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Genebanks underpin global food security, conserving and distributing agrobiodiversity for use in research and
breeding. The CGIAR collections include >700,000 seed accessions, held in trust as global public goods. How-
ever, the role of genebanks in contributing to global food security can only be realized if collections are effec-
tively managed. Examination of the historical viability monitoring data from seven CGIAR genebanks confirmed
that high seed viability was maintained for many decades for the various crops and forage species. However,
departures from optimum management procedures were revealed, and there were insufficient data gathered to

derive reliable estimates of longevity needed to better forecast regeneration requirements, estimate the size of
seed lots that should be stored, and optimize accession monitoring intervals.

1. Introduction

Since the advent of agriculture, greater food production has resulted
from increasing cropping area, the number of crops per annum and/or
crop yield per unit area. Crop food production and supply chains are
internationally interdependent. Moreover, they depend upon plant ge-
netic material that has been collected and distributed internationally:
for example, “new” crops were moved across oceans by colonialists from
1492 onwards, following the return of Columbus from the New World,
whilst modern plant breeding developed and distributed improved

varieties of existing crops from the late-19th/early-20th centuries on-
wards (Kloppenburg, 1988).

The need for diverse germplasm adapted to different environments
was recognised nationally in the late-19th century by Russia and the
USA, both with large land masses suitable for improved agriculture. In
1894, Russia established its Bureau of Applied Botany to collect and
study crop diversity, which quickly collected germplasm from within
Russia and received other material from Canada and Sweden (Loskutov,
2020). By 1921, it had become the Department of Applied Botany and
Plant Breeding (later, the All-Union Institute of Plant Industry) led by N.
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L. Vavilov. Its scientists collected and studied plant germplasm from
across five continents (Vavilov, 1997; Loskutov, 2020). Similarly, in
1898, the United States Department of Agriculture (USDA) created its
Section of Seed Production and Introduction and despatched seed col-
lectors globally (Kloppenburg, 1988; Kaplan, 1998). In that first year,
new durum and bread wheat varieties were collected from Russia and
introduced successfully into the USA, such that, within five years, USA
wheat production had increased from 60,000 to 20 million bushels a
year (Kaplan, 1998). Both countries subsequently introduced seed stores
to maintain their germplasm collections. The USDA opened the National
Seed Storage Laboratory in 1958 dedicated to this task as a keystone of
the USDA germplasm system (James, 1972; Griesbach, 2013).

The growing importance of germplasm to improve crop varieties to
support the burgeoning world population after World War 2, the
simultaneous loss of that germplasm by genetic erosion, and the growing
understanding of the relevance of genebanks, led to international action.
The International Board for Plant Genetic Resources (IBPGR) was
created in 1974 and soon released recommendations on standards for
long-term genetic resources conservation (IBPGR, 1976), detailed
advice on the design of long-term seed stores (Cromarty et al., 1982),
and protocols to germinate samples from seeds held in long-term storage
to monitor their viability (Ellis et al., 1985a, b). By the end of its first
decade, IBPGR was able to celebrate a network of 113 significant plant
germplasm collections, including those of CGIAR (Hanson et al., 1984).

CGIAR was founded in 1971 as a global research partnership aiming
to tackle the food crisis affecting many countries in the developing
world. Today, the CGIAR Centers manage some of the oldest, largest and
most diverse collections of staple food crops in the world that are held
in-trust as global public goods (FAO, 2010). Together, they include more
than 700,000 seed accessions stored in 27 crop collections at 10 CGIAR
Centers, and further collections of tissue culture and live plants (htt
ps://www.genebanks.org/resources/annual-reports/). The diversity in
the collections underpins CGIAR’s research and breeding efforts and is
shared upon request to users worldwide. Thus, the CGIAR genebanks
play an important part in the delivery of improved crop varieties to meet
wide-ranging goals to alleviate poverty, improve food and nutrition
security, and address climate change (Galluzzi et al., 2016).

