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PREFACE

The International Board for Plant Genetic Resources
includes in its terms of reference '"the determination of
minimum standards for conservation and regeneration of
stocks of both sesds and vegetative material', FAO, through
its Panel of Experts on Plant Exploration and Introduction,
had made recommendations in 1975 on the standards and pro-
oedures to be adopted in storing seeds for long-term and
medium-term conservation,

In order to further this work, the IBPGR established
a Working Group to investigate the engineering, design and
constructional aspects of economical seed storage facilities,

The Working Group, the composition of which is shown in
Appendix I, met at FAO, Rome, 18-20 August 1976 and this
report represents the findings of the (roup. It will be
appreoiated that the report relates mainly to long-term con-
servation facilities, but many of the recommendations, e.g.
on seed drying, germination testing and other technical
aspeots, are applicable to medium-term storage of seeds.




Types of seed to be stored

l. Seeds oan be divided into two major groups acocording to their viability charecteristiocs:

The first group, to which most areble arops belong, is desoribed

. a8 'orthodox', In this group the period of viability is increased
logarithmiocally by deoreasing the temperature and moisture oontent
of the seeds and, in species where the appropriate constants have
been dstermined, it is possible to malos rough prediotions of the
period of storage for viability to fall to a given level under any
storage environment. However, even within this 'orthodox' group
there is oonsiderable variation betwesn species in the length of
the storage period which can be achieved under any given set of
oonditions, varying from comparatively long periods for many of
the major ocereals, through intermediate periods for some of the
grein legumes, to relatively shert periods for some gresses and
several vegetable species (e.g., onion and parsnip). In some
speocies (e,g., lettuos) it is known that there may be oonsidersable
genotypio variation in seed longevity between oultivars,

The meocond group comprises species which are desoribed as
'recaloitrant' sinoe seeds of these species do not obey the
gonsral rules whioh apply to the majority of speocies which oom-
prise the 'orthodox' group., In partioular, using present
technology, they cannot be dried without damage and, under
ambient oconditions, have relatively short viability periods,
Many of the large-seeded tree species are included in this group
(8., oitrus, ooffee, oocos, oil palm).

2, It is impossible to give any general recommendation for the storage of recaloitrant
speoies at this time. Oonsequently all the recommendations in this report refer to crthodox
geeds, A list based on the IBPGR priorities, whioh indioates whether a speocies is orthodox,
recaloitrant, or whether.we do not have sufficient inforwmation for olassifiocation at the
present time, is shown in Appendix II, This list should not be oonsidered as definitive
and it may need to be revised as further information beoomes available.

Oonditions of ltong

3. The Working Group acospted as a general recommendation, the' proposed Preferred Standards
for long-term seed storege inrtallations as imoluded in Appendix IV (revised July 1975) of
the Report of the Sixth Sessiun of the PAO Pamel of Experts on Plant Exploration and Intro-
duction. Thess preferred staniards specify storege et -~18°C, or less, in air-tight oontainers
at a seed moisture content (wet weight basis) of 5tif,

4. The arguments for speoifying really good storege oconditions such as those in paragraph 3
are threefold:

(1) loss of viability in store is associated with a oonsidersble amount of gonetio
changs and thus regeneration (growing s sample of ihe seed stoak to provide a fresh
sample of seed for mnp) should be instituted as soon as viability has begun to
fall significently, i.e., as soon as viability has fallen by 5~10%;

.(2) the costs of regensration are high, and the difficulties and dangers are oon-
siderable, moreover, loss c¢f purity ¢aa oosur through mechamioal mixing and oross-
pollination, and in genetically heterogemeous ssmples, selection oan coocur depend~
ing on the environmental conditicns in which the regeneretion is cerried out; and
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(3) +the oapital and running oosts of providing really good oonditions are not muoch
greator than for providing storege oonditions of inferior quality.

S5« In oertain specifio instances, howsver, the Working Group suggested that it would be
possible to relax the temperature standard +- -10°C, This temperature would be acceptable
in cases whare the responsibility of a seed bank was resirioted to a single species or 2
few species where the intrinsic viability is high and where the viability charecteristior
are well-kmown, e.g., in the ocommon oultivated oereals suoch as wheat and rioe., Howaver,
when a seed bank Las responsibility for a wide rangs of species, or when it is known that
some of the species have poor viability oharacteristios (e.g., some gresses, vegetables
and grain legumes) then it would be advisable to insist on the preferred storage oonditions

as speoified in paragraph 3,
Sead and the oontrol of moisture ocontent

6. Aoocessions of seeds need to be dried to approximately 5%. This is a oonsiderably lower
moisture oontent than is used in oommeroial praoctios and, as a consequenoe, there is no
standard oommeroially-produced squipment suitable for drying small batohes of seed to this
level. Seed drying is a technology whioh requires further study and development but, in the
meantime, there are various alternative safe practioes whioh can be used by seed banks.

