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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 seeds and vegetative material". FAO, through 
its Panel of Experts on Plant Exploration and Introduction, 
had mad. 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 Group. It will be 
appreciated that the report relates mainly to long-term con
servation facilities, but many of the recommendations, e.g. 
on seed drying, ge'-mination testing and other technical 
aspects, are applicable to medium-term storage of seeds. 



Typee of need to be stored 

1. Seeds can be divided into two major groups according to their viability ohamaoteriatio: 

The first group, to whioih most amble mops belong, Is described 
as 'orthodox'. In this group the period of viability to increased 
logarithmially by decreasing the temperature and moisture content 
of the "eds and, in specism whore the appropriate constants have 
been determined, it in possible to mm rough predictions of the 
period of storage for viability to fall to a given level under any 
storage onvironment. However, even within this 'orthodox' group 
there is considerable variation between speoiem in the length of 
the storage perio4 which can be achieved under any given met of 
oondition., varying from comparatively long periods for many of 
the major cereals, through intermediate periods for som of the 
grain legumes, to relatively short periods for soe asmes and 
several vegetable species (e.g., onion and parsnip). In some 
species (eog., lettuoe) it is knuown that there may be considerable 
genotypic variation in sad longevity between cultivarso 

The second group comprises species which are described as 
'recalcitrant' since seeds of thes species do not obey the 
general rules which apply to the majority of species which oom
prime the 'orthodox' groupe. In particular, using present 
technolog, they cannot be dried without damge and, under 
ambient conditions, have r latively short viability periods. 
Nany of the large-eaded tree species are included in this group 
(eot., citrus, ooffee, cocoa, oil palm). 

2. It is impossible to give any general recommendation for the storage of recalcitrant 
species at this time. Oonsequently all the recomendations in this report refer to orthodox 
seeds. A list based on the IDPGR priorities, which indicates whether a speois is orthodox, 
reoalcitrant, or whether we do not have msfficient information for classification at the 
present time, is shcwn in Appendix II* This list should not be considered as definitive 
and it may need to be revised am further information become available. 

Conditions of stoma. 

3, The Working Group accepted am a general reeimoendation, the' propomed Preferred Standards 
for lone-term seed storage installations as ioluded in Appendix IV (revised July 1975) of 
the Import of the Sixth Session of the PAD Paml of 3qterts on Plant Exploration and Intro
duation. These preforred standards specify storag ost -180, or less, in air-tight containers 
at a meed oisture content (wet weight basis) of 5±%, 

4. The arguments for specifying really good storage conditions much as those in paragraph 3 
are threefold: 

(1) loss of viability in store is ammolated with a considerable amount of genetio 
change and thus regeneration (growing a sample of the seed stock to provide fresha 
sample of seed for stozae) should be instted as sco n as viability has begun to 
fall sipnifloantly, iLeo, an soon as viability has fallen b~y 5-10%; 

- (2) the costs of regeneration are high, sad the diffimalties and dangers ae eon
miderable, moreover, loss of purity im oer thregb mohaical, miin and cromm
pollination, and in genetically hetesemm amples, selection can occar 4epend
ing on the environmental conditions in which the regeneration is carried out; and 
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(3) the capital and running costs of providing really good conditions are not much 
greater than for providing storage conditions of inferior quality. 

5. In certain spooifio instances, however, the Woring Group suggeuted that it would be 
possible to relax the temperature standaor. t -lOC. This temperature would be acoeptable 
in cases where the responsibility of a seed bank was restricted to & single species or a 
few species where the intrinsic viability is high and where the viability oharacotristiov 
are well-kown, e.g., in the oomon oultivated cereals such as wheat and rice. Howaver, 
when a sed bank Laa responsibility for a wide range of species, or when it is known that 
som of the species have poor viability oharateristios (eeg., soeO grases, vegetables
and grain legumes) then it would be advisable to insist on the preferred storage conditions 
as specified inparagrph 3. 

Seed drying and the oontrol of moisture oontent 

6. Aooessions of seeds need to be dried to approxiatel y 5%. This is a considerably lower 
moisture content than is used in commeroial practice and, as a oonseauenoe, there is no 
standard comroially-produoed equipment suitable for drying small batohes of seed to this 
level. Seed dryiug is a teohnolog which requires further stu y and development but, in the 
meantimo, there are various alternative safe practices which san be used by seed banks. 