To be effective, genebanks need to ensure that the seed samples
representing each and every accession are in a healthy state when put
into storage and maintain high viability on a long-term basis (IBPGR,
1976). However, each plant species shows individual seed behaviour
and differ in the period (by decades) they remain viable in storage
(Walters et al., 2005; Ellis et al., 2018, 2019; Colville and Pritchard,
2019). In theory, as soon as seed viability falls to a certain threshold
(typically 85%; FAO, 2014), accession regeneration should be triggered
so that new stocks are generated for storage and use (Fig. 1). ‘Active
management’ (i.e. further viability monitoring) of the low viability lot
then ceases and it should be discarded unless it is still considered suit-
able for distribution (or for research, for example, as discussed later, to
better understand longevity in storage). In this way, for each accession,
no more than one seed lot in the active collection and one seed lot in the
base collection should be under active management at any one time
(Fig. 1). However, early on, it was recognised that the task to monitor
the considerable number of seed accessions of diverse genotypes,
including crop wild relatives, was not trivial. Furthermore, it was
concluded that “many genebanks continue to place seeds in storage without
adequate testing and many have not properly established routine monitoring
regimes” (IBPGR, 1982).

IBPGR (1985) recommended genebanks test the viability of acces-
sions initially upon acquisition or entry from the field and, thereafter,
having been kept in optimal storage conditions (—18 °C, 3-7% moisture
content), retest at regular intervals of 5 or 10 years. Since this advice was
published, the UN Food and Agriculture Organization (FAO) has held
two rounds of consultations on genebank standards, the most recent
being published in 2014 (FAO, 2014). With regards to viability testing,
their advice reiterates the need for initial tests (within 12 months of the
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Fig. 1. Schematic showing the ‘life’ of a genebank accession in an example
where seed lots are maintained in both medium-term storage (MTS) and long-
term storage (LTS) environments, and where the genebank standard that “initial
germination of a seed lot should exceed 85%” (FAO, 2014) is met. This schematic
assumes that accession regeneration is not required because of loss of seed
through distribution. After initial multiplication and processing for storage,
seed lot 1 is divided and placed into both MTS and LTS. Entry into storage is
indicated by the downward arrows, this colour corresponding to that of the test
results. Viability monitoring tests are then every 5 years for seeds in MTS in this
example. In accordance with “The viability threshold for regeneration or other
management decision such as recollection should be 85% ...” (genebank standard
4.3.4; FAO, 2014), when the germination of seed lot 1 in MTS is < 85%, a new
seed lot is produced for the MTS. Viability monitoring of seed lot 1 in LTS
should then commence, typically at 10-year intervals. It is preferable to use
seeds from LTS (which are or are closer to the most original sample) for reju-
venation, though up to three cycles of rejuvenation can be made using seeds
from MTS, in particular for in-breeding species (Sackville Hamilton and
Chorlton, 1997). Once an accession has been ‘rejuvenated’, the remaining seeds
of the previous seed lot may be used for immediate distribution, but should
otherwise be discarded. The time scale indicated is not intended to reflect a
particular crop species. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)

accession being received) and subsequent retesting every 5 or 10 years.
However, if the length of time it takes for the viability of a seed lot to fall
to 85% can be estimated, then the monitoring test interval should be
one-third of that period up to a maximum interval of 40 years (FAO,
2014).

The activities of the CGIAR genebanks have had their programmatic
home in the CGIAR Genebank Platform (2017-2021), coordinated by
the Global Crop Diversity Trust. Routine genebank operations, including
accession management and viability monitoring, and some supporting
conservation research, is organized under the Conservation Module of
the Platform with an underlying principle of trying to improve opera-
tions while reducing costs. In this context, a better understanding of how
to maximize the longevity of seeds before and during storage, and of the
relative longevity of seed lots in storage may allow savings through the
extension of viability monitoring and rejuvenation intervals. A number
of genebanks have published historical viability data (e.g. Lee et al.,
2013; Van Treuren et al., 2013; Yamasaki et al., 2020) and collaboration
among genebanks in sharing such data has been encouraged (Solberg
et al., 2020). Such a collaboration among CGIAR genebanks began in
2015, with the specific target to redefine storage periods for 20 crops by
2022 (https://www.genebanks.org/wp-content/uploads/2019/09/Gen
ebanks-Platform-Full-Proposal.pdf).

