1974. Ailanthus altissima (Mill.) Swingle. In Seeds of Woody Plants in the United States.
Washington, DC: Forest Service, USDA. Pp. 201-202.

Loomis, H.F. 1958. The preparation and germination of palm seeds. Principes 2, 98-102.

Loomis, H.F. 1961. Culture of the palms. Preparation and germination of palm seeds. Am. Hort.
Magazine 40, 128-130.

Mabberley, D.J. 1987. The Plant-Book. A Portable Dictionary of the Higher Plants. Cambridge
University Press.

MacArthur, J.D. and Fraser, J.W. 1963. Low temperature germination of some Eastern Canadian
tree seed. Forestry Chronicle 39, 478-479.

Madhusudanan, K.N. and Basu, V. 1994. Recalcitrancy, viability and germination of nutmeg
seeds. J. Plantation Crops 22, 25-29.

Maeda, J.A. and Matthes, L.A.F. 1984. (Conservation of ipe seeds). Bragantia 43, 51-61 (Seed
Abstracts 1986, 9, No 1007)

Magill, A.W. 1974. Photinia arbutifolia Lindl. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 582-583.

Maithani, G.P., Bahuguna, V.K., Sood, O.P. and Rawat, M.M.S. 1987a. Effect of temperature and
containers on Holoptelia (Holoptelea) integrifolia Planch. seeds for maximum retention of
viability and vigour. Indian Forester 113, 466-470.

Maithani, V.K., Rawat, M.M.S. and Maithani, K.C. 1987b. Investigation of the seed of Michelia
champaca Linn. for perfection of optimum conditions of storage. Indian Forester 113, 243-248.

Maithani, G.P., Bahuguna, V.K., Rawat, M.M.S. and Sood, O.P. 1989. Fruit maturity and
interrelated effects of temperature and container on longevity of neem (Azadirachta indica)
seeds. Indian Forester 115, 89-97.

Major, R.L. 1972. Seed dormancy of side-oats gramagrass Bouteloua curtipendula (Michx.). Diss.
Abstr. 33B, 531.

Mallareddy, K., Sharma, B.B. and Singh, R. 1977. Changes in germinability of citrus seeds during
storage. Seed Research 5, 145-151.

Marin, M.L., Mafla, G., Roca, W.M. and Withers, L.A. 1990. Cryopreservation of cassava zygotic
embryos and whole seeds in liquid nitrogen. Cryo-Letters 11, 257-264.

Marku, N.P. 1991. (Initial ontogenic stages of Calamintha nepeta (L.) Savi, introduced in the
botanic garden of the Academy of Sciences in Moldova). Rastitel'nye Resursy 27, 45-49. (Seed
Abstracts 1995, 18 (3) No 772).



SEED STORAGE BEHAVIOUR: A COMPENDIUM 83

Marrero, J. 1943. A seed storage study of some tropical hardwoods. Caribbean Forestry 4, 99-106.

Martin, F.W. and Ruberté, R. 1976. Germination and longevity of cassava seeds. Trop. Root and
Tuber Crops Newsl. 9, 54-56.

Martin, S.C. 1974. Larrea tridentata Vail. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 486-487.

Martin, S.C. and Alexander, R.R. 1974. Prosopis juliflora (Swartz) DC. In Seeds of Woody Plants in
the United States. Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp.
656-657.

Martini 1985. (Storage behaviour of Swietenia macrophylla and Agathis loranthifolia seed). Bull.
Peneltian Hutan 468, 24-37. (Seed Abstracts 1989, 12, No 3650).

Maruyama, E. and Yokoyama, T. 1987. (Seed storage of tornillo (Cedrelinga catenaeformis Ducke.).
Tropical Forestry, New Series 10, 38-41.

Maruyama, E., Yokoyama, T. and Migata, K. 1989. Effect of temperature and pre-heating on
germination of Guazuma crinita Mart. and Guazuma ulmifolia Lam. seeds. J. Jpn. Forestry Soc.
71, 65-68.

Masano 1990. Sugar palm (Arenga pinnata) and its seed problems in Indonesia. In Tropical Tree
Seed Research. Ed. JW. Turbull. Canberra: Australian Centre for International Agriculture
Research. Pp. 18-20.

Mathew, L. 1992. Viability and germination studies in nutmeg seeds (Myristica fragrans). Indian
Cocoa, Arecanut and Spices Journal 16, 21-23. (Seed Abstracts 1994, 17 (4), No 1165).

Matthews, S. 1973. Changes in developing pea (Pisum sativum) seed in relation to their ability to
withstand desiccation. Ann. Appl. Botany 75, 93-105.

Matumura, M. and Nakajima, N. 1981. (Fundamental studies on artificial propagation by
seeding useful wild grasses in Japan. VIIl. Some observations concerning the seed
propagation of the dwarf bamboo, Sasa senanensis Rehd.). Res. Bull. Faculty of Agric., Gifu
Univ. 45, 289-297.

Maury-Lechon, G., Corbineau, F. and Come, D. 1980. Données préliminaires sur la germination
des graines et la conservation des plantules de Symphonia globulifera L. f. (Guttifere). Revue
Bois et Foréts des Tropiques 193, 35-40.

Maury-Lechon, G., Hassan, A.M. and Bravo, D.R. 1981. Seed storage of Shorea parvifolia and
Dipterocarpus humeratus. Malaysian Forester 44, 267-280.

Maury-Lechon, G., Dorffling, K., Trung, T.V. and Phong, N.T. 1993. Trials to delay germination
in Hopea odorata, viethamese Dipterocarpaceae. In Fourth International Workshop on Seeds.
Basic and Applied Aspects of Seed Biology. Eds D. Céme and F. Corbineau. Paris: Université
Pierre and Marie Curie. Pp. 857-862.

Mayeux, H.S. and Leotta, L. 1981. Germination of broom snake weed and thread leaf
snakeweed. Weed Sci. 29, 530-534.

McKersie, B.D. and Stinson, R.H. 1980. Effect of dehydration on leakage and membrane
structure in Lotus corniculatus L. seeds. Plant Physiology 66, 316-320.

McKersie, B.D. and Tomes, D.T. 1980. Effects of dehydration treatments on germination,
seedling vigour and cytoplasmic leakage in wild oats and birds' foot trefoil. Can. J. Bot. 58,
471-476.

Medeiros, A.C.de.S. and Cavallari, D.A.N. 1992. Conservacao de germplasma de aroeira
(Astronium urundeuva (Fr. All.) Engl.). . Germinacao de sementes apos imersao em
nitrogenio liquido (-196°C). Rev. Brasil. de Sementes 14, 73-75.

Melchior, G.H. 1986. Genetic differences in ability of aspen families to sustain long term storage
of seeds. In Proceedings of the International Symposium on Seed Problems under Stressfull
Conditions. Ed. J. Nather. Vienna and Gmunden, Austria. Pp. 58-70.

Mensa, E.G. and Acosta, H.D.G. 1990. Index Seminum Jardin Botanico Nacional de Cuba. 40pp.

Merrill, SJr. 1947. Germination of early-planted and late-planted tung seeds as affected by
stratification and various seed treatments. Proc. Am. Soc. Hort. Sci. 49, 151-157.

Meryman, H.T. and Williams, R.J. 1981. Mechanisms of freezing injury and natural tolerance and
the principles of artificial cryoprotection. In Crop Genetic Resources - The Conservation of
Difficult Material. Eds L.A. Withers and J.T. Williams. Paris: International Union of Biological
Sciences. Pp. 5-37.

Michalska, S. 1982. Embryonal dormancy and induction of secondary dormancy in seeds of



84 HANDBOOKS FOR GENEBANKS NO. 4

Mazzard cherry (Prunus avium L.). Arboretum Kérnickie 27, 311-332.

Midya, S. 1994. Cryogenic preservation of bamboo (Bambusa arundinacea) seeds for propagation
in forests. Indian Forester 120, 541-543.

Milberg, P. 1994. Germination of up to 129-year-old, dry stored seeds of Geranium bohemicum
(Geraniaceae). Nordic J. Botany 14, 27-29.

Milimo, P.B. 1987. Tree seed problems constraining the development of dryland afforestation
systems in Kenya. In Proceedings of the International Symposium on Forest Seed Problems in
Africa. Harare, Zimbabwe, Aug. 23 - Sept. 2 1987. Ed. S.K. Kamra. Sweden: Swedish University
of Agricultural Science. Pp. 28-34.

Mitchell, H.W. 1988. Cultivation and harvesting of the arabica coffee tree. In Coffee. Vol. 4.
Agronomy. Eds R.J. Clarke and R. Macrae. London: Elsevier. Pp. 43-90.

Mobayen, R.G. 1980. Germination of trifoliate orange seed in relation to fruit development,
storage and drying. J. Hort. Sci. 55, 285-289.

Mohamad, A. and Rahman, Z.A. 1990. A note on germination characteristics of Calamus manan
and Calamus tumidus under laboratory and nursery conditions. J. Tropical Forest Sci. 2, 260-
262.

Mok, C.K. and Hor, Y.L. 1977. The storage of oil palm (Elaeis guineensis) seeds after high
temperature treatment. Seed Sci. Technol. 5, 499-508.

Montezuma-De-Carvalho, J., Paiva, J. and Pimenta, M.C.S. 1984. Effect of cold storage on seed
viability of aromatic plants from the Portuguese flora. EUCARPIA International Symposium
on Conservation of Genetic Resources of Aromatic and Medicinal Plants, Oeiras, Portugal, May 9-11
1984,

Moore, J.N., Brown, G.J. and Lundergan, C. 1974. Effect of duration of acid scarification on
endocarp thickness and seedling emergence of black berries. HortScience 9, 204-205.

Morgan, D.L. and McWilliams, E.L. 1981. Preliminary notes on desiccation and viability of live
oak acorns. Combined Proceedings, Int. Plant Propagators® Soc. 31, 670-676.

Morgan, W.C. and Myers, B.A. 1989. Germination of the salt-tolerant grass Diplachne fusca. I.
Dormancy and temperature responses. Austr. J. Botany 37, 225-237.

Mori, T. 1979. Physiological studies on some dipterocarp species of peninsular Malaysia as a
basis for artificial regeneration. Research Pamphlet No 78. Kepong, Kuala Lumpur: Forest
Research Institute. 76 pp.

Mori,T., Zollpatah, A.R. and Tan, C.H. 1980. Germination and storage of rotan manau (Calamus
manan) seeds. Malaysian Forester 43, 44-55.

Mosjidis, J.A. 1991. Effect of hull removal, storage conditions, and genotype on germination of
sericea lespedeza seed. Seed Sci. Technol. 19, 623-626.

Moss, E.H. 1938. Longevity of seed and establishment of seedlings in species of Populus. Botanical
Gazette 99, 529-542.

Mréz, M. and Spitzov4, |. 1988. (The capacity, course and rate of germination in Dracocephalum
moldavica L.). Sbornik Uvtiz, Zahradnictvi 15, 113-118. (Seed Abstracts 1990, 13 (5), No 1489).
Muenscher, W.C. 1936. Storage and germination of seeds of aquatic plants. Cornell Univ. Agric.

Exp. Sta. Bull. No 652, 1-17.

Mukhopadhyay, T.P., Bhattacharjee, S.K. and Biswas, B. 1990. Effect of GA, and other chemicals
on germination and viability of Peltophorum ferrugenium seeds. Myforest 26, 148-152.

Muller, C. 1977. Dormancy et germination des faines. Bilan des recherches menées en 1976.
INRA Stat. Amél. Arbres For. Doc. Int. No 77, 1-32.

Muller, C. 1980. Conservation a longue terme des graines de sapins et son incidence sur le
comportment des semis en pépiniéres. Seed Sci. Technol. 8, 103-118.

Muller, C. and Bonnet-Masimbert, M. 1989. Breaking dormancy before storage: an improvement
to processing of beechnuts (Fagus sylvatica L.). Seed Sci. Technol. 17, 15-26.

Muller, C. and Cros, E.T. Du 1982. Conservation pendant 5 ans de graines de peupliers noirs
(Populus nigra L.). Ann. des Science Forestieres 39, 179-185.

Muller, C., Bonnet-Masimbert, M. and Laroppe, E. 1990. Nouvelles voies dans le traitement des
graines dormantes de certains feuillus: hétre, fréne, merisier. Rev. Forestiére Francaise 42,329-
345.