T+ Seed drying metho !s depend eassentially on bringing air of very low relative humidity
into oontact with the seeds. The relative humidity of the air is oommonly reduoced by rais-
ing its temperature, However, when the initial seed moisture oontent is high (above 18%),
in most speoies it is not safe to raise the air temperature in foroed~ventilation driers
above 40°C, Sinoe the extent to which relative humidity oan be reduoed by heating to 40°C
is limited, a single-stage drying teohnique based on heating the air to 40°C ocannot be used
in most olimates for drying seeds down to Sh. However, a hot-air drier running at 40°C ocan
be used as the first stage in a number of two-stage methods., If the seed is pre-dried to
114 or less during the first stage, then a seoond stage drying temperature of 60°C is safe
for most species, Using such a technique, it would be possible to dry seeds to approximately
5% in virtually any olimate. This technique is used for example, by the National Seed
S.orage Laboratory at Hireatsuka in Japan.

8. A number of other itechniques oould either be used as an alternative seoond stage to the
one desoribed above, or as the sole method of drying, These inolude foroed-air drying
techniques based on lithium chloride (as used by the Genebank in Braunsohweig-Vlkenrode,
FRG) or plaocing seed to equilibrete in a ocabinet in which the relative humidity is ocontrolled
at 156 or less by any other technique., The Seed Bank at the Royal Botanio Gardens, Kew,
U.K., is developing a promising small-batch drier based on the water-removing properties of
moleoular sieves, ‘

9. Whichever system is adopted, a newly established seed bank will need to satisfy itself
that the technique and proocedures are reliable and safe, by oarrying out initial trials,

10, After the meed has been dried the moisture oontent can be maintained during storage by
using hermetio oontainers, The alternative to hermetioc storage would be to usc 'open' ocone=
tainers and oontrol the relative humidity of the atmosphere in the cold room. However, in
order to achieve a satisfaotory low relative humidity for this purpose (i.e., approximately
19% R.H,) it would be necessary to install specialised dehumidifioation equipment (e.g.,
systems depending on the dehydrating properties of lithium ehloride). Opereting such a
system at sub-zero temperatures presents some teohnioal diffioulties and because of these
it may not be entirely reliadle, Murthemmore, its ocost may be of the same order as the
refrigeration plant. It ahould also be pointed out that hermetioc storege (in ocontrest to
'open' storege) would prevent any rise in moisture ocontent whioh could oocour rapidly in
open storage if there should be a power failure., Aococordingly, onoe the seed has been dried,
it is strongly recommended that the moisture oontent is oontrolled by hermetioc storage as
reocommended by the FAO Panel of Experts on Plant Exploration and Introduotion,
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11, Three types of oontainer are oonsidered suitable for liermetio storage: glass jars or
vials; metal oans; and laminated foil packets,

12, The seals on sorew-cap jars are not always perfeot. Consequently, it is recommended
that if they are used, indiocator silioca gel, or silios gel with ocobalt ohloride ‘ndicator
paper, should be inoluded so that if a leak should ooour, this oan be detected., GClass vials
whioh are sealed by annsaling the glass are relatively safe, but inoconvenient,

13, Sealed cans are safe and relatively conveaien:. They can easily be resealed after
withdrewing & sample. Vaouum sealed cans have the advantage that faulty oans oan be de-
teotod with the use of a tuning rod, tut sinoe oan failure is rare, and sinos minor im-
provements in longevity (resulting from removal of oxygen) would probably be minimal, it
does not seem neocessary to recommend vacuum onnning as a standard prooedure; neither does
it seem neocessary to recommer | sealing in nitrogen or cther inert gas. Sealing in air at
atmospheric pressure would be satisfactory.

14, Laminated foil packets are oconvenient and have already been adopted by at least one
seed bank, However, they cannot be recommended for general use at ithe present time without
further precautions being taken., A seed bank wishing to adopt them immediately can guard
against possible failure either (a) by enolosing foil packets in an additional sealed oon-
tainer (e.g., a glass jar) or (b) by ocontrolling the relative humidity of the store at
about 40% R.H.,, using oonventional refrigeration techniques, and this would ensure that
the moisture oontent of ihe needs would not rise above 8—10% should there be a packet fail-
ure, Providing the packets ars obtained m & reliable manufacturer and have a robust
specifioation fe.g., outer layer 16,76 g/w° Nelinex (syn. Terylene), middle layer 33 g/m®
aluminium foil, inner layer 46 g/xn2 polythens) and providing the sealing technique is ade-
quate, further experience may well show that these additional precautions are unnecessary.
Such nackeis oould be obtained in bulk at a ocost of about $110 per 1000 packeis.