This collaboration involved discussions on operations at, and
extraction of viability monitoring records for seed collections in, seven
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CGIAR genebanks. Theoretically, it should be possible to identify trends
in the data over long time periods or even model the data following
customary approaches (Ellis and Roberts, 1980; Hay et al., 2014). The
results of such analysis should inform both individual genebank man-
agement and help improve genebank standards and advice to genebank
managers in general. However, analysis of real genebank data is chal-
lenging for a number of reasons (Hay and Whitehouse, 2017). In many
cases, rather than gaining better understanding of seed longevity in
genebanks, the current study has highlighted many issues related to
sustaining processes to test seeds for viability over a long time period
and using viability data to manage seed collections.

2. Methods
2.1. Data

The data from the seven CGIAR genebanks were provided between
2013 and 2017 (Tables 1-4). At that time, all these genebanks used
different database systems and the data recorded varied. The data
requested included: accession number, taxon, type of material (e.g.
traditional cultivar/landrace, advanced/improved cultivar, research/
breeding material), country of origin, harvest season/year, storage type,
date seeds were placed into storage, date tested, test result (% viability
or % germination). ‘Storage type’ refers to whether the seeds were in
medium-term storage (MTS, normally used for the active collection;
seeds typically stored at 2-5°C) or in long-term storage (LTS, base
collection; seeds typically stored at -20°C). Information on how seeds
were handled after harvest was also collected. At the time of requesting
this information, none of these genebanks routinely recorded germina-
tion test conditions within their respective databases.

The data were provided in Excel file(s), with different files and/or
sheets for different crops and/or different types of storage (medium- or
long-term). Data were ‘tidied’ and sorted prior to analysis. Examples of
data checks made included:

e That there was consistency in format of fields (e.g. accession number
and harvest year or season, where a mistake in data entry might
suggest different accessions and/or seed lots);

e That dates were correctly and consistently formatted and that pro-
cessing steps were in the correct sequence (for example, a viability
test was not recorded as having been made before a seed lot was
harvested);

e That viability test results were in the range 0-100%;

e That records were not duplicated or missing data.

Examples of manipulations that were made:

Combining of data sets containing historical and current viability
and/or rearrangement of data, so that there was only one field for
each of viability result and date tested;

e Many genebanks did not record the date when seed lots were placed
into storage; ‘date banked’ was therefore estimated, as a few months
after the harvest year and/or season (most genebanks) or date pro-
cessed (IRRI) in order to estimate how long a seed lot had been stored
at the time of testing;

Creation of a new field that combined accession number and seed lot
to identify unique seed lots.

2.2. Analysis

We expected to use probit analysis to fit the Ellis-Roberts viability
equation, v = K;j — p/o (Ellis and Roberts, 1980), to the data for seed lots
that had been tested at least three times. This equation describes the
linear relationship between probit viability, v, as a function of the
duration of storage, p, under constant conditions (moisture content and
temperature), taking into account the binomial error distribution of
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germination data (Hay et al., 2014). Kj is the theoretical initial viability
in probits and ¢ is the period it takes for viability to fall by 1 probit. This
equation can thus be used to set appropriate monitoring intervals. The
assumption that the storage conditions are constant cannot be tested,
though given the age of some of the genebanks and location (i.e. in
countries where electricity supply cannot always be guaranteed), it is
perhaps likely that there were some variations in the storage tempera-
ture at least. Furthermore, not all of the genebanks store the seeds in
air-tight containers (e.g. ICRISAT), and thus it would not be surprising if
there was also some variation in the moisture content of the seeds during
storage. Even when seed lots are reportedly dried and processed iden-
tically and then stored in air-tight containers, their moisture content
may vary to some degree during storage (Hay et al., 2013; S. Timple and
F.R. Hay, unpublished data from the IRRI genebank), perhaps because
the conditions under which seed lots are packed or where containers are
opened for sampling are not effectively controlled. However, more
fundamentally, the aggregate dataset only had sequential data for a
small proportion of seed lots, the most comprehensive set being from
IRRI. Probit analysis was used for rice (Oryza glaberrima Steud. and
O. sativa L.) data from IRRI and for Phaseolus vulgaris L. data from CIAT,
for seed lots with at least four viability results. The effect of constraining
the estimate of ¢ to a common value for all the seed lots was also
evaluated through approximate F-tests (see e.g. Ellis et al., 2018, 2019).
Various other methods of data interrogation and presentation were
explored for the data from other genebanks. Specifically, to be able to
give a measure of the potential longevity of seeds for a particular crop/
species in genebank storage, we determined the longest estimated
storage period (based on the storage periods calculated as described
above) where a viability result of 95% or higher had been reported.