Muller, C.H., Muller, A.A. and Figueirédo, F.J.C. 1990. (Emergence of Brazil nut seeds in relation
to size and age). Circular Técnica - Centro de Pesquisa Agropecudria do Tropico Umido No 56.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 85

20p.

Muir, J.P. and Pitman, W.D. 1987. Improving germination rate of the Florida legume Galactia
elliottii. J. Range Manage. 40, 452-454.

Mumford, P.M. and Brett, A.C. 1982. Conservation of cacao seed. Trop. Agric. (Trinidad) 59, 306-
310.

Mumford, P.M. and Grout, B.W.W. 1978. Germination and liquid nitrogen storage of cassava
seed. Ann. Botany 42, 255-257.

Mumford, P.M. and Grout, B.W.W. 1979. Desiccation and low temperature (-196°C) tolerance of
Citrus limon seed. Seed Sci. Technol. 7, 407-410.

Mumford, P.M. and Panggabean, G. 1982. A comparison of the effects of dry storage on seeds of
Citrus species. Seed Sci. Technol. 10, 256-266.

Mungomery, W.V., Agnew, G.W.J. and Podonoff, E.T. 1966. Maintenance of Citrus seed viability.
Queensl. J. Agric. Anim. Sci. 23, 103-120.

Murrow, R.B. 1973. Palm seed germination. Principes 17, 64-66.

Nagao, M.A. and Sakai, W.S. 1979. Effects of growth regulators on seed germination of
Archontophoenix andrae. HortScience 14, 182-183.

Nagao, M.A., Kanegawa, K. and Sakai, W.S. 1980. Accelerating palm seed germination with
gibberellic acid, scarification, and bottom heat. HortScience 15, 200-201.

Nagaveni, H.C., Ananthapadmanhaba, H.S. and Rai, S.N. 1987. Note on the extension of viability
of Azadirachta indica. Myforest 23, 245.

Nakamura, S. 1975. The most appropriate moisture content of seeds for their long life span. Seed
Sci. Technol. 3, 747-759.

Nakamura, S. 1989. Germination and storage of Wasabia japonica Matsum seeds. International Seed
Testing Congress, Edinburgh. Abstracts of papers, No 9. Zurich, Szitzerland: ISTA Secreteriat.

Nakamura, S. and Sathiyamoorthy, P. 1990. Storage of Wasabia japonica Matsum. J. Jpn. Soc. Hort.
Sci. 59, 579-587.

Napier, I.A. and Robbins, A.M.J. 1987. Seed storage in the nursery (Prunus, Alnus and Pinus
spp.). Banko Janakari 1, 13-20.

Nautiyal, A.R. and Purohit, A.N. 1985a. Seed viability in Sal. I. Physiological and biochemical
aspects of seed development in Shorea robusta. Seed Sci. Technol. 13, 59-68.

Nautiyal, A.R. and Purohit, A.N. 1985b. Seed viability in Sal. Il. Physiological and biochemical
aspects of ageing in seeds of Shorea robusta. Seed Sci. Technol. 13, 69-76.

Nautiyal, A.R. and Purohit, A.N. 1985c. Seed viability in Sal. Ill. Membrane disruption in ageing
seeds of Shorea robusta. Seed Sci. Technol. 13, 83-86.

Nautiyal, A.R. and Thapliyal, P. 1993. On the cause of loss of seed viability in Toona ciliata Roem.
Indian J. Forestry 16, 167-169.

Nemmer, M.W. and Luyet, B.J. 1954. Survival of dehydrated pea seedlings. Biodynamica 7: 193-
211.

Ng, F.S.P. 1980. Germination ecology of malaysian woody plants. Malaysian Forester 43, 406-457.

Ng, F.S.P. and Sanah, M.A. 1979. Germination of fresh seeds of Malaysian trees. 4. Malaysian
Forester 42, 221-224.

Ng, N.Q., Lapido, D.O., Kang, B.T. and Atta-Krah, A.N. 1993. Multipurpose tree and shrub
germplasm evaluation and conservation at IITA. In Proceedings of the International
Consultation on the Development of the ICRAF MTP-Germplasm Resource Centre, Nairobi, 2-5
June 1992. Nairobi: ICRAF

Nielsen, I.C. 1992. Mimosaceae (Leguminosae - Mimosoideae). Flora Malesiana Series | -
Spermatophyta.  Flowering Plants. Volume 11 - part 1. The Netherlands:
Rijksherbarium/Hortus Botanicus, Leiden University.

Nishikawa, Y. and Mumford, P.M. 1989. Longevity of buckwheat seeds and their tolerance to
desiccation. Fagopyrum 9, 4-9.

Nixon, R.W. 1964. Viability of date seeds in relation to age. Date Growers" Institute Report 41, 3-4.

Nkang, A. 1988. Some aspects of the biochemical basis of viability loss in stored Guilfoylia
monostylis seeds. Seed Sci. Technol. 16, 247-260.

Nkang, A. and Chandler, C. 1986. Changes during embryogenesis in rain forest seeds with
orthodox and recalcitrant viability characteristics. J. Plant Physiology 126, 243-256.

Noble, B.F. and Orallo, C. 1983. Pre-germination treatment and survival of petroleum nut.



86 HANDBOOKS FOR GENEBANKS NO. 4

Sylvatrop, Philippines Forest Res. J. 8, 39-45.

Nord, E.C. 1974. Fremontodendron Cov. In Seeds of Woody Plants in The United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 417-419.

Nord, E.C. and Gunter, L.E. 1974. Salvia sonomensis Greene. In Seeds of Woody Plants in The United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 751-753.
Nord, E.C. and Kadish, A. 1974. Simmondsia chinensis (Link) C.K. Schneid. In Seeds of Woody
Plants in The United States. Agriculture Handbook No 450. Washington DC: Forest Service,

USDA. Pp. 774-776.

Normah, M.N. and Serimala, M.N.S.D. 1995. Cryopreservation of seed and embryonic axes of
several Citrus species. Fifth International Workshop on Seeds, 11-15 September 1995, Abstracts of
Poster Presentations. The University of Reading.

Normah, M.N., Chin, H.F. and Hor, Y.L. 1986. Desiccation and cryopreservation of embryonic
axes of Hevea brasiliensis Muell.- Arg. Pertanika 9, 299-303.

Normah, M.N., Vengadasalam, M. 1992. Effects of moisture content on cryopreservation of
Coffea and Vigna seeds and embryos. Cryo-Letters 13 199-208.

Normah, M.N., Reed, B.M. and Yu, X.L. 1994. Seed storage and cryoexposure behaviour in
hazelnut (Corylus avellana L. cv. Barcelona). Cryo-Letters 15, 315-322.

Norman, J.C. 1971. Germination of Michelia champaca seeds after various short storage and seed
coat treatments. Proc. Int. Seed Testing Assoc. 36, 335-342.

Nuryani, Y. 1978. (Germination of black pepper seeds). Pemberitaan 31, 33-40.

Nutile, G.E. 1964. Effect of desiccation on viability of seeds. Crop Science 4, 325-328.

Nyandiga, C.O. and McPherson, G.R. 1992. Germination of two warm-temperate oaks, Quercus
emoryi and Quercus arizonica. Can. J. Forestry Res. 22: 1395-1401.

Oelke, E.A. and Stanwood, P.C. 1988. Wild rice seed moisture content and viability. Agronomy
Abstracts. Madison, Wisconsin: American Society of Agronomy, p.146.

Oelke, E.A., McClellan, M. and Leif, J. 1990. Wild rice production research. In Minnesota Wild
Rice Research 1989, Miscellaneous Publication 64. Minnesota Agricultural Experiment Station,
University of Minnesota, St. Paul. Pp. 1-15.

Ohler, J.G. 1979. Cashew. Amsterdam: Department of Agricultural Research, Royal Tropical
Institute.

Okagami, N. and Kawai, M. 1982. Dormancy in Dioscorea: Differences of temperature responses
in seed germination among six japanese species. Botanical Magazine Tokyo 95, 155-166.

Okwelogu, T.N. and MacKay, P.J. 1969. Cashew moisture relation. J. Sci. Food and Agric. (UK) 20,
697-702.

Olatoye, S.T. 1968. Seed storage problems in Nigeria. Paper for the 9" Commonwealth Forestry
Conference. New Delhi

Oliveira, L.M.Q. and Valio, 1.F.M. 1992. Effects of moisture content on germination of seeds of
Hancornia speciosa Gom. (Apocynaceae). Ann. Botany 69, 1-5.

Olson, D.F.Jr. 1974a. Baccharis L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 244-246.

Olson, D.F.Jr. 1974b. Elaeagnus L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 376-379.

Olson, D.F.Jr. 1974c. Quercus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 692-703.

Olson, D.F.Jr. 1974d. Rhododendron L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 709-712.

Olson, D.F.Jr. 1974e. Robinia L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 728-731.

Olson, D.F.Jr. and Barnes, R.L. 1974a. Diospyros virginiana L. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 373-375.
Olson, D.F.Jr. and Barnes, R.L. 1974b. Oxydendrum arboreum (L.) DC. In Seeds of Woody Plants in
the United States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp.

566-567.

Olson, D.F.Jr. and Gabriel, W.J. 1974. Acer L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 187-194.

Olson, D.F.Jr. and Petteys,E.Q.P. 1974. Casuarina L. In Seeds of Woody Plants in the United States.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 87

Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 278-280.

Olson, D.FJr., Barnes, R.L. and Jones,L. 1974. Magnolia L. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 527-530.
Omura, M., Sato, Y. and Seike, K. 1978. Long term preservation of japanese pear seeds under
extra-low temperatures. In Long-term Preservation of Favourable Germplasm in Arboreal Crops.

Eds T. Akihama and K. Nakajima. Japan: Ministry of Agriculture and Forestry. Pp. 26-30.

Orozco-Segovia, A. and Vazquez-Yanes, C. 1989. Light effect on seed germination in Piper L.
Acta Oecologica/Oecologia Plantarum 10, 123-146.

Orozco-Segovia, A. and Vézquez-Yanes, C. 1990. Effect of moisture on longevity in seeds of
some rain forest species. Biotropica 22, 215-216.

Osei-Bonsu, K., Opoku-Ameyaw, K., Amoah, F.M. and Acheampong, K. 1989a. Coffee seed
germination. |. Effect of ripening and processing on coffee (Coffea canephora) seed
germination. Café Cacao Thé 33, 219-222.

Osei-Bonsu, K., Ampoofo, S.T. and Amoah, F.M. 1989b. Coffee seed germination. Il. The effects
of some pre-treatments on coffee (Coffea canephora) seed germination. Café Cacao Thé 33, 223-
228.

Owston, P.W. and Stein, W.I. 1974. Pseudotsuga Carr. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 674-683.

Pa, O.T. and Koen, L.I. 1963. Results on storage test with seeds of Hevea brasiliensis. Menara
Perkebunan 32, 183-192.

Paglietta, R. 1977. Cranberry seed storage trials. Acta Hort. 61, 211-215.

Palmer, J. 1990. Germination and growth of wasabi (Wasabia japonica (Miq.) Matsumara). New
Zealand J. Crop and Horticultural Science 18, 161-164.

Pammenter, N.W., Vertucci, C.W. and Berkjak, P. 1991. Homeohydrous (recalcitrant) seeds:
dehydration, the state of water and viability characteristics in Landolphia Kirkii. Plant
Physiology 96, 1093-1098.

Pammenter, N.W., Vertucci, C.W. and Berkjak, P. 1993. Responses to dehydration in relation to
non-freezable water in desiccation-sensitive and -tolerant seeds. In Fourth International
Workshop on Seeds. Basic and Applied Aspects of Seed Biology. Eds D. Come and F. Corbineau.
Paris: Université Pierre and Marie Curie. Pp. 867-872.

Panetta, F.D. 1988. Studies on the seed biology of arum lily (Zantedeschia aethiopica (L.) Spreng.
Plant Protection Quarterly 3, 169-171.

Panggabean, G. 1979. (The effect of storage on the germination of jackfruit seeds (Artocarpus
heterophyllus)). Bull. Penelitian Hortikultura 7, 39-42.