7. Seed drying metho In depend essentially on bringing air of very low relative humidity

into contact with the seeds. The relative humidity of the air is comonly reduced by rais
ing its temperature. However, when the initial sed moisture content is high (above 18%),
 
in most species it is not safe to raise the air temperature in foroed-ventilation driers
 
above 4000. Sinoe the extent to which relative humidity can be rednoed by heating to 4000
 
is limited, a single-stg drying technique based on heating the air to 4000 cannot be used
 
in most olimates for drying seeds down to 50 However, a hot-air drier running at 4000 oan
 
be used as the first stage in a number of two-etage ethods. If the seed is pre-dried to 
11% or loe during the first stage, then a second stage dzrying'tomperature of 6000 is safe 
for most species. Using such a technique, it would be possible to dry seeds to approximately
5 in virtually a:W olimate. This technique is used for example, by the National Seed 
S ,rage Laboratory at Hirtukma in Japan. 

8. A number of other techniques could either be used as an alternative second stage to the 
one described above, or as the. sole method of drying. These inolude forced-air drying 
techniques based on lithium chloride (as used by the aenebank in Brounsohweig-Vilkenrods,
FIG) or placing seed -o equilibrate in a cabinet in which the relative humidity is controlled 
at 15% or less by any other technique. The Seed Bank at the Royal Botanio Gardens, Kew, 
U.K., is developing a promising mall-batch drier based on the water-reomoving properties of 
molecular sieves. 

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

10. After the seed has been dried the moisture content can be maintained during storage by
using hermetic containers. The alternative to hermetic storage would be to use 'open' con
tainers and control the relative humidity of the atmosphere in the cold room. However, in 
order to achieve a satisfactory low relative humidity for this purpose (i.e., approximately
1% R.H.) it would be necessary to install specialized dehumidification equipment (e.g., 
sstems depending on the dehydrating properties of lithium chloride). Opersting such a 
system at sub-zero temperatures presents some technical diffioulties and because of these 
it may not be entirely reliable. Furthermore, its cost may be of the same order as the 
refrigeration plant. It should also be pointed out that hermatic storage (in contrast to 
'open' storag) wold prevent any rie in moisture content which ould ocur rapidly in 
open storage if there should be a power failure. Accordingly, once the sed has been dried, 
it is strongly recomanded that the moisture ontent is controlled by hermtie storage as 
recomded by the FAO Panel of Experts on Plant Eploration and Introduction. 
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11. Three types of oontainer are considered suitable for hermtio storage: glas, jars or
 
vials; metal ams; and laminated foil packets.
 

12. The seals on serew-oap jars are not always perfect. Consequently, it is recommended 
that if they are used, indiator silica pl, or milies gel with cobalt chloride ndiostor 
paper, should be included so that if a leak ahould occur, ths can be detectede Glass vials 
which are sealed by annealing the glass are relatively sfe, but inconvenient, 

13. Sealed cans ar safe and relatively oonveniea0o They can easily be resealed after
 
withdrawing a ample. Vaeuum sealed oans have the advantage that faulty oane can be do
teoted with the use of a tuning rod, but since an failure is rare, and since minor im
provements in longevity (resulting from removal of oxygen) would probably be minimal, it
 
does not seem nooessry to recommend vaoaus oaning as a standard procedure; neither doom
 
it seem neoessry to reoommeL k sealing in nitrogen or other inert gas, Sealing in air at
 
atmospherio pressure would be satisfaotory.
 

14. Laminated foil packets are convenient and have already been adopted by at least one 
seed bank. However, they cannot be recommended for general use at the present tme without 
further precautions being taken. A seed bank wishing to adopt them imediately 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 controlling the relative humidity of the store at 
about 40% R.H., using conventional refrigeration techniques and this would ensure that 
the moisture content of ihe seeds would not rise above 8-l should there be a packet fail
ure. Providing the packets are obtained f4om a reliable mnufaoturer and have a robust 
specification (e.g., outer lA~yer 16.76 g/m'Nalinex (syn. Terylene), middle layer 33 /
aluminium foil, inner layer 46 /m2 polTthene) and providing the sealing technique is ade
quate, further experienoe may well show that these additional precautions are unneoessary.
Suoh packets could be obtained in bulk at a cost of about $110 per 1000 packets. 