3. Results

The entire data set comprised 874,427 observations (viability test
results) of 822 different species (Tables 1-4). Some species are
conserved in more than one genebank. For example, the two cultivated
rice species (Oryza glaberrima and O. sativa) are conserved at both
AfricaRice and IRRI, and chickpea at both ICARDA and ICRISAT. The
earliest seed lots covered by the data were harvested in the late-1970s
(Table 1). The earliest monitoring tests covered by the data were
made in 1989 (ICRISAT), 1990 (ICARDA), 1991 (IRRI), 1996 (World
Agroforestry Centre), 1997 (CIAT), 2004 (IITA, not including two results
apparently from 1987) and 2014 (AfricaRice; date of initial test not
recorded). The estimated storage periods spanned up to 37 years
(Tables 1-4; Fig. 2), though for some crops (species)/genebanks it was
much less.

While most of the viability data was gathered through germination
tests, the noticeable exception to this was the forage collections at CIAT
(Tables 3 and 4), particularly those of Poaceae where the result of a
tetrazolium test (a seed embryo staining test to identify viable tissue;
ISTA, 2021) was the only available estimate of viability for almost half of
the seed lots (Table 4). The viability range covered by the data varied
depending on crop and genebank (Appendix Figs. A1-A4). For example,
while most of the data for Oryza glaberrima and O. sativa were above 85%
for the collections at both AfricaRice and IRRI (Appendix Fig. A1), the
germination data for the collections at IITA spanned the entire range,
0-100% (Appendix Fig. A2). Furthermore, in the case of the data from
IITA, a substantial proportion (45 and 54% for Vigna subterranea (L.)
Verdc. and V. unguiculata (L.) Walp., respectively) of germination results
was <85%. In contrast, the data for some of the collections covered a
narrower range. For example, there were very few observations below
50% for the Triticum aestivum data from ICARDA. It was not possible to
determine why there was an apparent cut-off in the viability results
recorded, not least since the ICARDA genebank has relocated since the
data were collected, but it cast doubt on the validity of using the data for
further analysis. Other anomalies in the data were also identified. For
example, there were 94 results of 83% germination in the first available