Panochit, J., Wasuwanich, P. and Hellum, A.K. 1984. Collection, germination and storage of
Shorea siamensis Miq. seeds. Embryon 1, 1-13.

Panochit, J., Wasuwanich, P. and Hellum, A.K. 1986. Collection and storage of seeds of Shorea
roxburghii G. Don. Embryon 2, 62-67.

Paton, R.R. 1945. Storage of tuliptree seed. J. Forestry 43, 764-765.

Pathak, P.S. 1985. Seed germination and seedling growth of Hardwickia binnata Roxb. Nitrogen
Fixing Tree Research Report 3, 25-26.

Pathak, P.S. and Gupta, S.K. 1984. Seed germination and seedling growth of Hardwickia binnata
Roxb. Nitrogen Fixing Tree Research Report 2, 7-8.

Paudyal, B., Neupane, P.R. and Bhattarai, M.R. 1993. Preliminary observations on germinating
large cardamom (Amomum subulatum Roxb) seed in the laboratory. Pakhribas Agricultural
Centre Working Paper No 43, 14pp.

Pausuijja, R., Granhof, J. and Willan, R.L. 1986. Pinus merkusii Jungh. & de Vriese (including Pinus
merkusiana Cooling and Gaussen). Seed Leaflet 7. Denmark: DANIDA Forest Seed Centre.

Paynter, B.H. and Dixon, K.W. 1990. Seed viability and embryo decline in Geleznowia verrucosa
Tucz. (Rutaceae). Scientia Horticulturae 45, 149-157.

Pence, V.C. 1990. Cryostorage of embryo axes of several large-seeded temperate tree species.
Cryobiology 27: 212-218

Pence, V.C. 1991a. Cryopreservation of seeds of Ohio native plants and related species. Seed Sci.
Technol. 19, 235-251.

Pence, V.C. 1991b. Cryopreservation of immature embryos of Theobroma cacao. Plant Cell Reports
10, 144-147.



88 HANDBOOKS FOR GENEBANKS NO. 4

Pence, V.C. 1992. Desiccation and the survival of Aesculus, Castanea, and Quercus embryo axes
through cryopreservation. Cryobiology 29, 391-399.

Pendery, B.M. and Rumbaugh, M.D. 1986. Globemallows: forbs for rangelands. Utah Science 47,
41-45,

Pereira, A.L. and Lucas, N.M.C. 1992. (Germination of Capparis flexuosa (Capparaceae)). Boletim
do Museu de Biologia Mello Leit&o 1, 17-23. (Seed Abstracts 1994, 17 (6) No 1933).

Pérez, A., Reyes, M.N. and Cuevas, J. 1980. Germination of two papaya varieties: Effect of seed
aeration, K-treatment, removing of the sarcotesta, high temperature, soaking in distilled
water, and age of seeds. J. Agric. Univ. Puerto Rico 64, 173-180.

Perino, C. and Come, D. 1977. Influence de la temperature sur les phases de la germination de
I'embryon de pommier (Pyrus malus L.). Physiologie Végétale 15, 469-474.

Perry, G.S. 1923. The solution of some forest nursery problems. J. Forestry 21, 177-179.

Petruzzelli, L. 1986. Wheat viability at high moisture content under hermetic and aerobic storage
conditions. Ann. Botany 58, 259-265.

Petteys, E.Q. 1974. Tristania conferta R. Br. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 817-818.

Pfister, R.D. 1974. Ribes L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 720-727.

Philbrick, C.T. and Novelo, ARR. 1994. Seed germination of Mexican Podostemaceae. Aquatic
Botany 48, 145-151.

Pieterse, A.H., De Lange, L. and Verhagen, L. 1981. A study on certain aspects of seed
germination and growth of Pistia stratiotes L. Acta Botanica Neerland 30, 47-57.

Plooy, F. Du. 1994. The results of trials with Lithops seed. Aloe 31, 82-83.

Plummer, M. 1983. Considerations in selecting chenopod species for range seedings. In
Proceedings of the Symposium of Biology of Atriplex and Related Chenopods. General Technique
Report No 172. Forest Service, USDA.

Pogge, F.L. and Bearce, B.C. 1989. Germinating common and cat greenbrier. Tree Planters’ Notes
40, 34-37.

Poljakoff-Mayber, A., Somers, G.F., Werker, E. and Gallagher, J.L. 1992. Seeds of Kosteletzkya
virginia (Malvaceae): their structure, germination, and salt tolerance. I. Seed structure and
germination. Am. J. Botany 79, 249-256.

Pollock, B.M. 1969. Imbibition temperature sensitivity of lima bean seeds controlled by initial
seed moisture. Plant Physiology 44, 907-911.

Polya, L. 1961. Injury by soaking of Populus alba seeds. Nature 189, 159-160.

Poulsen, K.M. 1993. Predicting the storage life of beech nuts. Seed Sci. Technol. 21, 327-337.

Poulsen, K.M. and Eriksen, E.N. 1992. Physiological aspects of recalcitrance in embryonic axes of
Quercus robur L. Seed Sci. Res. 2, 215-221.

Powell, A.A. and Matthews, S. 1978. The damaging effect of water on dry pea embryos during
imbibition. J. Exp. Botany 29, 1215-1229.

Pozna_ska, Z. 1988. Germination of seeds of Carlina onopordifolia Besser under various laboratory
conditions. Fragmenta Floristica et Geobotanica 33, 53-69.

Prasad, R., Chadhar, S.K. and Jalil, P. 1988. Some observations on germination of four useful but
difficult forestry seeds. J. Trop. Forestry 4, 395-398.

Prasad, R. and Jalil, P. 1987. Observations on the seed viability of sal (Shorea robusta). Indian
Forester 113, 89-94.

Preest, D. 1979. Seed storage of several New Zealand indigenous trees. Part IA. Kauri (Agathis
australis). New Zealand J. Forestry Sci. 9, 337-343.

Prendergast, H.D.V., Linington, S. and Smith, R.D. 1992. The Kew seed bank and the collection,
storage and utilization of arid and semi-arid zone grasses. In Desertified Grasslands: Their
Biology and Management. Linnean Society Symposium Series Number 13. Ed. G.P. Chapman.
Academic Press.

Priestley, D.A. 1986. Seed Aging. Cornell University Press.

Pritchard, H.W. 1984. Liquid nitrogen preservation of terrestrial and epiphytic orchid seed. Cryo-
Letters 5, 295-300.

Pritchard, H.W. 1985. Growth and storage of orchid seeds. Proceedings of the Eleventh World
Orchid Conference. Ed. K.W. Tan, Miami, pp. 290-293.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 89

Pritchard, H.W. 1991. Water potential and embryonic axis viability in recalcitrant seeds of
Quercus rubra. Ann. Botany 67, 43-49.

Pritchard, H.W. and Prendergast, F.G. 1986. Effects of desiccation and cryopreservation on the in
vitro viability of embryos of the recalcitrant seed species Araucaria hensteinii K. Schum. J. Exp.
Botany 37, 1388-1397.

Pritchard, H.W. and Seaton, P.T. 1993. Orchid seed storage: historical perspective, current status,
and future prospects for long-term conservation. Sebyana 14, 89-104.

Pritchard, H.W., Manger, K.R. and Prendergast, F.G. 1988. Changes in Trifolium arvense seed
quality following alternating temperature treatment using liquid nitrogen. Ann. Botany 62, 1-
11.

Pritchard, H.W., Wood, JA. and Manger, K.R. 1993. Influence of temperature on seed
germination and the nutritional requirements for embryo growth in Arum maculatum L. New
Phytologist 123, 801-809.

Pritchard, H.W., Haye, A.J.,, Wright, W.J. and Steadman, K.J. 1995. A comparative study of seed
viability in Inga species: desiccation tolerance in relation to the physical characteristics and
chemical composition of the embryo. Seed Sci. Technol. 23, 85-100.

Probert, R.J. and Brierley, E.R. 1989. Desiccation intolerance in seeds of Zizania palustris is not
related to development age or the duration of post-harvest storage. Ann. Botany 64, 669-674.

Probert, RJ. and Longley, P.L. 1989. Recalcitrant seed storage physiology in three aquatic grasses
(Zizania palustris, Spartina anglica and Porteresia coartata). Ann. Botany 63, 53-63.

Probert, R.J., Bogh, S.V., Smith, AJ. and Wechsberg, G.E. 1991. The effects of priming on seed
longevity in Ranunculus sceleratus L. Seed Sci. Res. 1: 243-249.

Puchet, C.E. and Vasquez-Yanes, C. 1987. Cryptic heteromorphism of recalcitrant seeds of three
species from the wet tropical forest of Veracruz Mexico. Phytologia 62, 100-106.

Pukacka, S. 1989. The effect of desiccation on viability and phospholipid composition of Acer
sacharinum L. seeds. Trees 3, 144-148.

Purohit, A.N., Sharma, M.M. and Thapliyal, R.C. 1982. Effect of storage temperatures on the
viability of sal (Shorea robusta) and talura (Shorea talura) seed. Forest Sci. 28, 526-530.

Purseglove, J.W. 1968a. Tropical Crops Monocotyledons. London: Longman. 607pp.

Purseglove, J.W. 1968b. Tropical Crops Dicotyledons. London: Longman. 719pp.

Pytlewski, C.A. 1992. The effects of storage on the viability of bromeliad seeds. Prace Instytutu
Sadownictwa i Kwiaciarstwa w Skierniewicach. Seria B, Ro_liny Ozdobne 17, 23-31. (Seed Abstracts
1994, 17 (7), No 2265).

Rajanaidu, N., Lleras, E., Artunduaga, R. and Owen, E. 1989. Jessenia - Oenocarpus collection in
Colombia. Berita ISOPB 6, 1-5, 11-12. (Seed Abstracts 1992, 15 (2), No 469)

Ramirez, C. M., Romero, M. and Henriquez, M. 1980. Germination of seeds of Chilean
Myrtaceae. Bosque 3, 106-114.

Ramos, A., Carneiro, J.G.De A., Souza, G.B. De and Bianchetti, A. 1988. Biochemical and
physiological alterations of Araucaria angustifolia (Bert) O. Ktze. seeds immediately after
oven drying. In Bilateral Symposium Brazil-Finland on Forestry Actualities, 16-22 October 1988,
Curitiba, Parana, Brazil (Seed Abstracts 15, 458)

Randrianasolo, J. 1989a. La germination de l'arofy mafaiboa (dit arofy a petites feuilles),
Commiphora mafaiboa. Fiche Technique No 15. Madagascar: Centre de Formation Professionelle
Forestiere de Morondava.

Randrianasolo, J. 1989b. La germination du mafay (Gyrocarpus americanus). Fiche Technique No 17.
Madagascar: Centre de Formation Professionelle Forestiére de Morondava, Madagascar.
Rao, V.M.N., Rao, I.K.S. and Hassan, M.V. 1957. Studies on seed viability in cashew. Indian J.

Agricultural Science 27, 289-294.

Rashid, A., Alam, B. and Chakraborty, H. 1973. Storage of tea seeds. Tea J. Bangladesh 9, 12-15.

Ratliff, R.D. 1974. Lupinus L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington, DC: Forest Service, USDA. Pp. 520-521.

Ray, P.K. and Sharma, S.B. 1987. Growth, maturity, germination and storage of litchi seeds.
Scientia Horticulturae 33, 213-221.

Read, R.A. 1974. Sapindus drummondii Hook. & Arn. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 758-759.

Read, R.A. and Barnes, R.L. 1974. Morus L. In Seeds of Woody Plants in the United States.



90 HANDBOOKS FOR GENEBANKS NO. 4

Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 544-547.

Read, R.W. 1968. A study of Pseudophoenix (Palmae). Gentes Herbarum 10, 169-213.

Reed, B.M., Normah, M.N. and Yu, X.L. 1994. Stratification is necessary for successful
cryopreservation of axes from stored hazelnut seed. Cryo-Letters 15, 277-384.

Reed, M.J. 1974. Ceanothus L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington, DC: Forest Service, USDA. Pp. 284-290.

Rees, A.R. 1965. Some factors affecting the viability of oil palm seed in storage. J. Nigerian Inst.
Oil Palm Res. 15, 317-324.

Reis, G.G. Dos, Brune, A. and Rena, A.B. 1980. (Germination of seed of tree species). Pesquisa
Agropecuéria Brasileira 15, 97-100.