Routine moisture determinations and germination tests 

15. The procedural methods for dealing with acooesions will affect aocession size and thus 
the size and cost of cold stores. 

.L6. When an aooession in received by a seed bank, it may be necessary for it to be cleaned 
and dried, and it will certainly be necessary for its moisture content to be determined and 
its percentage viability asessed. 

17. Since different moisture determination techniques give different results, it is recom
mended that the methods prescribed by the International Seed Testing Association (ISTA) be 
adopted (Intermational Rales for Seed Testing, 1976; Seed Science &Technology, Vol. 4,
No. 1); although it is reconised that when seed in limited, as it often will be, it may
be necessary to reduce the quantity of seed which is used for the determination below that 
which is officially reocomended. 

18. The initial germination test on aoceseions should also be carried out using the pro
oodures for selecting and testing proscribed by the IBU. This involves the use of 4 z 100 
seeds. In order to conserve seed, it is uested that subsequent tests during storage be 
carried out on 2 x 100 med. If such a test indicates a drop in viability of 5, then it 
should be repeated inmediately on a furtkhr 2 100 eeds. 7f the combined results oon
firm that a significant drop in viability Us ooomed (which can be chocked by consulting
the coupatability table published in the I&A MU m 1976), then it is recomnded that the 
seed bank arrange to remerate a mob-amle f the aeesseion. It is suggested that .the 
regeneration proedrm is instigated as oem as them is a significant drop in viability
because of the high level of genetic mntatlon which aeimulatem in the mirviving m d as 
viability doolinmso 

19. In many crop species an initial viability of 80%or more is normally expected, and if 
on reeipt it is les than this, arrangements sheuld be made at once to regenerte a sample
of the ascesion. However, in mm species the initial viability istypically les than 80%. 
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In such ases, it is suggested that imediate regeneration would only be necessary if the 
initial viability test indicates a viabilhty which is less than about 85% of the expected 
initial value, 

20. Using the storage conditions reocommended here, the rates of dealine in viability for 
most species are likely to be extremely slow; indeed no significant drop in viability
would be. antioipated in good quality seeds of some of the major orop species for a century 
or more. Consequently, it will not be necessary to carry out routine tests to monitor 
viability more frequently than every 10 years. However, when a new seed bank is estab
lished, it is reoommended that an additional routine germination and moisture detersina
tion test is carried out on a representative sample of the sooession during the first 3-5 
years in order to check that the system is operating satisfactorily. 

The size of accessions and the volume of the cold room 

21. The size of the cold room will be influenced by the number of accessions, the number 
of seeds in each aoession, and the size of the seeds, 

22. The ideal number of seeds for an aocession in a base* collection will depend mainly 
on the number and size of sub-samples which will need to be withdrawn for routine testing
and for transfer to active* collections. The size of sub-sample for routine germination 
testing has already been discussed. The size of sub-sample for transfer to active colleo
tions will depend mainly on the need to represent adequately the genetio variability con
tained within the accession. In the case of genetically homogeneous material (e.g.,
established varieties of self-pollinating crops, or Fl hybrids) it is clea that the sub
sample size necessary for routine germination testing will also be ample for transfer to
active collections. It icmuoh more difficult to make logical proposals about sub-sample
sizes for transfer to active collections which adequately represent the variability of
genetically heterogeneous accessions, since the problem has not been sufficiently studied 
and involves complex considerations of population genetics and eoology. Nevertheless, in 
order to arrive at some rational estimate of the ideal accession size, it is provisionally
recommended that the size of each accession in main base collections should, if possible,
not be less than about 4,000 seeds for genetically uniform material and 12,000 seeds for 
heterogeneous material. Induplioate collections at other centres, these numbers could 
be reduced to 1,000 and 3,000 seeds respectively. 