Routine moisture determinations and germination tests

15, The prooedural methods for dealing with acoessions will affeot acoession size and thus
the size and oost of oold stores.

.3. When an acoession is received by a seed bank, it may be neoessary for it to be oleaned
and dried, and it will oertainly be nscessary for its moisture oontent to be determined and
its peroentage viability assessed,

17. Sinoe different moisture determination techniques give different results, it is reoom-
mended that the methods prescribed by the International Seed Testing Assooiation (ISTA) be
adopted (International Rales for Seed Testing, 1976; Seed Soience & Technology, Vol. 4,

No. 1); although it is recognised tha! when seed is limited, as it often will be, it may
be neocescary to reduocs the quantity of seed which is used for the determination below that
which is offiocially recommended.

18, The initial germination test on accessions should also be ocarried out using the pro-
osdures for selecting and testing presoribed by the IFPA, This involves the use of 4 x 100
seeds, In order to oconserve seed, it is suggested that mubsequent tests during storage be
oarried out on 2 x 100 seads. If such a test indiostes a drop in viability of 5%, then it
should be repeated immediately on a further 2 x 100 seeds, £ the oombined results oon-
firm that a signifioant drop in viability has ooomrred (whioh oan be checked by oonsulting
the oompatability table published in the ISTA Mmles, 1976), then it ia recommended that the
seod bank arrange to regsnerate a mib-sample of the ageession., It is suggested that the
regensration proocedure is instigated as soen as there is a significant drop in viability

. becsuse of the high level of genetio mutation whioh agcoumulates in the surviving seeds as
viability deolines.

19. In many orop species an initial viability of 80% or more is normally expeoted, and if
on receipt it is less than this, arrangements should be made at onoe to regensrete a sample
of the acocession., However, in some spscies the initial viability is typically less than 8o%.
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In such cases, it is suggested that immediate regeneration would only be necessary if the
initial viability test indiocates a viability which is less than about 85% of the expected
initial value,

20, Using the storage oconditions recommended here, the rates of decline in viability for
most species are likely to be extremely slow; indeed no significant drop in viability
would be anticipated in good qualitiy seeds of some of the major orop species for a oentury
or more. Consequently, it will not be neocessary to ocarry out routine tests to monitor
viability more frequently than every 10 years. However, when a new seed bank is estab-
lished, it is recommended that an additional routine germination and moisture determina~
tion test is carried out on a representative sample of the acocession during the firat 3-5
years in order to check that the system is operating satisfaotorily.

The size of acoessions and the volume of the ocold room

21, The size of the oold room will be influenoced by the number of aocoessions, the number
of seeds in each acoession, and the size of the seeds,

22, The ideal number of seeds for an acoession in a baso* collection will depend mainly
on the number and size of sub-samples which will need to be withdrawn for routine testing
and for tranafer to active™ oolleotions. The size of sub-cample for routine germination
testing has already been disoussed. The size of sub-sample for transfer to aotive 0ollec-
tions will depend mainly on the need to represent adequately the genetio variability oon-
tained within the acoession. In the case of genetically homogensous material (00,
established varieties of self-pollinating orops, or F1 hybridu) it is olear that the sub=
sample size necessary for routine germination testing will also be ample for transfer to
active oollections. It ie muoh more difficult to make logical proposals about sub-sample
8izes for transfer to active collections whioh adequately represent the variability of
genetiocally heterogeneous acoessions, sinoe the problem has not been sufficiently studied
and involves oomplex oonsiderations of population genetics and eoology. Nevertheless, in
order to arrive at some rational estimate of the ideal acoession size, it is provisionally
recommended that the size of each acoession in main base collections should, if possible,
not be less than about 4,000 seeds for genetiocally uniform material and 12,000 seeds for
heterogeneous material., In duplicate oollections at other oentres, these numbers oould

be reduoed to 1,000 and 3,000 seeds respectively,

23, For most hard seeds, the volume in om3 can be estimated by multiplying the 1000-grain
weight in grams by a factor of 1.3 - 1.5. Seeds with appendages, such as grass seeds,
oooupy a greater volume in relation to their weight. In order to make some rough estimates
of the overall capaocity required by seed banks in general, we have taken 12,000 seeds of
one of the oommon oereals such as rioe, wheat or barley as being typiocal of seeds in the
medium-size range. In wheat this number of seeds would weigh just over 500g and oooupy
about two-thirds of a litre. Thus a oontainer of 1 litre capaoity should be ample, It
has further been assumed that the oontainer might be oylindrical and would ocoupy shelf
space equivalent to a square primm of 1,300 om’, It is thought that this allowanos would
also be suffiocient to estimate storage ocapacity for a system in which an acoession is
packaged in sub-samples of 200-400 seeds whioch are kept in a rectangular oontainer.