Reynolds, H.G. and Alexander, R.R. 1974. Tamarix pentandra Pall. In Seeds of Woody Plants in the
United States. Agriculture Handbook No 450. Washington, DC: Forest Service, USDA. Pp. 79%4-
795.

Richa and Sharma, M.L. 1994. Enhancing the germination of stored bamboo seeds using plant
growth regulators. Seed Sci. Technol. 22, 313-317.

Richards, A.V. 1950. A note on the cultivation of Singapore jack. Trop. Agric. 106, 12-13.

Richmond, G. and Ghisalberti, E.L. 1994. The Australian desert shrub Eremophila (Myoporaceae):
medicinal, cultural, horticultural and phytochemical uses. Econ. Botany 48, 35-59.

Richmond, G. and Osborne, J. 1993. Eremophila germination studies. Australian Plants 17, 70-75.

Riley, J.M. 1981. Growing rare fruit from seeds. California Rare Fruit Growers Yearbook 13, 1-47.

Rincker, C.M. 1983. Germination of forage crop seeds after 20 years of subfreezing storage. Crop
Science 23, 229-231.

Rincker, C.M. 1986. Germination of grass seeds after 8 years of weekly removal from subfreezing
storage. Crop Science 26, 165-166.

Rincker, C.M. and Maguire, J.D. 1979. Effect of seed storage on germination and forage
production of seven grass cultivars. Crop Science 19, 857-860.

Roath, W.W. and Widrlechner, M.P. 1988. Inducing germination of dormant Cuphea seed and the
effects of various induction methods on seedling survival. Seed Sci. Technol. 16, 699-703.

Robbins, A.M.J. 1983a. Danida Forest Seed Centre, seed leaflet no. 2; Pinus caribaca Morelet (mimeo)

Robbins, A.M.J. 1983b. Danida Forest Seed Centre, seed leaflet no. 3; Pinus oocarpa Schiede (mimeo)

Robbins, A.M.J. 1988a. Storage of champ (Michelia champaca) seed. Banko Janakari 2, 55-56.

Robbins, A.M.J. 1988b. Storage of sissoo (Dalbergia sisso) seed. Banko Janakari 2, 57-59.

Roberts, E.H. 1960. The viability of cereal seed in relation to temperature and moisture. Ann.
Botany 24, 12-31.

Roberts, E. H. 1961. The viability of rice seed in relation to temperature, moisture content and
gaseous environment. Ann. Botany 25, 381-390.

Roberts, E.H. 1972a. Introduction. In Viability of seeds. Ed. E.H. Roberts. London: Chapman and
Hall.

Roberts, E.H. 1972b. Storage environment and the control of viability. In Viability of seeds. Ed.
E.H. Roberts. London: Chapman and Hall.

Roberts, E.H. 1973. Predicting the storage life of seeds. Seed Sci. Technol. 1, 499-514.

Roberts, E.H. 1975. Problems of long-term storage of seed and pollen for genetic resources
conservation. In Crop Genetic Resources for Today and Tomorrow, International Biological
Programme Handbook No 2. Eds O.H. Frankel and J.G. Hawkes. Cambridge, London, New
York, Melbourne: Cambridge University Press. Pp. 269-295.

Roberts, E.H. and Abdalla, F.H. 1968. The influence of temperature, moisture, and oxygen on
period of seed viability in barley, broad beans, and peas. Ann. Botany 32, 97-117.

Roberts, E.H. and Ellis, R.H. 1977. Prediction of seed longevity at sub-zero temperatures and
genetic resources conservation. Nature 268, 431-433.

Roberts, E.H. and Ellis, R.H. 1982. Physiological, ultrastructural and metabolic aspects of seed
viability. In The Physiology and Biochemistry of Seed Development Dormancy and Germination.
Ed. A.A. Khan. Amsterdam: Elsevier Biomedical Press. Pp. 465-485.

Roberts, E.H. and Ellis, R.H. 1989. Water and seed survival. Ann. Botany 63, 39-52.

Roberts, E.H. and King, M.W. 1980. The characteristics of recalcitrant seeds. In Recalcitrant Crop
Seeds. Eds H.F. Chin and E.H. Roberts. Kuala Lumpur, Malaysia: Tropical Press. Pp. 1-5.

Roberts, E.H., King, M.W. and Ellis, R.H. 1984. Recalcitrant seeds: their recognition and storage.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 91

In Crop Genetic Resources: Conservation and Evaluation. Eds J.H.W. Holden and J.T. Williams.
London: George Allen and Unwin. Pp. 38-52.

Rocchetti, G. and Panerai, L. 1968. (The effect of temperature on the germination of cashew nuts).
Revista di Agricoltura Subtropicale e Tropicale 62, 228-235.

Roe, E.I. 1941. Effects of temperature on seed germination. J. Forestry 39, 413-414.

Roederer, Y. and Bellefontaine, R. 1989. Can neem seeds be expected to keep their germinative
capacity for several years after collection ? Forest Genet. Resour. Info. 17, 30-33.

Roodt, V. 1992. The Shell Field Guide to the Common Trees of the Okavango Delta and Moremi
Game Reserve.

Roos, E.E. and Davidson, D.A. 1992. Record longevities of vegetable seeds in storage. HortScience
27, 393-396.

Roos, E.E. and Stanwood, P.C. 1981. Effects of low temperature, cooling rate, and moisture
content on seed germination of lettuce. J. Am. Soc. Hort. Sci. 106, 30-34.

Rosa, M.L. and Corbineau, F. 1986. Quelques aspects de la germination des caryopses de Leersia
oryzoides (L.) Sw. Weed Research 26, 99-104.

Rouse, J.L. and Williams, E.G. 1986. Storage life of Vireya Rhododendron seed as affected by
temperature and relative humidity. Seed Sci. Technol. 14, 669-674.

Roy, B. and Bhandary, S.B.R. 1989. Propagation and field trials of sugandha kokila (Cinnamomum
glaucescens). Banko Janakari 2, 117-118. (Seed Abstracts 1993, 16 (4), No 1098).

Roy, D.F. 1974a. Cercis L. In Seeds of Woody Plants in the United States. Agriculture Handbook No 450.
Washington DC: Forest Service, USDA. Pp. 305-308.

Roy, D.F. 1974b. Torreya Arn. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 815-816.

Rudolf, P.O. 1974a. Aesculus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 195-200.

Rudolf, P.O. 1974b. Berberis L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 247-251.

Rudolf, P.O. 1974c. Cedrus Trew. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 291-294.

Rudolf, P.O. 1974d. Clematis L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 331-334.

Rudolf, P.O. 1974e. Colutea arborescens L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 335.

Rudolf, P.O. 1974f. Cotinus Mill. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 346-348.

Rudolf, P.O. 1974g. Euonymus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 393-397.

Rudolf, P.O. 1974h. Kalopanax pictus (Thunb) Nakai. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 472-473.

Rudolf, P.O. 1974i. Koelreuteria paniculata Laxm. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 474-475.

Rudolf, P.O. 1974j. Larix Mill. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 478-485.

Rudolf, P.O. 1974k. Ligustrum L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 500-502.

Rudolf, P.O. 1974l. Licium L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 522-524.
Rudolf, P.O. 1974m. Rhodotypos scandens (Thunb.) Mak. In Seeds of Woody Plants in the United
States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 713-714.
Rudolf, P.O. 1974n. Sorbaria sorbifolia (L.) A.Br. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 779.

Rudolf, P.O. 19740. Taxus L. In Seeds of Woody Plants in the United States. Agriculture Handbook No
450. Washington DC: Forest Service, USDA. Pp. 799-802.

Rudolf, P.O. and Leak, W.B. 1974. Fagus L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 401-405.

Rudolf, P.O. and Phipps, H. 1974. Carpinus L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 266-268.



92 HANDBOOKS FOR GENEBANKS NO. 4

Rudolf, P.O. and Slabaugh, P.E. 1974. Syringa L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 791-793.

Russell, D.C. 1969. Cashew. Extension Bulletin, Ministry of Agriculture and Natural Resources,
Western Nigeria, Pp. 1-4.

Ruth, R.H. 1974. Tsuga (Endl.) Carr. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 819-827.

Safford, L.O. 1974. Picea A. Dietr. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 587-597.

Sakai, A. and Hakoda, N. 1979. Cold hardiness of the genus Camellia. J. Am. Hort. Sci. 104, 53-57.

Sakai, A. and Noshiro, M. 1975. Some factors contributing to the survival of crop seeds cooled to
the temperature of liquid nitrogen. In Crop Genetic Resources for Today and Tomorrow. Eds
O.H. Frankel and J.G. Hawkes. Cambridge: Cambridge University Press. Pp. 317-326.

Samfield, D.M., Zajicek, J.M. and Cobb, B.G. 1990. Germination of Coreopsis lanceolata and
Echinacea purpurea seeds following priming and storage. HortScience 25, 1605-1606.

Sanada, T., Yoshida, Y. and Haniuda, T. 1980. (Studies on the method of seed storage in apple
breeding. 1. Suitable method for short-term storage). Bull. Fruit Tree Research Station Series C,
Morioka 7, 1-14.

Sanchez, R.A. and Miguel, L.C. De 1983. Ageing of Datura ferox seed embryos during dry storage
and its reversal during imbibition. Z. Pflanzenphysiol. 110, 319-329.

Sander, I.L. 1974a. Castanea Mill. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 273-275.

Sander, I.L. 1974b. Gymnocladus dioicus (L.) K. Koch. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 439-440.

Sangakkara, U.R. 1990. Relationship between storage and germinability of cardamom (Elettaria
cardamomum Maton). J. Agron. Crop Sci. 164, 16-19.

Sangakkara, U.R. 1993. Effect of time of harvest and storage conditions on germination of
nutmeg (Myristica fragrans Houtt). J. Agron. Crop Sci. 170, 97-102.

Sargent, J.A., Mandi, S.S. and Osborne, D.J. 1981. The loss of desiccation tolerance during
germination: an ultrastructural and biochemical approach. Protoplasma 105, 225-239.

Sasaki, S. 1976. The physiology, storage and germination of timber seeds. In Seed Technology in the
Tropics. Eds H.F. Chin, I.C. Enoch and R.M. Raja Harun. Serdang, Selangor, Malaysia:
Universiti Pertanian Malaysia. Pp. 111-115.

Sasaki, S. 1980a. Storage and germination of dipterocarp seeds. The Malaysian Forester 43: 290-308.

Sasaki, S. 1980b. Storage and germination of some Malaysian legume seeds. Malaysian Forester 43,
161-165.

Sato, Y. 1949. On the viability of Populus seeds. Res. Bull. Coll. Exp. Forests, Hokkaido Univ. 14, 77-
92.

Sato, Y. 1955. On the viability of Salicaceae seeds. Res. Bull. Coll. Exp. Forests, Hokkaido Univ. 17,
225-266.

Saunders, D.A. 1981. Investigations into seed coat impermeability in annual Medicago species.
Ph.D. Thesis, University of Reading.

Schaefer, C. 1990a. Seed testing research on species indigenous to Kenya. In Tropical Tree Seed
Research- ACIAR Proceedings No 28, pp. 132-139.

Schaefer, C. 1990b. Processing, storage and germination of Prunus africana seeds. Technical Note
No 10. Kenya Forestry Research Institute.

Schaefer, C. 1990c. Storage and germination of seeds of Podocarpus milanjianus. Technical Note No
11. Kenya Forestry Research Institute.

Schaefer, C. and Siva, Z.V. 1990. Recommendations for the collection, processing and storage of
Chlorophora excelsa seed. Technical Note No 13. Kenya Forestry Research Institute.

Schaffalitzky de Muckadell, J. and Malim, P. 1983. Preliminary observations on harvesting,
handling and storage of seeds from some dipterocarps. Working Paper No 18, FAO/UNDP-
MAL/78/009. Rome: Food and Agriculture Organisation of the United Nations. 42pp.
(Cited by (Tompsett, 1992))

Schmidt, J. 1991. (Long-term storage of beech mast and acorns in Escherode: procedure and
preliminary results). Forsttechnische Informationen 43, 10-12.

Schopmeyer, C.S. 1974a. Seeds of Woody Plants in the United States. Agriculture Handbook No 450.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 93

Washington DC: Forest Service, USDA.