323. For most hard seeds, the volume in om can be estimated by multiplying the 1000-Cain 
weight in grams by a factor of 1.3 - 1.5. Seeds with appendages, such as grass seeds, 
occupy a greater volume in relation to their weight. In order to make some rough estimates 
of the overall capacity required by seed banks in general, we have taken 12,000 seeds of 
one of the common cereals such as rice, wheat or barley as being typical of seeds in the 
medium-size range. In wheat this number of seeds would weigh just over 500g and occupy
about two-thirds of a litre. Thus a container of 1 litre capacity should be ample. It 
has further been assumed that the container mifht be cylindrical and would occupy shelf 
spaoe equivalent to a 4uare prim of 1,300 am . It is thought that this allowance would 
also b sufficient to estimate storage capacity for a system in which an accession is 
packaged in sub-samples of 200-400 seeds which are kept in a rectangular container. 

base collections: for long-term conservation and not for general distribution 
active collections: for medium-term storage, regeneration, evaluation, distribution, etc. 
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24. Caloulations show that the use of mobile shelving (oompaotor systems) a used, for 
example, in libraries, in plaoe of more oonventional statio ahelving, would double the 
number of samples which a store ofa given volume could contain. In view of this# and 
taking into aooount the faot that mobile shelving eosto about one-third of .the eost of 
the oold storap room into which it fits, it in evident that for a given number of samples
it is more eoonomical to use a utller' oold store equipped with mobile shelving rather 
than to use a store of twice the volume and furnished with statio shelving. The cost of 
the larger store with the statio shelving would be about 50% greater per ample than the 
smaller store with mobile shelving - even if it is assumed that static shelving can be 
produoed looally at negligible oost. If some allowance is made for the cost of statio 
shelving, then tan economio advanta4e of mobile shelving is even greater. Accordingly,
it is reoommendad that mobile shelving be used. 

25. When using mobile shelving complete access to all mteri" can be provided by allow
ing for two passageways (80-100 oa wide) ikt right-angles to each other. In addition, in 
order to allow suffioient air oirculation between the inner surfaoos of the cold room and 
its oontents, so as to prevent unaooeptable temperature gradients, it is reoommended that 
there should be a minimum gap of 20 am between the shelves and the walls and beneath the 
lowest shelf and the floor. It would alao be oonvenient to leave a gap of at least 50 am 
above the shelves to allow for lighting and duoting. With these assumptions, and making
reasonable allowanoe for the space oocupied by the shelves themselves, and for some 
measure of ineffioienoy in packing, estimates have been made of the number of aooessions 
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 
aooommodated within the range of 85-200 m3 . However, because of economies of scale and 
beoaue certain seed banks yaneed to store more or larger aooessions, estimates up to 
282 mP (about 91,000 samples) have been inoluded in this report. 

26. As a procedure for estimating the cold storage space required when a seed bank is 
being es tablished, it is suggested that an attempt is made to assess the probable number 
of aooessions whioh are anticipated over the next ten years, and base the oapaoity re
quired on this estimate. It is more eoonomioal to oonstruot a single cold storage room 
of this oapaoity than to provide the equivalent spaoe in several smaller cold storage 
rooms. But in order to cope with possible inoreases in capaoity which may be required in 
the more distant future, it would be advisable to design the lay-out of the first cold 
storage room and its assoiated faoilities so that a seoond *old storage room oould be 
added in the future without difficulty, should it be required. 

Selection of site 

2.7. There are a number of important factors to be considered in the seleotion of a site 
for a long-term storage faoility. Most of these ar obvious, but it may be prudent to 
state some of the major factors: 

(1) Sooially stable area within reach of security personnel; 

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

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

(4) Situation away from dangerous chemical or fuel storage areas; and 

(5) Fasy acess to the area where seeds of active aalleotio "a threshed, dried 
and oleaned; although these processes which produce keat and dust should not 
be in the same building. 
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Cost of Cost of Costs of Cost of Total Gout of Total 

oold room 
inoluding 
safety 
devices & 

mobile 
shelving 
+ 33% 
freight 

buildings 
& service. 
inoluding 
arohiteot's 

laboratory 
eqipment 
& furniture 
inoluding 

oost oold room 
and shelving 
per aoceseion 

oot per 
accession 

standby 
generator 

fees for 
oold room & 

33% freight 

+ 33% ancillary 
freight faoilities 

(assuming 

$ $ $ $ 

26,700 6,650 36,900 
147,600 

48,500 
69,800 

12,765-
244,765 

1.20 4.95 
10074 

27,500 8,250 38,850 
155,400 

48,500 
69,800 

123,100-
260,950 

1.12 3.86 
8.18 

-

38,000 1i,000 43,950  48,500  141,450- 0.87 2.52 -

175,800 69.800 294,600 5.24 

51,400 21,150 51,1-50 
204,600 

48,500 
69,800 

172,200-
346,950 

0.80 1.89 
3.80 
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Seed bank construction 

28. As envisaged, a seed bank will consist of a main building containing a standard cold 
room and another partitioned .pao. for ancillary facilities. The construction of the outer 
protection shell will be dictated by the local olimatio conditions, building regulations 
and the availability of materials. However, when only small collections are to be stored, 
other methods are suitable (Appendix III). 