base oollections: for long-term oonservation and not for gemeral distribution
active oollections: for medium-term storage, regeneration, evaluation, distribution, eto.
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24. Caloulations show that the use of mobile shelving (compactor systems) as used, for
example, in libraries, in place of more oonventional statio shelving, would double the
number of samples which a store of a given volume oould contain, In view of this, and
taking into acoount the faot that mobile shelving eosts about one=third of the oost of
the oold storage room into which it fits, it is evident that for a given number of samples
it is more eoonomiocal to use a smaller oold store equipped with mobile shelving rether
than to use a store of twioe the volume and furnished with statioc shelving, The oost of
the larger store with the statio shelving would be about 50% greater per sample than the
smaller store with mobile shelving — even if it is assumed that statio shelving oan be
produced looally at negligible cost. If some allowanoe is made for the oost of statio
shelving, then tne eoconomio advantage of mobile shelving is even greater. Accordingly,
it is recommended that mobile shelving be used, ' .

25. When using mobile shelving oomplete acocess to all materiz. oan be provided by allow-
ing for two passagewsys (80-100 om wide) ut right-angles to each other., In addition, in
order to allow suffioient air oiroulation between the inner surfaces of the cold room and
its oontents, so as to prevent unacoeptable temperature gradients, it is reoommended that
there should be a minimum gap of 20 om betwesn the shelves and the walls and beneath the
lowost shelf and the floor. It would also be oonvenient to leave a gap of at least 50 om
above the shelves to allow for lighting and duoting, With these assumptions, and making
reasonable allowanoes for the spaoce ocoupied by the shelves themselves, and for some
measure of ineffiocienoy in paoking, estimates have been made of the number of aococessions
whioh oould be held in oold rooms of various volumes (see table on following page). From
these it seems that the individual foreseeable requirements of many seed banks oould be
acoommodated within the range of 85-200 m°, However, becauss of soonomies of soale and
beoauge oertain seed banks uay need to store more or larger acoessions, estimates up to
282 m’ (about 91,000 samples) have been inocluded in this report.

26, As a prooedure for estimating the oold storage space required when a seed bank is
being esiablished, it ims suggested that an attempt is made to assess the probadle number
of acoussions which are anticipated over the next ten years, and base the oapacity re-
quired on this estimate. It is more eoonomical to oomstruot a single oold storage room
of this oapaoity than to provide the equivalent space in several mmaller oold storege
rooms. But in order to oope with possible inoreases in capaoity whioch may be required in
the more distant future, it would be advisable to design the lay-out of the first oold
storage room and its assooiated faocilities so that a seoond oold storage room oould be
added in the future without diffioulty, should it be required,

Seleotion of site

27. There are a mumber of important faotors to dbe ognliderod in the selection of a site
for a long-term storage faoility., Most of these are obvious, but it may be prudent to
state some of the major faoctors:

(1) Socially stable area within reach of ssourity personnel;

(2) Reliability of mains electricity supply and voltage stability;

(3) Suitability of substratum for foundations, adequate drainage, and absenoce of
flooding;

(4) situation away from dangercus chemical or fusl storege areas; and
(5) Easy acoess to the area where seeds of active aolleoticna are threshed, dried

and oleansd; although these prooesses whioh produce heat and dust should not
be in the same building.



''ABLE OF ROUGH ESTIMATES OF STORAGE FACILITIES OF VAROUS CAPACITIFI
(Costs in US§)

Number of acoessions Volume of cold Area of cold Area of ancillary Total araa

(1000 cm> each, i.e., | room required room facilities of cald
> 0.5 kg.i (using mobile sto
shelving) anciiiary

facilitivsg

22,800 85 u.°'3 34 2 212 246 >
(3000 £t°)

31,900 113 m33 45 m° 214 2 259 2
(4000 £t°)

56,200 183 m33 73 m? 2200ns 293 m°
(6500 £t~)