Schopmeyer, C.S. 1974b. Alnus B. Ehrh. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 206-211.

Schopmeyer, C.S. 1974c. Thuja L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 805-809.

Schopmeyer, C.S. 1974d. Vitex agnus-castus L. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 851-852.

Schopmeyer, C.S. and Leak, W.B. 1974. Ostrya virginiana (Mill.) K. Koch. In Seeds of Woody Plants
in the United States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp.
564-565.

Schreiner, E.J. 1974. Populus L. In Seeds of Woody Plants in the United States. Agriculture Handbook
No. 450. Washington DC: Forest Service, USDA. Pp. 645-655.

Schroeder, E.M. 1937. Germination of fruits of Ptelea species. Contrib. Boyce Thompson Inst. 8, 355-
359.

Schubert, G.H. 1952. Germination of various coniferous seeds after cold storage. USDA, Forestry
Service, Pacific Southwest Forest and Range Experiment Station, Research Note 83.

Schwintzer, C.R. and Ostrofsky, A. 1989. Factors affecting germination of Myrica gale seeds. Can.
J. Forest Res. 19, 1105-1109.

Schwitter, R. 1984. La germination de I'arofy (Commiphora sp.). Fiche Technique No 7. Madagascar:
Centre de Formation Professionelle Forestiere de Morondava.

Scott, D.H. and Draper, A.D. 1970. A further note on longevity of strawbery seed in cold storage.
HortScience 5, 439.

Scowcroft, P.G. 1987-1988. Germinability of Cook pine (Araucaria columnaris) seeds under
different storage conditions. Tree Planters' Notes 39, 17-25.

Seaton, P.T. and Hailes, N.S.J. 1989. Effect of temperature and moisture content on the viability
of Cattleya aurantiaca seed. In Modern Methods in Orchid Conservation: The Role of Physiology
Ecology and Management. Ed. H.W. Pritchard. Cambridge: Cambridge University Press. Pp.
17-29

Sebastiampillai, A.R. and Anandappa, T.l. 1979. The influence of moisture and temperature of
the germinability and longevity of tea (Camellia sinensis L.) seeds. Tea Quarterly 48, 8-20.

Sento, T. 1971. Studies on the germination of seed of the palms. IIl. On the Archontophoenix
alexandrae (Wendl. et Drude), Ptychosperma macarthurii (Wendl.) and Trachycarpus species. J.
Jpn. Soc. Hort. Sci. 40, 246-254.

Sento, T. 1972. Studies on the seed germination of palms. V. On Chrysalidocarpus lutescens,
Mascarena verschaffeltii and Phoenix dactifera. J. Jpn. Soc. Hort. Sci. 41, 76-82.

Sento, T. 1976. (Studies on the germination of palm seeds). Memoirs of the Coll. Agric., Echime
Univ. 21, 1-78.

Senaratna, T. and McKersie, B.D. 1983. Dehydration injury in germinating soybean (Glycine max
L. Merr.) seeds. Plant Physiology 72: 620-624.

Shea, G.M. and Armstrong, P.A. 1978. The effect of post-harvest environmental factors on the
longevity of Hoop pine seed. Research Note Queenlands Department of Forestry No 24, 4pp.
Sharma, S.K. 1977. A further contribution to the study of nursery behaviour of Diospyros

marmorata R.N. Parker (Marblewood). Indian Forester 103, 542-549.

Shaw, R.H. and Loomis, W.E. 1950. Bases for the prediction of corn yields. Plant Physiology 25,
225-244.

Shear, C.B. and Crane, H.L. 1943. Germination of the nuts of the tung tree as affected by
penetrants, substrata, depth of planting and storage conditions. Botanical Gazette 105, 251-
256.

Shi, Z.L. 1985. (Study on the critical moisture content in stored seeds of Cunninghamia lanceolata
and other tree species). Scientia Silvae Sinicae 21, 421-425. (Seed Abstracts 1987, 10 (1), No 88).

Siddigi, N.A. and Islam, M.R. 1988. Studies on fruit size, seed production and viability of keora
(Sonneratia apetala). Bano Biggyan Patrika 17, 15-19.

Siddiqi, N.A., Shahidullah, M. and Shahjalal, M.A.H. 1991. Studies on the size, viability and
germination of seeds of sundri (Heritiera fomes Buch.- Ham.). Indian J. Forestry 14, 119-124.

Simak, M. 1982. Germination and storage of Salix caprea L. and Populus tremula L. seeds. In
Proceedings of the International Symposium Forest Tree Seed Storage, Petawawa/Canada. Eds B.S.P.



94 HANDBOOKS FOR GENEBANKS NO. 4

Wang and J.A. Pitel. Ottawa, Canada: Environment Canada, Canada Forestry Service. Pp.
142-160.

Simbolon, H. and Pannggabean, G. 1986. Some aspects of Citrus with special reference to
Indonesia. Bull. Penelitian Hortikultura 14, 32-40.

Simmonds, N.W. 1952. The germination of banana seeds. Trop. Agric., Trinidad 29, 35-49.

Simmonds, N.W. 1968. Prolonged storage of potato seeds. European Potato J. 11, 150-156.

Singh, L.B. 1968. The Mango. Botany, Cultivation, and Utilization. London: Leonard Hill.

Singh, R.M. and Singh, 1.D. 1981. Effects of method and duration of storage on seed germination
and seedling vigour in papaya (Carica papaya L.). Seed Research 9, 67-72.

Slabaugh, P.E.,1974. Cotoneaster B. Ehrh. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 349-352.

Slate, G.L. 1969. Filberts - including varieties grown in the East. In Handbook of North American
Nut Trees. Ed. R.A. Jaynes. Knoxville, Tennessee: Northern Nut Growers Association.

Smejkal, J.E., Bamberg, J.B. and Hanneman, R.E. Jr 1988. Effect of refrigeration and hermetic
sealing on long-term preservation of Solanum seed germinability. American Potato Journal 65,
501.

Smith, J.G. 1974. Peraphyllum ramosissimum Nutt. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 576-577.

Smith, R.D. 1992. Seed storage temperature and relative humidity. Seed Sci. Res. 2, 113-116.

Smitinand, T., Tompsett, P.B. and Cheek, M. 1993. A new synonym and a range extention for
Dipterocarpus alatus. Kew Bulletin 48, 397-399.

Soepadmo, E. 1989. Contribution of reproductive biological studies towards the conservation
and development of Malaysian plant genetic resources. In Genetic Resources of Under-Utilised
Plants in Malaysia. Ed. A.H. Zakri. Malaysia: Malaysian National Committee on Plant
Genetic Resources. Pp. 1-41.

Soetisna, U. 1981. Approaches to the conservation of seeds which have previously been difficult
to store, with special reference to lime (Citrus aurantifolia (Christm.) Swing.) and royal palm
(Oreodoxa regia HBK.). Ph.D. Thesis, University of Reading.

Soetisna, U., King, M.W. and Roberts, E.H. 1985. Germination test recommendations for
estimating the viability of moist or dry lemon (Citrus limon) and lime (C. aurantifolia). Seed
Sci. Technol. 13, 87-110.

Solovieva, M.A. 1978. (Method of storing fruit seed and determining their storage quality).
Byulleten Vsesoyuznogo Ordena Lenina Instituta Rastenievodstva Imeni N.1. Vavilov 77, 64-65.
Somade, A.F. 1985. Seed problems in a depressed economy: the case of forest seed collection,
storage and supply in Nigeria. 15" Annual Conference of the Forestry Association of Nigeria.

November 25-29 1985. Gongola State, Nigeria.

Some, L.M., Sary, H. and Bellefontaine, R. 1990. Conservation en chambre froide des graines
prétraitées de six espéces sahelo-soudaniennes. Bois et Foréts des Tropiques 225, 42-46.

Somen, C.K. and Seethalakshmi, K.K. 1989. Effect of different storage conditions on the viability
of seeds of Bambusa arundinacea. Seed Sci. Technol. 17, 355-360.

Song, X., Chen, Q., Wang, D. and Yang, J. 1983. A study of ultra structural changes in radicle-tip
cells and seed vigour of Hopea and Vatica in losing water process. Scientia Silvae Sinicae 19,
121-125.

Song, X., Chen, Q., Wang, D. and Yang, J. 1984. (A study on the principal storage conditions of
Hopea hainanensis seeds). Scientia Silvae Sinicae 20, 225-236.

Sonwalkar, M.S. 1951. A study of jackfruit seeds . Indian J. Hort. Sci. 8, 27-30.

Sowa, S., Roos, E.E. and Zee, F. 1991. Anesthetic storage of recalcitrant seed: Nitrous oxide
prolongs longevity of lychee and longan. HortScience 26, 597-599.

Spalding, D.H., Knight, RJJr. and Reeder, W.F. 1976. Storage of avocado seeds. Proc. Florida
State Hort. Soc. 89, 257-258.

Specht, C.E. and Schaefer, C. 1990. Interim recommendations for the pre-sowing treatment of
Terminalia brownii and Terminalia spinosa. Technical Note No 9. Kenya Forestry Research
Institute.

Speer, E.R. and Wright, H.A. 1981. Germination requirements of loto bush in Texas, Arizona,
New Mexico, and northern Mexico. J. Range Manage. 34, 365-368.

Sprinfield, H.W. 1974. Eurotia lanata (Pursh) Mog. In Seeds of Woody Plants in the United States.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 95

Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 398-400.
Sreeramulu, N. 1983. Auxins, inhibitors and phenolics in bambarranut seeds (Voandzeia
subterranea Thouars) in relation to loss of viability during storage. Ann. Botany 51, 209-216.
Ssu-Hsieh Chia, 535. (Essential Techniques for the Peasantry). Taipei, Taiwan: Chung Hwa Book

Company Ltd, republished in 1980.

Staden, J. van 1978. Seed viability in Protea neriifolia. 11. The effects of different storage conditions
on seed longevity. Agroplantae 10, 69-72.

Staden, J. van, Gilliland, M.G. and Brown, N.A.C. 1975. Ultrastructure of dry viable and non-
viable Protea compacta embryos. Z. Pflanzenphysiol. 76, 28-35.

Staden, T. van, Gilliland, M.G. and Dix, D.L., 1981. Long-term storage of Protea neriifolia seed. S.
Afr. J. Sci. 77, 140-141.

Staden, J. van, Kelly, K.M. and Stormanna, C. 1990. Dormancy and germination of Alberta magna
seeds. S. Afr. J. Botany 56, 542-545.

Stanley, R.G. and Butler, W.L. 1961. US Department of Agriculture Yearbook, pp. 88-94.

Stanwood, P.C. 1984. Cryopreservation of seeds. In IBPGR Advisory Committee on Seed Storage.
Report of the Second Meeting. Rome: International Board for Plant Genetic Resources. Pp. 8-27.

Stanwood, P.C. 1985. Cryopreservation of seed germplasm for genetic conservation. In
Cryopreservation of Plant Cells and Organs. Ed. K.K. Kartha. Bocca Raton, Florida: CRC Press
Inc. Pp. 199-226.

Stanwood, P.C. 1986. Preservation of recalcitrant seeds. J. Seed Technology 10, 140-141.

Stanwood, P.C. 1987. Survival of sesame seeds at the temperature (-196°C) of liquid nitrogen.
Crop Science 27, 327-331.

Stanwood, P.C. and Bass, L.N. 1978. Ultra cold preservation of seed germplasm. In Plant Cold
Hardiness and Freezing Stress. Eds P. Li and A. Sakai. New York: Academic Press. Pp. 361-371.

Stanwood, P.C. and Bass, L.N. 1981. Seed germplasm preservation using liquid nitrogen. Seed
Sci. Technol. 9, 423-437.

Stanwood, P.C. and Roos, E.E. 1979. Seed storage of several horticultural species in liquid
nitrogen (-196°C). HortScience 14, 628-630.

Stanwood, P.C. and Sowa, S. 1995. Evaluation of onion (Allium cepa) seed after 10 years of
storage at 5, -18, and -196°C. Crop Science 35, 852-856.

Stein, W.I. 1974a. Libocedrus decurrens Torr. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 494-499.

Stein, W.I. 1974b. Umbellularia (Nees) Nutt. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 835-839.