Design of the cold storae room 

29. It ha already been pointed out that there need be no special provision to control 
relative humidity in the cold store, providing acessions are stored within sealed con
tainers. Nevertheleus, in order to prevent icing 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 against moisture ingress, and in this respect prefabricated panel con
struotion is oonidered preferable to, safer than, and in most circunstances chesper than 
locally b.ilt structures. In addition, an air-look should be provided at the entrance to 
the cold room. With effioient management it should not be neoessary to oontrol the tempera
ture or humidity of the air-look since 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 tropi*al climates it would be essential to control the relative 
humidity of the air-look at about 30%. This could be oonveniently achieved with a lithium 
chloride humidity control device or some other appropriate system. But it would be pre
ferable to ensure limited frequency of entry through efficient management. 

30. If these precautions were taken, relative humidity in the store would automatically 
be controlled below 70% and, using conventional compressor refrigeration teohniques, 
possibly as low as 40%. As mentioned earlier in this report, it would only be neoeusary 
to consider specifically controlling relative humidity at a value as low as 40% if there 
were some doubt about the reliability of the sealed containers. If it were deoided to do 
this, then the R.H. could be controlled at a guaranteed value of 40% or less by using a 
small secondary 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 0 C to -20OG should be 100-130 mm (4-5 inches) with 
a thermal condutivity of about 0.017 W/m deg. 0; such insulation should meet the ooonomi
oal running requirements of tath temperate and tropical countries. A reliable type of 
insulation should be used so that it retains its thermal propertien, resists the attack 
of pests and vermin, and contains a fire retardent. 

32. Doors should be heated to prevent icing, and seals should remain effective without 
shrinking or warping. Floors should either be ventilatod or heated to prevent frost heave. 
All electrical wiring and fittings should be accessible and designed for low temperature 
operation. 

Refrigeration plant 

33. In view of its well-tried reliability, availabilityl and me of mintenance, it is 
recommended that conventional direct or indirect vapour-oompression refrigeration should 
be used. Such systems can be obtained as paaksge units, factory tested systems for 
operation under tropical conditions. 

34. The refrigerant used should be one that is csmon and readily available in order to 
facilitate recharging should there be a leakags, 
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35, Standard commroial refrigeration units and direot expansion, fored ventilation 
room oolers are reoommended. Air-cooled oondensers -should be used rather than water
cooled oondensers, since if water-ooled oondensers should be used frailure of the refri
geration plant could ooour through failure of the water supply or beoause of impurities 
in the water.
 

36. It is reoommended that a cold store should be provided with two separate refrigeration 
units oipable of maintaining the desired storage temperature while operating for 18h daily 
under extreme temperature nonditions. Because the maximum eletrioity load is governed by 
the large starting current of the compressor motor(s) the unite bhould be switched on 
sequentially using ourrent limiting starting techniques. In addition an automatic standby 
generator should be installed to provide suffioient power for at least one refrigeration 
unit and other essential services should there be a failure in the mains supply. 

37. 	 A three-phase alternating current power supply will be required. The estimated total 

oonneoted load would be 20-45 kVA for the store sizes oonsidered in this report. 

Air 	oiroulation 

38. If it is assumed that oirculation spaces are left within the store as indioated in 
paragraph 25, then reoirculation of air in the cold room to prevent unacceptable tempera
ture gradients will be achieved using fans and ducting as oonventionally employed in cold 
stores. The chilled air reoirulation rate should be between 5-10 ohanges per hour. More 
sophisticated air-oiroulation systems should not be neoessary, since a variation of 20 C 
within the storage space would be quite acceptable. 

Safety preoautiono 

39. In addition to providing two refrigeration systems and a standby generator, it is 
reoommended that four devices should be incorporated in order to ensure that the tempera
ture of the cold store operating at -l8o is maintained at the desired temperature. These 
are: 

(1) 	 a continuous temperature recording device; 

(2) 	 a temperature-sensitive witch which triggers an audible and
 
visual alarm should the temperature rise or fall by more than
 
500 from the control temperature; 

(3) 	 a temperature-sensitive witch which outs off the fans and
 
compressors should the temperature rise or fall by more than
 
10 0 0 from the control temperature; and
 

(4) 	 a wax cartridge which switches off the fans and compressors
 
should the temperature rise to 4000.
 