91,200 282 m> 113 o 228 m? YL o

(10,000 ££3) |




Cost of Coat of Costs of Cost of Total Cost of Total
oold room mobile buildings laboratory oost oold room oost per
inocluding shelving & servioes equipment and shelving |acocession
safety + 33% inoluding & furniture per acoession
devices & freight architect's | inoluding
standby fees for 33% freight
generator ocold room &
+ 33% anoillary
freight facilities
(assuming ,
8150-6007:5')
$ $ $ $ $ $ s$
26,700 6,650 36,900 - 48,500 - 12,765= 1,20 4.95 -
' ' 147,600 69,800 | 244,765 10,74
27,500 8,2 38,850 - 48,500 - 123,100- 1,12 3.86 -
s 150 155,400 69,800 260,950 8.18
38,000 11,000 43,950 - 48,500 - 141,450~ 0.87 2,52 =
* ' 175,800 69.800 294,600 5.24
51 400' 21,150 51,150 - 48,500 - 172,200~ 0.80 1.89 -
' ' 204,600 69,800 | 346,950 3.80




Seed bank oonstruction

28. As envisaged, a seed bank will oonsist of a main building oontaining a standard oold
room and another partitioned space for amoillary facilities, The oconstruotion of the outer
protection shell will be diotated by the local olimatic oonditions, building regulations
and the availability of materials. However, when only small ocolleotions .re to be atored,
other methods are suitable (Appendix III),

Design of the oold storage room

29. It has already been pointed out that there need be no special provision to oontrol
relative humidity in the oold store, providing aocoessions are stored within sealed oon-
tainera, Nevertheleus, in order to prevent ioing of the evaporator, and to maintain the
integrity of the insulation, it is essential that ingress of moisture into the store is
minimised, Furthermore, in order to prevent rusting of any ferrous materials, the rela~
tive humidity should not exceed 70%. Consequently, the insulating materials should be
adequately sealed againrt moisture ingress, and in this respeot prefabricated panel oon-
struoction is oonsidered preferable to, safer than, and in most oiroumstances cheaper than
loocally built structures, In addition, an air-lock ahould be provided at the entranoce to
the oold room., With effioient management it should not be neocessary to oontrol the tempera-
ture or humidity of the air-lock Binoe the store would only be entered a few times each .
week, at most, If it were envisaged that the store would be entered much more frequently
than this, then in humid tropinal olimates it would be essential to oontrol the relative
humidity of the air-lock at about 30%. This could be oonveniently achieved with a lithium
chloride humidity control devioe or some other appropriate system. But it would be pre-
ferable to ensure limited frequenoy of entry through effioient management,

30. If these precautions were taken, relative humidity in the store would automatiocally
be controlled below 70% and, using conventional oompressor refrigeration teohniques,
possibly as low as 40%. As mentioned earlier in this report, it would only be necessary
to consider specifioally oontrolling relative humidity at a value as low as 40% if there
were some doubt about the reliability of the sealed eontainers, If it were deoided to do
this, then the R.H., oould be oontrolled at a guaranteed value of 40% or less by using a
small seoondary refrigeration plant in which the refrigerant was evaporated at a lower
temperature than the main refrigeration plant.

Insulation

31, The thickness of insulation for -10°C to -20°C should be 100-130 mm (4-5 inches) with
a thermal oondmotivity of about 0,017 W/m deg. C; such insulation should meet the eoonomi=
oal running requirements of toth temperate and tropical countries. A reliable type of
insulation should be used so that it retains its thermal properties, resists the attaock

of pests and vermin, and oontains a fire retardent.

32. Doors should be heated to prevent ioing, and seals should remain effective without
shrinking or warping. Floors should either be ventilatud or heated to prevent frost heave,

All eleotrical wiring and fittings should be acocessible and designed for low temperature
operation,

Rofriggmt ion plant

33+ In view of its well-tried reliability, availability, and eass of maintenance, it is
recommended that conventional direct or indireot vapour-ocompression refrigersation should
be uced. Such systems oan be obtained as package units, factory tested systems for -
operation under tropioal oonditions,

34. The refrigerant used should be one that is ocommon and readily available in order to
faocilitate recharging should there be a leakage.
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35. Standard oommercial refrigeration units and direct expansion, foroed ventilation
room coolers are reoommended. Air-cooled condensers should be used rather than water-
oooled oondensers, 8inoe if water—-ocooled oondensers should be used fnilure of the refri-
geration plant oould ocour through failure of the water supply or because of impurities
in the water.

36. It is reocommended that a oold store should be provided with two ssparate refrigeration
units oapable of maintaining the desired storage tempereture while operating for 18h daily
under extreme temperature nonditions. Because the maximum eleotriocity load is govermed by
the large starting current of the oompressor motor(s) the unite should be switched on
sequentially using ourrent limiting starting techniques. In addition an automatio standby
generator should be installed to provide suffiocient power for at least one refrigeration
unit and other essential servioes should there be a failure in the mains supply.

37. A three-phase alternating ourrent power supply will be required., The estimated total
connected load would be 20-45 kVA for the storse sizes oonsidered in this report.