Steinbauer, C.E. and Steinbauer, G. P. 1932. Effects of temperature and desiccation during
storage on germination of seeds of the American elm (Ulmus americana L.). Proc. Am. Soc.
Hort. Sci. 28, 441-443.

Steinbauer, G.P. 1937. Dormancy and germination of Fraxinus seeds. Plant Physiology 12, 813-824.

Steinecke, H.J, Riemann, K. and Wieczorek, H. 1988. (Results and experience in producing beech
plants from cold-stored seed from the 1983 mast year in Ballenstedt State Forest Enterprise).
Sozialistische Forstwirtschaft 38, 45-46. (Seed Abstracts 1990, 13, No 4104).

Steiner, A.M. and Ruckenbauer, P. 1995. Germination of 110-year-old cereal and weed seeds, the
Vienne sample of 1877. Verification of effective ultra-dry storage at ambient temperature.
Seed Sci. Res. 5 195-199.

Stevens, R., Jorgensen, K.R. and Davis, J.N. 1981. Viability of seed from thirty-two shrub and
forb species through fifteen years of warehouse storage. Great Basin Naturalist 41, 274-277.

Stickney, P.F. 1974. Philadelphus lewisii Pursh. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 580-581.

Still, D.W., Kovach, D.A. and Bradford, K.J. 1994. Development of desiccation tolerance during
embryogenesis in rice (Oryza sativa) and wild rice (Zizania palustris). Plant Physiology 104,
431-438.

Stimart, D.P. 1981. Factors regulating germination of trifoliate maple seeds. HortScience 16, 341-
343.

Storey, W.B. 1969. Macadamia. In Handbook of North America Nut Trees. Ed. R.A. Jaynes. Knoxville,
Tennessee: North American Nut Growers Association. Pp. 321-335.

Storey, W.B. and Kemper, W.C. 1960. A study of macadamia seed germination. California



96 HANDBOOKS FOR GENEBANKS NO. 4

Macadamia Society Yearbook 6, 59-64.

Stotzky, G. and Cox, E.A. 1962. Seed germination in Musa. IlI. Alternating temperature
requirement for the germination of Musa balbisiana. Am. J. Botany 49, 763-770.

Stotzky, G., Cox, E.A. and Goos, R.D. 1962. Seed germination studies in Musa. I. Scarification
and aseptic germination of Musa balbisiana. Am. J. Botany 49, 515-520.

Strauss, M.s., Michaud, J.D. and Arditti, J. 1979. Seed storage and germination and seedling
proliferation in taro, Colocasia esculenta (L.) Schott. Ann. Botany 43, 603-612.

Stribling, I.L. 1986. Clematis armandii propagation by seed. Plant Propagator 32, 10-11.

Sukhvibul N. and Considine, J.A. 1994. Regulation of germination of seed of Anigozanthos
manglesii. Austr. J. Botany 42 191-203.

Sulaiman, .M. 1993. Seed germination studies in three species of threatened, ornamental,
Himalayan poppy, Meconopsis Vig. (Papaveraceae). Seed Sci. Technol. 21, 593-603.

Sulikeri, G.S. and Kololgi, S.D. 1977. Seed viability in cardamom (Elettaria cardamomum Maton).
Curr. Res. 6, 163-164.

Strauss, M.S., Michaud, J.D. and Arditti, J. 1979. Seed storage and germination and seedling
proliferation in taro, Colocasia esculenta (L.) Schott. Ann. Botany 43, 603-612.

Sun, C.N. 1958. The survival of excised pea seedlings after drying and freezing in liquid
nitrogen. Botanical Gazette 119, 234-236.

Sur, K. K., Lahiri, A.K. and Basu, R.B. 1989. Maintenance of bamboo (Dendracalamus strictus) seed
viability by hydration - dehydration treatments. Indian J. Forestry 12, 142-144,

Suriamiharija, S. 1979. Seed characteristics of Agathis loranthifolia. Malaysian Forester 42, 214-220.

Suszka, B. 1971-1974. Studies on the long-term storage of acorns. Annual Reports 1971-1974, Polish
Academy of Sciences, Institute of Dendrology, Kornik, Poland.

Suszka, B. 1974. Storage of beech (Fagus sylvatica L.) seed for up to 5 winters. Arboretum Kornickie
19, 105-128.

Suszka, B. 1975. Cold storage of already after-ripened beech (Fagus sylvatica) seeds. Arboretum
Kornickie 20, 299-315.

Suszka, B. 1978a. Germination of tree seed stored in a partially after ripened condition. Acta Hort.
83, 181-187.

Suszka, B. 1978b. How to achieve simultaneous germination of after-ripened hardwood seed. In
Symposium on Establishment and Treatment of High Quality Hardwood Forests in the Temperate
Climatic Region. Nancy - Champenoux, France.

Suszka, B. and Tylkowski, T. 1981. Storage of acorns of the English oak (Quercus robur L.) over 1-
5 winters. Arboretum Kornickie 25 199-229.

Suszka, B. and Tylkowski, T. 1982. Storage of acorns of the northern red oak (Quercus borealis
Michx. = Q. rubra L.) over 1-5 winters. Arboretum Kornickie 26, 253-306.

Suszka, B. and Zieta, L. 1976. Further studies on the germination of beech (Fagus sylvatica L.) seed
stored in already after-ripened conditions. Arboretum Kornickie 21, 279-296.

Suszka, B. and Zieta, L. 1977. A new preserving treatment for cold-stored beech (Fagus sylvatica
L.) seed. Arboretum Kornickie 22, 237-255.

Tamari, C. 1976. Phenology and Seed Storage Trials of Dipterocarps. Research Pamplet No 69. Kuala
Lumpur, Malaysia: The Forestry Department.

Tamari, C. 1978. Critical water content for survival of Quercus acorns. In Long-Term Preservation of
Favourable in Arboreal Crops. Eds T. Akihama and K. Nakajima. Japan: Fruit Tree Research
Station, Ministry of Agriculture and Food. Pp. 49-53.

Tang, H.T. 1971. Preliminary tests on the storage and collection of some Shorea seeds. Malaysian
Forester 34, 84-98.

Tang, H.T. and Tamari, C. 1973. Seed description and storage tests of some dipterocarps.
Malaysian Forester 36, 38-53.

Tang, L.F. and Fu, J.R. 1993. (A reasonable suggestion on moist storage of jackfruit (Artocarpus
heterophyllus Lam.) seed). Acta Scientiarum Naturalium Universitatis Sunyarseni 32, 111-115.
(Seed Abstracts 1994, 17 (5), No 1485).

Tauer, C.G. 1979. Seed tree, vacuum, and temperature effects on eastern cottonwood seed
viability during extended storage. Forest Sci. 25, 112-114.

Teketay, D. 1993. Germination ecology of Vernonia galamemsis (Cass.) Less. var ethiopica M.G.
Gilbert, a new industrial oilseed crop. Tropical Ecology 34, 64-74.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 97

Teng, Y.T. 1977. Storage of passion fruit (Passiflora edulis forma flavicarpa) seeds. The Malaysian
Agric.J. 51, 118-123.

Teng, Y.T. and Hor, Y.L. 1976. Storage of tropical fruit seeds. In Seed Technology in The Tropics.
Eds H.F. Chin, I.C. Enoch, and R.M. Raja Harun. Malaysia: Universiti Pertanian Malaysia.
Pp. 135-146.

Tesfaye, M. 1992. The effect of soaking, temperature and other pretreatments on the germination
of “enset” seed. Seed Sci. Technol. 20, 533-538.

Tewari, D.N. 1992. Monograph on neem (Azadirachta indica A. Juss.). India Council of Research
and Education, Dehra Dun: International Book Distributors.

Thapliyal, R.C. and Gupta, B.N. 1980. Effect of seed source and stratification on the germination
of deodar seed. Seed Sci. Technol. 8, 145-150.

Thapliyal, R.C. and Rawat, M.M.S. 1991. Studies on the germination and viability of seed of two
species of Himalayan alders, Alnus nitida and A. nepalensis. Indian Forester 117, 256-261.

Thapliyal, R.C., Sood, O.P. and Rawat, M.M.S. 1991. Effect of moisture content and storage
temperature on the viability of Bambusa tulda seed. Int. Tree Crop J. 7, 67-75.

Thilenius, J.F., Evans, K.E. and Garrett, E.C. 1974. Shepherdia Nutt. In Seeds of Woody Plants in the
United States. Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 771-
773.

Thomas, A.S. 1946. Cinchona in Uganda. Empire J. Exp. Agric. 14, 75-84.

Thomas, C.A. 1980. Jack fruit, Artocarpus heterophyllus (Moraceae), as source of food and income.
Econ. Botany 34, 154-159.

Tietema, T., Merkesdal, E. and Schroten, J. 1992. Seed Germination of Indigenous Trees in Botswana.
Botswana: Forestry Association of Botswana.

Tillotson, C.R. 1921. Growing and planting hardwood seedlings on the farm. USDA Farmers'
Bulletin No 1123.

Toit, H.J. du, Jacobs, G. and Strydom, D.K. 1979. Role of the various seed parts in peach seed
dormancy and initial seedling growth. J. Am. Soc. Hort. Sci. 104, 490-492.

Tompsett, P.B. 1982. The effect of desiccation on the longevity of seeds of Araucaria hunsteinii and
A. cunninghamii. Ann. Botany 50, 693-704.

Tompsett, P.B. 1983a. Handling and storage of Agathis and Araucaria seed. Sylvicultura Ano VIII
no 30, 290-293.

Tompsett, P.B. 1983b. The influence of gaseous environment on the storage life of Araucaria
hunsteinii seed. Ann. Botany 52, 229-237.

Tompsett, P.B. 1984a. The effect of moisture content and temperature on the storage life of
Avraucaria columnaris. Seed Sci. Technol. 12, 801-816.

Tompsett, P.B. 1984b. Desiccation studies in relation to the storage of Araucaria seed. Ann. Appl.
Biol. 105, 581- 586.

Tompsett, P.B. 1985. The influence of moisture content and temperature on the viability of Shorea
almon, S. robusta and S. roxburghii seeds. Can. J. Forest Res. 15, 1074-1079.

Tompsett, P.B. 1986a. The effect of desiccation on the viability of dipterocarp seed. In Proceedings
of the IUFRO Symposium on Seed Problems Under Stressful Conditions. Ed. J. Nather. Vienna:
IUFRO. Pp. 181-201.

Tompsett, P.B. 1986b. The effect of temperature and moisture content on the longevity of seeds
of Ulmus carpinifolia and Terminalia brasii. Ann. Botany 57, 875-883.

Tompsett, P.B. 1987. Desiccation and storage studies on Dipterocarpus seeds. Ann. Appl. Biol. 110,
371-379.

Tompsett, P.B. 1990. Predicting the storage life of orthodox tropical forest tree seeds. In Tropical
Tree Seed Research: Proceedings of an international workshop held at the Forestry Training Centre,
Gympie, Qld, Australia, 21-24 August 1989. ACIAR Proceedings No 28. Ed. J.W. Turbull. Pp. 93-
98.

Tompsett, P.B. 1992. A review of the literature on storage of dipterocarp seeds. Seed Sci. Technol.
20, 251-267.

Tompsett, P.B. 1994. Capture of genetic resources by collection and storage of seed: a
physiological approach. In Tropical Trees: The Potential for Domestication and the Rebuilding of
Forest Resources. ITE Symposium No 29, ECTF Symposium No 1. Eds R.R.B. Leakey and
A.C. Newton. London: HMSO. Pp. 61-71.



98 HANDBOOKS FOR GENEBANKS NO. 4

Torres, M., Muiioz, F., Cases, A. and Ortega, T. 1989. Effect of age on the viability of fennel seeds
from cultivated plants. Acta Hort. 253, 113-119.

Touchell, D.H. and Dixon, K.W. 1993. Cryopreservation of seed of Western Australian native
species. Biodiversity and Conservation 2, 594-602.

Towill, L.E. 1982. Low temperature (-192°C) storage of true seed from the tuber-bearing Solanum
species. Am. Potato J. 59, 141-147.

Towill, L.E. 1983. Longevity of true seed from tuber-bearing and closely related non-tuber-
bearing Solanum species. Am. Potato J. 60, 75-83.