Table 1
Summary of the historical viability monitoring data for cultivated crops included in the analysis to assess seed longevity in medium- and long-term genebank storage (MTS and LTS, respectively).
Center and date Comments on data Crop Species Viability Storage Date Number Number of Number of Number of Maximum Maximum
data provided threshold environment (s) range of seeds observations accessions seed lots storage storage
covered tested with date and represented in  represented period period with
by data germination data in data (years) >95%
data viability
(years)
AfricaRice e MTS data comprises just Rice Oryza 85% MTS: seeds dried Seed lots 2 x 50 728 604 604 11.5 11.3
May 2016 one result for most glaberrima at 15%RH, 15 °C from
accessions. and then storedat 2004 to
e Some MTS seed lots with 2-4°C 2015
more than one result may LTS: seeds dried Seed lots 1753 1524 1529 345 34.5
be duplicated entries in at 15%RH, 15 °C from
some cases, but there are and then stored at 1981 to
also instances when more -20°C 1996
than one result (different % Oryza sativa 85% MTS: seeds dried Seed lots 2 x 50 1181 1133 1133 6.9 6.7
values) was recorded for at 15%RH, 15 °C from
tests made at the same and then storedat 2009 to
time. 2-4°C 2014
e LTS data includes initial LTS: seeds dried Seed lots 2790 2750 2787 33.5 33.5
and most recent at 15%RH, 15 °C from
germination result. and then storedat 1982 to
e LTS initial test data does —-20°C 1996
not have date of testing.
IRRI e Date seeds placed into Rice Oryza 85% MTS: seeds dried Seed lots 2 x 100 2501 797 798 24.6 24.6
October 2013 storage estimated from glaberrima at 15%RH, 15 °C from
(O. sativa data processing date. and then storedat 1984 to
described in Hay e More than one germination 2-4°C. 2003
et al., 2015) result available for many LTS: seeds dried Seed lots 2 x 50 1534 757 757 28.8 22.6
seed lots. at 15%RH, 15 °C from
and then storedat 1984 to
—-20°C(-10°C 2003
prior to 1993)
Oryza sativa 85% MTS: seeds dried Seed lots 2 x 100 254,654 69,232 71,855 31.9 30.0
at 15%RH, 15 °C from
and then storedat 1979 to
2-4°C. 2003
LTS: seeds dried 2 x 50 149,165 69,953 70,918 32,5 32.3
at 15%RH, 15 °C
and then stored at
—-20°C(-10°C
prior to 1993)
IITA e Only initial and most Bambara Vigna 80-85% MTS: seeds dried Seed lots 1x20 5330 1679 3388 27.6 27.2
May 2016 recent monitoring test groundnut subterranea at 17 °C, 14-15%  from
results stored in genebank RH and then 1987 to
inventory. stored at 5 °C 2015
o Initial germination result LTS: seeds dried Seed lots 4283 1515 2904 28.6 27.8
and/or initial test date not at 17 °C, 14-15% from
available for all seed lots. RH and then 1985 to
e Harvest date not available stored at —20 °C 2015
for all seed lots. Cowpea Vigna 80-85% MTS: seeds dried Seed lots 1x20 46,690 14,213 31,938 33.8 32.8
o Initial germination unguiculata at17 °C, 14-15%  from
expressed as a proportion; RH and then 1978 to
most recent germination stored at 5 °C 2017
expressed as %. LTS: seeds dried Seed lots 17,457 7579 8908 34.8 28.0
at 17 °C, 14-15% from

(continued on next page)
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Table 1 (continued)

Center and date Comments on data Crop Species Viability Storage Date Number Number of Number of Number of Maximum Maximum
data provided threshold environment (s) range of seeds observations accessions seed lots storage storage
covered tested with date and represented in  represented period period with
by data germination data in data (years) >95%
data viability
(years)
e Some harvest bulks were RH and then 1978 to
split into different stored at —20 °C 2011
containers and the same Maize Zea mays 80-85% MTS: seeds dried Seed lots 1x20 3976 770 2222 11.3 11.3
initial germination result at 17 °C, 14-15%  from
entered for the sub-lots; RH and then 2004 to
sub-lots monitored stroed at 5 °C 2015
independently. LTS: seeds dried Seed lots 2616 1256 1407 11.5 11.4
at 17 °C, 14-15% from
RH and then 2008 to
stroed at —20 °C 2016
ICRISAT e Only most recent Chickpea Cicer 85% MTS: seeds in Seed lots 50 22,312 20,173 20,173 35.3 35.3
November germination result stored arietinum non-air-tight from
2016-January in operational database; containers at 30% 1974 to
2017 historical data downloaded RH, 5 °C. 2015
from archive. LTS: seeds dried 22,918 17,319 17,319 25.1 25.1
o Initial test not routinely at 15% RH, 15 °C
made. and then stored at
e Some accessions or seed —20°C.
lots only in one Groundnut Arachis 80% MTS: seeds in Seed lots 2 x 25 19,197 14,743 14,743 33.3 33.3
environment. hypogaea non-air-tight from
e Only one or two results containers at 30% 1980 to
available for most seed lots RH, 5 °C. 2015
X storage environment. LTS: seeds dried 15,066 14,039 14,039 24.7 24.4
e Recent change: monitoring at 15% RH, 15 °C
intervals now varied and then stored at
depending on initial —20°C.
germination result. Pearl millet  Pennisetum 85% MTS: seeds in Seed lots 2 x 50 22,925 22,250 22,250 36.6 36.1
e MTS second result often the glaucum non-air-tight from
same or very similar to the containers at 30% 1973 to
first result, regardless of RH, 5 °C. 2015
the value of the first result. LTS: seeds dried 22,156 21,956 21,956 25.7 25.7
at 15% RH, 15 °C
and then stored at
—20°C.
Pigeon pea Cajanus 85% MTS: seeds in Seed lots 2 x 50 13,322 12,861 12,861 36.5 329
cajan non-air-tight from
containers at 30% 1975 to
RH, 5 °C. 2015
LTS: seeds dried 12,349 12,033 12,033 23.8 23.8
at 15% RH, 15 °C
and then stored at
—20°C.
Sorghum Sorghum 85% MTS: seeds in Seed lots 40,288 39,445 39,445 37.5 32.3
bicolor non-air-tight from
containers at 30% 1975 to
RH, 5 °C. 2015
LTS: seeds dried 38,798 38,242 38,242 25.4 25.4