Air oirculation

38, If it is assumed that ciroculation spaoces are left within the store as indiocated in
paragraph 25, then recirculation of air in the oold room to prevent unacosptable tempera-
ture gradients will be achieved using fans and duoting as oonventionally employed in oold
stores. The chilled air recirculation rete should be between 5-10 changes per hour., MNore
sophistiocated air-oiroulation systems should not be neocessary, sinoe a variation of 2%
within the storage space would be quiie acoceptable,

Safety precautions

39, In addition to providing two refrigeration systems and a standby generator, it is
reocommended that four devices should be inoorporated in order to ensure that the tempera~
{ture of the oold store operating at ~16°C is maintained at the desired temperature, These
are:

(1) a oontinuous temperature recording devioe;

(2) a temperature-sensitive switoh whioh triggers an audible and
: visual alarm should the tempereture rise or fall by more than )
5°C from the oontrol temperature;

(3) a temperature-sensitive switch which outs off the fans and
oompressors should the temperature rise or fall by more than
10°C from the ocontrol temperature; and

(4) a wax ocartridge whioh switches off the fans and ocompressors
should the temperature rise to 40°C,

In all oases the temperature-sensitive elements should be sited in the upper regions of
the store, Together these safety devioes should not oost more than $3,000. In the ocase
of the large stores, it is also reoommended that a smoke deteotor be inoluded in the air
oiroulation system.

40, In areas where earth tremors are probable, the store should be constructed on a raft
or some other devioe which minimises the possibility of damage; and in such areas nothing
should be oonstruoted above the cold storage room,

41, These precautions should be entirely adequate sinoe if, in spite of them, there should
be a failure in the refrigeration plant, the thermal time oonstant (ie0s, the time taken
for the temperature to rise through 67% of the range from the operating temperature to
ambient) is likely to be 4~5 days in the larger stores, Furthermore, change in temperature
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per se does not affect sced viability: the viability period is a funotion of the integre~
tior of temperature with time. Thus, for example, if there were a oomplete failure so
thrat the Vemperatuie rose to ambient for two vieoks, this would not be more serious than
an initial delay of two weeks in putting the dried seeds into store on arrival,

42, In order to ensure the safety of people using the store, it is essential that the door
is designed so that it oan be opened from the inside. An indicator light should be placed
on the outside of the store in a promineni position whioch is in parallel with the internal
lighting oirouit of the store. It is also recommended that a notioe is placed on the door
which indicates that nobody should enter the store without telling some other responsible
person,

Design standards

43, It is recommended that specifioations for tender be based on the standards of the
Ameriocan Society of Healing and Refrigeration Tugineers (LSKRE) sinoe these are oonsidered
the most helpful and are universally acocepted.

Cost of prefabriocated oold rooms

44. Prefabrioated oold rooms whioh meet these spevifioations, inolndin standby gensrators,
should be obtainable at the following approximate oosts, free on board FOB), a Buropsan
port:

Uss
85 m3 (3,000 ££3) - 18,000
U3 my (4,000 ££3) - 18,500
282 m”° (10,000 f£t°) - 36,400

Freight and inwuranoes will, of oourse, vary with destination, but together are likely to
be of the order of 33% of the FOB oost.

é’.zoillag rooms and ogu_ige_._lt required for the speration of lonﬁ-tem geed stores

45. In addition to stering the seeds, there are a muaber of activities whioh need to be
carried out in order to operate long-term storage faoilities: the seeds nsed to be oleaned,
dried, packaged, tested for viability, purity and moisture content; and records need to be
kept. In some instiiutes where seed banks are being established there may well be exist-
ing laboratories, offices and equipment which oould be used -or modified for these purposes,
but in others, 21l the appropriate faoilities may have to be newly provided,

46. Irrespective of the size of the storage faoility the same operations will need to be
carried out at each seed bank, and thus the requirewents are likely 1o be relatively inde-
pendent of the size of the seed store. The following reoommendations for minimum apaoce
requirements are based on this assumption, although it is realised that for a mmall estab-
lishment it may be possible to reduce these allooations without drastiocally affecting the
officiency of the organisation.

Machinery room (refrigerstion plant 20% of area of oold sto

for oold store (but not less than 10 m¢)
Seed drying room 15 n?
Seed oleaning room 30 m?
Seed testing laboratory 40 n®
Otf:l.ou':nd records room 40 n2
Store rooms 40 n2
Toilets and servios room 20 n?