Trillo, T.A. and Carro, AJ.M. 1993. Germination, seed-coat structure and protein patterns of
seeds from Adenocarpus decorticans and Astragalus granatensis growing at different altitudes.
Seed Sci. Technol. 21, 317-326.

Trivifi_, D.T., Acosta, R.S. De and Castillo, A. 1990. Tecnicas de Manejo de Semillas Para Algunas
Especies Forestales Neotropicales en Colombia. Bogota, Colombia: CONIF - INDERENA - CIID.
Serie de Documentacion No 19.

Tschinkel, H. 1967. La madurez y el almacenamiente de semillas de Cordia alliodora (Ruiz and
Pav.) Cham. Turrialba 17, 89-90.

Turnbull, JW. 1975. The handling and storage of eucalypt seed. In Report on FAO/DANIDA
Training Course on Forest Seed Collection and Handling, Vol 2. Rome: Food and Agriculture
Organisation of the United Nations.

Turbull, J. and Doran, J. 1987. Seed development and germination in the Myrtaceae. In
Germination of Australian Native Plant Seed. Ed. P. Langkamp. Melbourne, Sydney: Inkata
Press. Pp. 46-57.

Turbull, JW. and Martensz, P.N. 1982. Aspects of seed collection, storage and germination in
Casuarinaceae. Austr. Forest Res. 12, 281-294.

Turner, D.J. 1956. Some observations on the germination and grading of cashewnut. East African
Agric. J. 22, 35-35.

Turner, J.H. 1933. The viability of seeds. Kew Bulletin Misc. Information 1933, 257-269.

Turner, Y.J. and Heydecker, W. 1974. The germination of polyanthus seeds. Seed Sci. Technol. 2,
293-303.

Tylkowski, T. 1984. The effect of storing silver maple (Acer saccharinum L.) samaras on the
germinative capacity of seeds and seedling growth. Arboretum Kdrnickie 29, 131-141.

Tylkowski, T. 1987. Storing of Russian elm (Ulmus laevis Pall.) seed over many years. Arboretum
Kérnickie 32, 297-305.

Tylkowski, T. 1989. Short-term storage of after-ripened seeds of Acer platanoides L. and A.
pseudoplatanus L. Arboretum Kérnickie 34, 135-141.

Tylkowski, T. 1991. Thermal conditions for the after-ripening and germination of cornelian
cherry (Cornus mas L.) seeds. Arboretum Kérnickie 34, 135-141.

Uhl, N.W. and Dransfield, J. 1987. Genera Palmarum. Lawrence, Kansas: Allen Press. 610pp.

Umboh, M.1J. 1987. Multidisciplinary research on Shorea javanica. IV. Storage and germination
tests on Shorea javanica seeds. Biotropia 1, 58-66.

Usberti, R. and Felippe, G.M. 1980. Viabilidade de sementes de Citrus limonia Osb. com baixo
teor de umidade, armazenadas em diferentes temperaturas. Pesquisa Agropecuaria Brasileira
15, 393-397.

USDA 1948. Woody Plant Seed Manual. USDA, Forest Service, Misc. Publ. 654.

Utomo, D., Sugiharti, S., Erizal, and Komar, T. 1990. Seed technology problems of sandalwood in
Indonesia. In Tropical Tree Seed Research, ACIAR Proceedings No 28. Ed. J.W. Turbull. Pp. 51-
54.

Vanangamudi, K. and Palanisamy, V. 1989. Viability of illupai (Madhura longifolia var. latifolia)
seed. Seed Research 17, 186-187.

Varela, V.P. and Facanha, J.G.V. 1987. (Drying of cumaru seeds: influence on germination and
vigour). Pesquisa Agropecuaria Brasileira 9, 9-10.

Vascocelos, T. 1981. (Germination of seeds of common reed (Phragmites australis (Cav.) Steudel
and cattails (Typha domingensis (Pers.) Steudel and T. latifolia L.). In | Congress Portugués de
Fitiatria e de Fitofarmacologia e Il Simposio Nacional de Herbologia 1980, volume 3, 85-81. (Seed
Abstracts 1982, 5 (9), No 2455).

Vasistha, H.B. and Soni, P. 1988. Germination capacity of Trema politoria Planch, an economic



SEED STORAGE BEHAVIOUR: A COMPENDIUM 99

plant species. Indian Forester 114, 102-104.

Vasistha, H.B. and Soni, P. 1989. Germination behaviour of Buddleja asiatica Lour - a promising
shrub for regreening of degraded habitats. Indian Forester 115, 120-121.

Vazquez-Yanes, C. 1981. (Germination of two species of Tiliaceae from secondary tropical
vegetation: Belotia campbellii and Heliocarpus donnell-smithii). Turrialba 31, 81-83.

Véazquez-Yanes, C. and Orozco-Segovia, A. 1993. Patterns of seed longevity and germination in
the tropical rainforest. Ann. Rev. of Ecology System 24, 69-87.

Véazquez-Yanes, C. and Toledo, J.R. 1989. El almacenamiento de semillas en la conservacion de
especies vegetales. Problemas y applicaciones. Boletin de la Sociedad Botanica de Mexico 49, 61-
69.

Veenendaal, E.M. and Ernst, W.H.O. 1991. Dormancy patterns in accessions of caryopses from
savanna grass species in South Eastern Botswana. Acta Botanica Neerlandica 40, 297-309.

Verheij, E. W. M. and Coronel, R. E. 1991. Plant Resources of Southeast Asia. No 2. Edible Fruits and
Nuts. Wageningen: Pudoc. Pp. 447.

Vertucci, C.W. 1989. Relationship between thermal transitions and freezing injury in pea and
soybean seeds. Plant Physiology 90, 1121-1128.

Vertucci, C.W. and Roos, E.E. 1990. Theoretical basis of protocols for seed storage. Plant
Physiology 94: 1019-1023.

Vertucci, C.W. and Roos, E.E. 1991. Seed moisture content, storage, viability and vigour. Seed Sci.
Res. 1, 277-279.

Vertucci, C.W. and Roos, E.E. 1993a. Theoretical basis of protocols for seed storage Il. The
influence of temperature on optimal moisture levels. Seed Sci. Res. 3, 201-213.

Vertucci, C.W. and Roos, E.E. 1993b. Seed storage temperature and relative humidity response.
Seed Sci. Res. 3, 215-216.

Vertucci, C.W., Berjak, P., Pammenter, N.M. and Crane, J. 1991. Cryopreservation of embryonic
axes of an homeohydrous (recalcitrant) seed in relation to calorimetric properties of tissue
water. Cryo-Letters 12, 339-350.

Vertucci, C.W. and Roos, E.E. and Crane, J. 1994a. Theoretical basis of protocols for seed storage
111. Optimum moisture contents for pea seeds stored at different temperatures. Ann. Botany
74, 531-540.

Vertucci, C.W., Crane, J., Porter, R.A. and Oelke, E.A. 1994b. Physical properties of water in
Zizania embryos in relation to maturity status, water content and temperature. Seed Sci. Res.
4:211-224.

Vertucci, C.W., Crane, J.,, Porter, RA. and Oelke, E.A. 1995. Survival of Zizania embryos in
relation to water content, temperature and maturity status. Seed Sci. Res. 5, 31-40.

Villiers, T.A. 1974. Seed ageing: chromosome stability and extended viability of seeds stored
fully imbibed. Plant Physiology 53, 875- 878.

Villiers, T.A. 1975. Genetic maintenance of seeds in imbibed storage. In Crop Genetic Resources for
Today and Tomorrow. Eds O.H. Frankel and J.G. Hawkes, pp. 297- 316. Cambridge:
Cambridge University Press.

Villiers, T.A. and Edgecumbe, D.J. 1975. On the cause of seed deterioration in dry storage. Seed
Sci. Technol. 3, 761- 764.

Viana, A.M. and Felippe, G.M. 1990. Effects of storage on germination of Dioscorea composita
(Dioscoreaceae) seeds. Econ. Botany 44, 311-317.

Vianna, N.G. 1983. Armazenamento de sementes de mogno (Swietenia macrophylla King).
Silvicultura Ano VIII, 28, 539-540.

Vianna, N.G. 1983b. Produgdo e tecnologia de sementes de freij6 (Cordia goeldiana Huber).
Silvicultura Ano VIII, 28, 541-543.

Vianna, N.G. 1983c. Conservacdo de sementes de andiroba (Carapa guianensis Aubl.)
acondicionadas em diferentes embalagens e sob diversas condi¢des de armazenagem.
Silvicultura Ano V111 28, 544-545.

Visser, T. 1956. The role of seed coat and temperature in after-ripening, germination and
respiration of apple seeds. Proceedings Koninklijke Nederlands Akademie van Wetenschappen 59,
211-222.

Visser, T. and Tillekeratne, L.M. de Waas 1958. Observations on the germination and storage of
tea pollen and seed. Tea Quarterly 29, 30-35.



100 HANDBOOKS FOR GENEBANKS NO. 4

Vivekanandan, K. 1978. Retention of viability of mahogany seed through cold storage. The
Srilanka Forester 13, 67-68.

Vogel, W.G. 1974. Lespedeza Michx. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 488-490.

Von Breitenbach, F. 1965. The Indigenous Trees of Southern Africa. Vol. 3. Part 2. Republic of South
Africa: Department of Forestry, the Government Printer. 500pp.

Von Teichman I. and Van Wyk, A.E. 1994. Structural aspects and trends in the evolution of
recalcitrant seeds in dicotyledons. Seed Sci. Res. 4, 225-239

Vossen, H.A.M. Van Der 1979. Methods of preserving the viability of coffee seed in storage. Seed
Sci. Technol. 7, 65-74.

Walters, G.A. 1974. Toona australis Harms. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 813-814.

Wang, B.S.P. 1974. Tree-seed storage. Canadian Forestry Service Publication No 1335. Ottawa:
Department of the Environment.

Wang, B.S.P. 1975. Tree seed and pollen storage for genetic conservation: possibilities and limitations.
Report on a pilot study on the methodology of conservation of forest genetic resources to
the Food and Agriculture Organisation of the United Nations. Pp. 93-103.

Wang, B.S.P. 1982. Long-term storage of Abies, Betula, Larix, Piceas, Pinus and Populus seeds.
Proceedings of the IUFRO International Symposium on Forest Tree Seed Storage, Ontario. Eds
B.S.P Wang and J.A. Pitel. Ottawa, Canada: Environment Canada, Canada Forestry Service.
Pp. 212-218.

Wang, B.S.P. and Haddon, B.D. 1978. Germination of red maple seed. Seed Sci. Technol. 6, 785-
790.

Wang, B.S.P. and Zasada, J.C. 1976. A review of papers published in the Proceedings of the
IUFRO International Symposium on Seed Processing. Seed Sci. Technol. 4, 341-349.

Wang, B.S.P., Charest, P.J. and Downie, B. 1994. Ex Situ Storage of Seeds, Pollen and In Vitro
Cultures of Perennial Woody Plant Species. FAO Forestry Paper 113. Rome: Food and
Agriculture Organisation of the United Nations.

Wang, C. and Shao, B. 1987. Preliminary studies on dormancy and germination of camphor tree
seeds. In Proceeedings of the International Symposium on Forest Seed Problems in Africa, Harare,
Zimbabwe, Aug 23 - Sept 2 1987. Ed. S.K. Kamra. Pp. 100-107.

Wang, Y.T. 1991. Enhanced germination of Sophora secundiflora seeds. SubTropical Plant Science 44,
37-39.

Warnes, K. 1983. Eremophila from seed. Australian Plants 12, 23-24.

Watson, L.E., Uno, G.E., McCarty, N.A. and Kornkven, A.B. 1994. Conservation biology of a rare
plant species, Eriocaulon kornickianum (Eriocaulaceae). Am. J. Botany 8, 980-986.

Webster, C.C. 1948. The effect of seed treatments, nursery technique and storage methods on the
germination of tung seed. East African Agric. J. 14, 38-48.

Webster, C.C. and Baulkwill, W.J. 1989. Rubber. Longman Scientific & Technical.

Wellman, F.L. 1961. Coffee, Botany, Cultivation and Utilisation. London: Leonard Hill Limited.

Wellman, F.L. and Toole, V.K. 1960. Coffee seed germination as affected by species, diseases and
temperature. Proceedings of the Caribbean Section, Am. Soc. Hort. Sci. 4, 1-6.