at 15% RH, 15 °C
and then stored at
—20 °C.

(continued on next page)
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Table 1 (continued)

Center and date Comments on data Crop Species Viability Storage Date Number Number of Number of Number of Maximum Maximum
data provided threshold environment (s) range of seeds observations accessions seed lots storage storage
covered tested with date and represented in  represented period period with
by data germination data in data (years) >95%
data viability
(years)
ICARDA e Separate database for each Chickpea Cicer 85% MTS: seeds dried Seed lots 2 x 50 12,832 11,223 12,799 20.4 16.3
April 2016 crop. arietinum at15% RH, 15°C  from
e No initial testing for and then storedat 1986 to
harvest years covered by 2°C. 2010
data set. Wheat Triticum 85% MTS: seeds dried Seed lots 2 x 50 15,110 13,138 14,876 32.0 27.4
e Most seed lots have only aestivum at15% RH, 15°C  from
one result. subsp. and then stored at 1974 to
e Apparent censoring of data aestivum 2°C. 2011
showing <50% viability
Triticum 85% MTS: seeds dried Seed lots 2 x 50 17,098 15,538 16,993 31.3 31.3
turgidum at15% RH, 15°C  from
subsp. and then storedat 1973 to
durum 2°C. 2010
CIAT o Seed lots only stored in Bean Phaseolus 85% LTS: three drying Seed lots 1 x50(2 59,640 25,987 32,272 27.2 27.2
September 2017, long-term conditions. vulgaris steps comprising from x 50 in
January 2019 1.20 °C/35% RH 1979 to 1990s)
for 3-4 days; 2017

2.20 °C/20% RH
1 week;

3.15-20 °C/10%
RH 3-4 weeks.
Seeds vacuum
packed and stored
at —18 °C.

NA = not available.
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Table 2
Summary of viability monitoring data provided by the World Agroforestry genebank in May 2019. Seed lots were harvested between 1980 and 2017, although some of the oldest collections were donated and exact
processing and storage conditions were not recorded. Subsequently seeds were dried at 15% RH and 15 °C and then stored hermetically in aluminium foil bags at 5 °C. Germination protocols and number of seeds tested are

specific to each species.