Total (exoluding machinery room) 185 =’
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47. The ocost of providing a building to house ths prefabriocated cold storage room and
these ancillary facilities is diffioult to estimate, sinoe ocosts will vary very widely
aocoording to location, and may vary between about $150 and $600/mn° (including servioes

and architects' fees), These assumptions have been inocorporated into the table on pages 6-7
in an attempt to set the upper and lower limits of the ocapital ocosts of providing a oom-
plete long-term storage facility.

Equipment required for ancillaxry rooms

48, In order to provide the essential services for a long-term seed store, the following
equipment needs to be provided:

(a) Cleaning and drying

The number and types of cleaning equipment required will depend on the species
which are being handled., In the case of a seed bank dealing with major oereals,
for exzample, only one or two oleaning machines would bes required, and these
would together ocost $3,000-84,000. However, in the case of a seed bank whioch
has a responsibility for a number of different speocies, e.g., beet, clover

and grasses, then a variety of more oomplex michinery would be neceasary, and
the ocost ooculd rise to :tout $15,000. Seed drying equ:pment is likely to oost
about $2,000.

(b) Germination testing and moisture determinations

The following is a list of the minimum amount of equipmenti required:

Uss
Centrifugal divider 600
Small hand tools 1,000
3 inoubators (refrigerated) at $1,500 each 4,500
Domestioc refrigerator 300
Forced draught oven 600
Precision balance (weighing to 0.001g) 1,000
Coarse balance (weighing to 0.1g) 300
Seed grinder 500
Total 8,800
In addition, in oertain ocircumstanoes, the following equipment may also be
required:
Us$
Blower (for preparing grass seeds
for germination tests) 1,000
Copenkagen tank (for testing light-
sensitive seeds) 1,000

2,000
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(o) Packaging equipment

Irrespective of whether laminated foil packeis are used for storage, suoh
packaging would in any oase be very oonvenienut for distributing samples;
and sealing equipment for laminated foil paokets would oost about $700.
Canning equipment, if oans were used for storage, would cogi about $1,300,

(d) Furniture

uss
laboratory 15,000
Office 10,000
Total 25,000

Freight and insurance charges: For developing countries, it would be necessary to inorease
these oosts by up to 50%. BDut sinoe it is known that the figure would be lower in some
areas, and sinoe it may be possible to obtain some items (e+gs, furniture) locally, 33% has
been added to the estimates for equipment shown in the table on pages £-7.

The total oost of facilities for long-term seed storage

49. The table outlines the costs of cold stores of various sizes and their associated
laboratories, offioes and equipment. In some oases, suitable buildings, laboratories and
offices may already be available and, for such situations, the penultimate oolumn shows
the cost per sample of providing oold storage and shelving; this varies from $0.80 to
$1,20 per sample acoording to the size of the ocold storage room, However, in many cases,
it will also be neocessary to build and furnish assooiated laboratories and offices.
Acoordingly, the final oolumn shows the total capital ocost per sample of providing a com=
plete long-torm storage faoility., This final column shows more than a two-fold range of
oosts per sample for each size of oold store room oonsidered. This two-fold variation re-
sults mainly from a four-fold variation in building oosts whioch have been allowed for in
order to cover the range likely to be met amongst different countries, Thus, the provis-
ion of a complete long-term storage facility may vary from about 31.%0 to $10.75 per sample
according to tha size of the faoility and its location,
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SUMMARY OF MAIN RECOMMENDATIONS AND OONCLUSIONS

The recommendations apply to the storage of orthodox seeds (paras 1, 2).

Aoquisitions should be stored in sealed containers at about 5% moisture oontent in a
00ld room held at =20°C, The tempersture oculd be relaxed to -10°C in special cases

(paras 3, 4, 5).

Suitable alternative sealed oontainers, with oertain reservations, inolude glass jars,
cans and laminated foil packets (paras 10, 11, 12, 13, 14).

In general, there is no need for special provision to ooxztrol the relative humidity
in oold storage rooms (pares 10, 14, 29, 30).

Send drying needs to be carefully oontrolled; several alternative systems would
be satisfactory (paras 6, 7, 8, 9). :

Moisture determinations and periodic routine germination tests shoauld be based on
ISTA rules, with oertain modifications in order to minimise the amount of sesi used
for these purposes (paras 17, 18, 19, 20).

Ideal sizes for individual acoessions will depend not only on the requirements for
routine testing but mainly on the genetic heterogeneity of the acoessions., In base
colleotions the ideal is likely to be within the range 3000-12000 seeds (paras 22, 23).

Careful oonsideration needs to be given to the siting of a oold storage faoility
(paras 27, 40).

Prefabriocated panel oonstruction of the oold room is recommended. The entranoce door
should be heated and an air look provided. Precautions should be taken to prevent
frost heave in the floor (paras 29, 31, 32).