Wendel, G.W. 1974. Celastrus scandens L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 295-297.

Wesley-Smith, J., Vertucci, C.W., Berjak, P., Pammenter, N.W. and Crane, J. 1992.
Cryopreservation of desiccation sensitive axes of Camellia sinensis in relation to dehydration,
freezing rate and the thermal properties of tissue water. J. Plant Physiology 140, 596-604.

Whalley, D. 1987. Appendix 5. Dispersal unit and germination information on members of the
Poaceae. In Germination of Australian Native Plant Seed. Ed. P. Langkamp. Melbourne,
Sydney: Inkata Press. Pp. 207-209.

White, D.G. 1947. Longevity of bamboo seed under different storage conditions. Trop. Agric.
(Trinidad) 24, 51-53.

Whitehouse, W.E. 1957. The pistachio nut. A new crop for the western United States. Econ.
Botany 11, 281-321.

Whitesell, C.D. 1974. Acacia Mill. In Seeds of Woody Plants in the United States. Agriculture Handbook
No 450. Washington DC: Forest Service, USDA. Pp. 184-186.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 101

Wick, H.L. 1974. Flindersia brayleyana F. Muell. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 409-410.

Wick, H.L. and Walters, G.A. 1974. Albizia Durazz. In Seeds of Woody Plants in the United States.
Agriculture Handbook No 450. Washington DC: Forest Service, USDA. Pp. 203-205.

Widrlechner, M.P. 1980. Seed storage for the commercial propagator. Combined Proc. Int. Plant
Propagators Soc. 40, 571-575.

Willan, R.L. 1985. A Guide to Forest Seed Handling. FAO Forestry Paper 20/2. Rome: Food and
Agriculture Organisation of the United Nations.

Williams, 1.H. and Weston, E.W. 1958. Hop propagation. The germination of hop seeds. Annual
Report 1957, Department of Hop Research, Wye College, 108-118.

Williams, R.J. and Leopold, A.C. 1989. The glassy state in corn embryos. Plant Physiology 89, 977-
981.

Wilson, J.E. 1980. Cocoyam Breeding by Flower Induction, Pollination and Seed Germination.
International Institute of Trop. Agric., Manual Series No 4, 15pp.

Winters, H.F. 1953. The mangosteen. In Fruits Varieties and Horticultural Digest 8, 57-58.

Winters, H.F. and Rodriguez-Colon, F. 1953. Storage of mangosteen seed. Proc. Am. Soc. Hort. Sci.
61, 304-306.

Witchard, M. 1990. Wahlenbergia. Australian Plants 15, 251-255.

Witte, W.T. 1977. Storage and germination of Zamia seed. Proc. Florida State Hort. Soc. 90, 89-91.

Woessner, R.A. and McNabb, K.L. 1979. Large scale production of Gmelina arborea Roxb seed - a
case study. Commonw. Forestry Rev. 58, 117-121.

Wong, W.H.C. 1974. Grevillea robusta L. In Seeds of Woody Plants in the United States. Agriculture
Handbook No 450. Washington DC: Forest Service, USDA. Pp. 437-438.

Wood, G.A.R. 1973. Cocoa. London: Longman.

Wrigley, G. 1988. Coffee. London: Longman.

Waulijarni-Soetjipto, N. 1985. Pengaruh pengeringan dan suhu penyimpanan terhadap daya
hidup biji Citrus amblycarpa. Berita Biologi 3, 95-100.

Wunder, W.G. 1966. The Handling of Seed of Sudan Forestry. Pamphlet No 19. Sudan Forests
Department and UNDP Forestry Research and Education Project. Soba, Khartoum: Forestry
Research Institute.

Xia, Q.H., Chen, R.Z. and Fu, J.R. 1992. Moist storage of lychee (Litchi chinensis Sonn.) and longan
(Euphora longan Steud.) seeds. Seed Sci. Technol. 20, 269-279.

Yamada, K. 1926. (Experiments on the storage of camphor seeds). Bull. Formosan Forestry Assoc.
19, 48-50.

Yamamoto, M. 1966. Germination and water content of the acorn during storage. Ecological
Review (Sendai) 16, 207-215.

Yap, S.K. 1980. Jelutong: phenology, fruit and seed biology. Malaysian Forester 43, 309-315.

Yap, S.K. 1981. Collection, germination and storage of dipterocarp seeds. Malaysian Forester 44,
281-300.

Yap, S.K. 1986. Effect of dehydration on the germination of dipterocarp fruits. In Proceedings of
the IUFRO Symposium on Seed Problems Under Stressfull Conditions. Ed. J. Nather. Austria,
Vienna and Gmunden.

Yap, S.K. and Wong, S.M. 1983. Seed biology of Acacia mangium, Albizia falcataria, Eucalyptus
spp., Gmelina arborea, Maesopsis eminii, Pinus caribaea, and Tectona grandis. Malaysian Forester
46, 26-46.

Yasuda, M., Kano, Y. and Konoshima, M. 1985. (Pharmacological and botanical studies on the
crude drugs in Hokkaido. Part Il. Cultivation of Corydalis ambigua Cham. and Schlecht. (I).
Germination and seedlings). Shoyakugaku Zashi 39, 208-213. (Seed Abstracts 1988, 11 (6), No
1514).

Yawney, HW. and Carl, C.W., Jr. 1974. Storage Requirement for Sugar Maple Seeds. USDA,
Forestry Service, Northeast Forestry Experimental Station, Upper Darby, PA, Research
Paper NE-298.

Yelenosky, G. 1978. Freeze survival of Citrus trees in Florida. In Plant Cold Hardiness and Freezing
Stress. Mechanisms and Crop Implications. Eds P.H. Li and A. Sakai. Academic Press. Pp. 297-
311.

Yermanos, D.M., Dhillon, G. and Holmes, R. 1977. Jojoba wax extraction and bleaching.



102 HANDBOOKS FOR GENEBANKS NO. 4

California Agriculture 31, 16.

Young, J.A. and Young, C.J. 1986. Collecting, Processing and Germinating - Seeds of Wildland Plants.
Portland, Oregon: Timber Press.

Young,J.A. and Young, C.G. 1992. Seeds of Woody Plants in North America. Oregon, Portland:
Dioscorides Press.

Young, J.A., Evans, R.A., Buddy, J.D. and Palmquist, D.E. 1988. Stratification of seeds of western
and Utah juniper. Forest Sci. 34, 1058-1060.

Zaki, A. 1970. Premieres études sur les phenomenes de dormance de la graine de cédre et sur
l'influence de différents facteurs a I'égard de sa germination. Annals de Recherche de Forestiers
de Maroc 11, 244- 298.

Zanakis, G.N., Ellis, R.H. and Summerfield, RJ. 1993. Response of seed longevity to moisture
content in three genotypes of soybean (Glycine max). Exp. Agric. 29, 449-459.

Zanakis, G.N., Ellis, R.H. and Summerfield, RJ. 1994. Seed quality in relation to seed
development and maturation in three genotypes of soyabean (Glycine max). Experimental
Agriculture 30: 139-156.

Zasada, J.C. and Densmore, R. 1977. Changes in Salicaceae seed viability during storage. Seed Sci.
Technol. 5, 509-517.

Zasada, J.C., Tappeiner I, J.C. and Max, T.A. 1990. Viability of bigleaf maple seeds after storage.
Western J. Applied Forestry 5, 52-55.

Zentsch, W. and Diaz, Y. 1977. Investigations on the germination of Calophyllum brasiliense. Beitr.
Forstwirtsch. 11, 73-74.

Zewdie, M. 1994. Current status of germplasm holding at PGRC/E. PGRC/E Germplasm Newsl. 2
(February 1994), 2-5.

Zewdie, M. and Ellis, R.H. 1991a. Comparisons of seed longevity between tef and niger in
similar storage conditions. Seed Sci. Technol. 19, 303-307.

Zewdie, M. and Ellis, R.H. 1991b. Survival of tef and niger seeds following exposure to sub-zero
temperatures at various moisture contents. Seed Sci. Technol. 19, 309-317.

Zewdie, M. and Ellis, R.H. 1991c. The upper-moisture-content limit to negative relations between
seed longevity and moisture in niger and tef. Seed Sci. Technol. 19, 295-302.

Zewdie, M. and Ellis, R.H. 1991d. Response of tef and niger seed longevity to storage
temperature and moisture. Seed Sci. Technol. 19, 319-329.

Zhang, M., Liu, Y., Torii, I., Sasaki, H. and Esashi, Y. 1993. Evolution of volatile compounds by
seeds during storage periods. Seed Sci. Technol. 21, 359-373.

Zhang, R.H., Gong, G.W., Shen, X.K., Zhou, D.M., Kang, Z.X. and Yang, F.C. 1988. (A study of
pollen, seed and seedling of Ostrya rehderiana Chun.). J. Zhejiang Forestry Sci. Technol. 8, 7-11.
(Seed Abstracts 1991, 14 (7), No 2221).

Zinc, E. and Ojirna, M. 1965. Influéncia das condig¢bes de armazenagem no poder germinativo
das sementes de néspera. Brigantia 24, Supplement IX-XII.

Zietsman, P.C. and Botha, F.C. 1987. Seed germination of Ziziphus mucrota subsp. mucrota. South
African J. Botany 53, 341-344.

Zobel, D.B. 1990. Effects of low temperature, seed source, and seed age on germination of
Chamaecyparis lawsoniana. Can. J. Forest Res. 20, 1053-1059.

Zoysa, N.D. de and De Zoysa, N.D. 1986. Studies on seed storage, germination and initial
development of Doona trapezifolia. Sri-Lanka Forester 17, 116-137.

Zulueta, J. de, Montoto, J.L. and De-Zulueta, J. 1992. (Effects of temperature and moisture on the
germination of Quercus ilex and Quercus suber acorns). Investigacion Agraria, Sistemas y
Recursos Forestalesl, 65-71. (Seed Abstracts 1994, 17, no 3663).

Personal Communications

Mr G. Balcha. Forestry Research Centre, PO. Box 30708, Addis Ababa, Ethiopia.

Dr J. Blyth. School of Forestry, Edinburgh University, UK.

Dr J.B. Dickie. Royal Botanic Gardens Kew, Wakehurst Place, UK.

Dr I.D. Kossmann Ferraz. Instituto Nacional de Pesquisas da Amazonia, Manaus, Brazil.

Dr D.B. Krishnapillay. Forest Research Institute Malaysia, Kepong, 52109 Kuala Lumpur,
Malaysia.



SEED STORAGE BEHAVIOUR: A COMPENDIUM 103

Mr M. Lima Jr. Departamento De Engenharia Forestal, Universidade Do Amazonas, Brazil; now
at Seed Science Laboratory, Department of Agriculture, The University of Reading.

Mr C. Marunda. Forestry Research Centre, P.O. Box HG 595, Highlands, Harare, Zimbabwve.

Mr L. Motoma. Forestry Association of Botswana, P.O. Box 2088, Gaborone, Botswana.

Dr Doai Van Nguyen. National Forest Seed Company, 57 Ngockhanh, Badinh, Hanoi, Vietnam.

Dr H.W. Pritchard. Royal Botanic Gardens Kew, Wakehurst Place, UK.

Dr R.J. Praobert. Royal Botanic Gardens Kew, Wakehurst Place, UK.

Mr P. Pukittayacamee. ASEAN-CANADA Forest Tree Seed Centre, Muak-Lek, Saraburi,
Thailand.

Mr M. Sacande. Centre National de Semences Forestieres, Ouagadougou, Burkina Faso.

Mr .M. Shehaghilo. Silvicultural Research Centre, Tanzania Forestry Research Institute
(TAFORI), P.O. Box 95, Lushoto, Tanzania.

Mr E. Weldeghiorghis. Department of Plant & Soil Sciences, University of Asmara, Eritrea; now
at Seed Science Laboratory, Department of Agriculture, The University of Reading.



104 HANDBOOKS FOR GENEBANKS NO. 4

Part Il. Compendium

Note to the reader:
The information on seed storage behaviour for the more than

7000 taxa is now available through the online searchable
database 'IPGRI Species Compendium' on IPGRI's web site at
www.ipgri.cqgiar.org/themes/exsitu/IPGRIspeciescompendium