Family Genus Number of ~ Number of Number of Number of seed Proportion of Maximum Maximum storage Maximum storage Maximum
speciesf observations accessions lots represented in seed lots only estimated storage period with >95% period with >50% reported
represented in data data tested once period (years) viability (years) { viability (years) f germination (%)
Anacardiaceae Sclerocarya Hochst. 1 2 1 1 0 2.2 NA NA 26
Annonaceae Annona L. 1 1 1 1 100 4.0 NA NA 0
Asclepiadaceae  Calotropis R. Br. 1 43 43 43 100 1.1 NA NA 44
Asteraceae Tithonia Desf. ex Juss. 1 5 3 3 33.3 17.0 NA NA 7
Betulaceae Alnus Mill. 1 1 1 1 100 6.5 NA NA 10
Bignoniaceae Markhamia Seem. ex 1 2 2 2 100 9.5 NA NA 20
Baill.
Bombacaceae Adansonia L. 1 171 129 129 74.4 12.0 0 6.6 100
Boraginaceae Cordia L. 1 2 1 1 0 3.1 NA 2.4 57
Casuarinaceae Casuarina L. 1 3 2 2 50 11.4 NA NA 5
Cupressaceae Juniperus L. 1 1 1 1 100 10.6 NA NA 0
Euphorbiaceae Bridelia Willd. 1 1 1 1 100 10.5 NA NA 0
Croton L. 1 2 2 2 100 11.4 NA NA 10
Jatropha L. 1 2 1 1 0 6.2 NA NA 26
Fabaceae Acacia Mill. 17 447 270 270 61.1 22.3 10.7 22.3 100
Acrocarpus Wight ex 1 1 1 1 100 4.1 NA NA 8
Arn.
Afzelia Sm. 1 3 1 1 0 3.2 NA NA 45
Albizia Benth. 10 88 51 51 39.2 11.8 NA 11.8 90
Cajanus Adans. 1 1 1 1 100 9.0 NA NA 0
Calliandra Benth. 2 138 98 98 73.5 14.4 NA 12.1 93
Crotalaria L. 4 8 5 5 20 12.2 NA 11.0 50
Cytisus Desf. 1 25 19 19 68.4 2.2 NA 2.2 52
Dalbergia L. f. 1 1 1 1 100 6.6 NA 6.6 78
Delonix Raf. 1 9 8 8 87.5 7.1 5.1 7.1 95
Enterolobium Mart. 1 3 3 3 100 18.2 NA NA 35
Erythrophleum Afzel. ex 1 4 3 3 33.3 9.1 NA NA 22
R. Br.
Faidherbia A. Chev. 1 188 150 150 82.7 16.8 13.4 16.8 100
Gliricidia Kunth 2 40 23 23 78.3 9.1 NA 5.2 94
Hardwickia Roxb. 1 1 1 1 100 8.9 NA NA 0
Hesperalbizia Barneby 1 2 1 1 0 13.1 NA 13.1 60
& J. W. Grimes
Hybosema Harms 1 2 1 1 0 2.6 NA NA 45
Leucaena Benth. 20 501 389 389 77.4 14.9 14.9 14.9 100
Macroptilium (Benth.) 1 1 1 1 100 9.0 NA NA 9
Urb.
Millettia Wight & Arn. 2 14 13 13 92.3 15.0 NA NA 0
Mimosa L. 1 1 1 1 100 0 NA NA 4
Mucuna Adans. 1 2 1 1 0 9.9 NA NA 5
Parkinsonia L. 1 1 1 1 100 4.2 NA NA 7
Pericopsis Thwaites 1 1 1 1 100 9.0 NA NA 0
Philenoptera Hochst. ex 1 1 1 1 100 15.1 NA NA 0
A. Rich.
Prosopis L. 3 7 6 6 83.3 10.2 NA NA 18
Senna Mill. 2 9 4 4 0 9.0 NA 1.9 82
Sesbania Adans. 3 85 55 55 60 18.1 17.7 17.7 100
Tamarindus L. 1 3 3 3 100 9.0 1.8 7.9 100
Tephrosia Pers. 2 29 4 4 0 11.1 3.6 8.6 98
Tetrapleura Benth. 1 2 2 2 100 15.0 NA NA 1
Flacourtiaceae 1 1 1 1 100 3.2 NA NA 22

(continued on next page)
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Table 2 (continued)

Family Genus Number of ~ Number of Number of Number of seed Proportion of Maximum Maximum storage Maximum storage Maximum
speciesf observations accessions lots represented in  seed lots only estimated storage period with >95% period with >50% reported
represented in data  data tested 