The use of mobile shelving to house the acoessions in the oold store is eoonomic and
oonsidered desireble (paras 24, 25).

Refrigeration should be ocarried out using direot or indirect vapour oompression
systems, using oonventional refrigeranis and air-oooled oondensers, There should
be adsquate recirculation of the chilled air within the store (5-10 changes/h)

(Pm. 33, 34, 35, 39)'

Safety precautions whioch should be adopted include the provision of iwo refrigeration
units and a standby generstor, inocorporstion of various visible and audible warning
devioes should the refrigeration plant fail, and devioes to ensure that nobody is
aooidentally looked in the store. Additional preocautions should be taken where earth

tremors are oommon (pares 36, 39, 40, 41, 42).

](Zt is re;omndsd that speoifiocations of o0old rooms should be based on ASHRE standards
para 43).

Anoillary rooms and equipment need to be provided for the operation of a long-term
seed storage facility. Provision is required for seed drying, oleaning, testing and
packaging, and for records and se~vioes (pares 45, 46, 47, 485.

It is judged that the requirements of many banks will be met by oold rooms within the
range 85-200 (approximately 22, ,oog acoessions), although this report has
ocovered the range up to approximately 280 m3 (90,000 soocessions) to allow for special
ciroumstances (pares 22, 23, 24, 25, 26).
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16, The capital ocost of oold storage rooms, inolnding shelving, is likely to vary acoording
to the size of the store from $0,80 to $1,20 per acoession stored, The oapital oost
of providing a oomplete seed storage bank, with minimum satisfactory ancillary faoili-
ties, is likely to vary from $1.89 to $10.74 per acoession, aoocording to the size and
looation of the bank (paras 39, 44, 45, 47, 48, 49).
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APPENDIX 11

IBPGR LIST OF CROP PRIORITIES INDICATING STORAGE CHARACTERISTICS

Key:

R = recalocitrant
R?= probably recalcitrant
S = relatively short-lived

N = charaoteristics not known
0 = orthodox
O0?= probabiy orthodox

Priority 1 Priority 4
Wheat 0 Amaranthus sp. 0
Sorghum 0 Quinoa 0?
Millets 0 Teff 0?
Phaseolus 0 Lablab 0?
Coffee R Lentil 0
Lupin 0
Priority 2 Velvet bean 0
. Wing bean 0
Rioe 0 Minor tuber orops N
Chickpea g Taro and other aroids N
Groundnut Kenaf 072
(S;oyabea.n g Breadfruit and
owpea jack fruit N
lésiatio Vigna sp. 1?1 Niger seed N
as88ava Sesame o
Potato 0? Tea R?
Sweet potato 0?
ga.::.naa g Priority requiring further study
otton
Oilpalm (S. American) R Flax and linseed 0
Sugar beet 0 Cooonut NS
Sugar ocane 08 Tung and candlenut R?
Rubber R Grape N
Coocoa, R Tree fruits and nuts Mostly R
o Vegetables Mostly O,
Priority 3 sonps 0S
Forage orops Mostly O,
Barley 0 some N
Maize 0 Medioinal and drug
Oats 0 plants N
Rye Y Trees other than
Pigeon pea 8 food trees Many R,
Pisum sp. many N,
Vioia faba 0 some O
Yan 0? 3
Jute 0 some OS
Brassioa sp. 0
Oilpalm (Afrioan) R
Olive N
Safflower N
Sunflower 0
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APPENDIX I1I

THE USE OF IEEP-FREEZE CHESTS FOR LONG-TERM STORAGE OF
LL 5

Desp-freeze chests operating at approximately -2o°c, such as those used domestiocally,
are entirely suitable for the long-term oonservation of seeds, Such ochests have the
advantages that they are often immediately obtainable looally, and that their number oould
be added to as a colleotion inoreased in size,

It has been suggested that a large seed oollection oould also be housed in this way.
However, in terms of capital and running oosts per unit volume of storage space, deep-freeze
chests compare unfavourably with the smallest and most expensive oold room (85-3) oonsidered
in this report which provides storage space at a cost of 8314/m3 inoluding warning and
safety devioes). A typical chest, internal volume 0.3m3 213.5 £17), would oost avout $350
in Europe and provide storage spaoe at a oost of 3947/Il3 exoluding warning and safety de-
vices). In other words, on this basis deep-freeze chests are likely to oost about three
{times as muoh as oold rooms.

Deep-freeze chests would be suitable for very small collections of seeds, partioularly
if at least one spare chest and a small standby generator were included in the facility.
They could also be used as a temporary expedient while a major faocility is being constructed.
However, they would not seem to provide a suitable alternative to a large ocold room for the
long-term storage of major seed colleotions.