In all cases the temperature-sensitive elements should be sited in the upper regions of 
the store. Together these safety devices should not cost more than $3,000. In the case 
of the large store@, it is also recommended that a smoke deteotor be inoluded in the air 
oiroulatibn system. 

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

41. These precautions should be entirely adequate since if, in spite of them, there should 
be a failure in the refrigerstion plant, the thermal time constant (i.e*, 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, Futhezuore, chne in temperature 
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rr !I doom not affect eed viability: the viability period is a function of the intes
tion of tompersturo with time. Thus, for example, if there were a complete failure so
tl'at the emperatiua* rome to ambient for two voeks, this would not be more serious than 
an initial delay of two rioks in putting the dried mods into sto2e on arrival. 

42. In order to ensure the safety of people using the store, it in essential that the door
in desiged so that it oan be opened from the inside. An indicator light should be placed 
on the outside of the store in a prominent position which is in parallel with the internal
lighting oiruit of the store. It is also reooonended that a notice is placed on the door 
whioh indioates that nobody should enter the store without telling soe other responsible 
person* 

Design standards 

43. It is recommended that speifications for tender be based on the standards of the
American Society of Heating and Refrigeration %agineers (ASME) since theme are considered 
the most helpful and are universally acoepted. 

Cost of prefabricated oold rooms 

44. Prefabricated cold rooms which meet the" spe'ifiotions, inoluding standby gnerators,
should be obtainable at the following approximate cost@, free on board (&OB), a European 
port: us$ 

5 3 (3,000 ftt3 l _ 18,000
113 m3 (4,000 ft - 18,500 
183 m3 (6,500 ft - 26,300

3
282 m (10,000 ft3 - 36,400 
Freight and insurance will, of ocurse, vary with destination, but together are likely to 

be of the order of 33% of the FOB ost. 

A.ioilla y rooms and equipmEat required for the operation of long-term seed stores 

45. In addition to stcring the seeds, there are a number of ativities which need to be
carried out in order to operate long-ter storae facilities: the seeds need to be cleaned,
dried, packaged, tested for viability, purity and moisture oontent; and records need to be
kept. In some institutes where seed banks are being established there may well be exist
ing laboratories, offices and equipment which could be used or modified for these purposes,
but in others, all the appropriate facilities may have to be newly provided. 

46. Irrespective of the size of the storage facility the same operations will need to be
carried out at each seed bank, and thus the requirements are likely to be relatively inde
pendent of the size of the seed store. The following roonmendations for minimum space
requirements are based on this assumption, although it is realied that for a small estab
lishment it may be possible to reduce these allocations without drastically affecting the 
effioienc of the organimation. 

Machinery room (refripration plant 20%of area of cold store 
for cold store) (but not less than 10 a) 

Seed drying room 15 M2 

Seed oleanin room 230 m
Seed testing laboratory 40 m2 
Offices and records room 40 02 

Store roos 40 M2 

Toilets and service room 20 m2 

Total (excluding mchinery room) 185 m3 
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470 The cost of providing a building to house the prefabricated cold storas room and 
these ancillary facilities is difficult to estimate, since costs will vary W27 widely 
according to location, and may vary between about $150 and 8600/m' (including mrvioes 
and architects' fees). These assumptions have been inoorporatod into the table on pages 6-7 
in an attempt to set the upper and lower limits of the capital costs of providing a om
plete long-term storage facility. 

Equipment required for ancilla-y rooms 

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

(a) Gleaning and drying 

The number and types of cleaning equipment required will depend on the species 
which are being handled. In the oase of a seed bank dealing with major cereals, 
for exemple, only one or two cleaning machines would be required, and these 
would together cost $3,0)0-$4,000. However, in the case of a seed bank which 
has a responsibility for a number of different species, e.g., beet, clover 
and grasses, then a variety of more complex machinery would be necessary, and 
the cost could rise to :bout $15,000. Seed drying equip.ment is likely to cost 
about $2,000. 

(b) Germination testing and moisture determinations 

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

us$ 

Centrifugal divider 600 

Small hand tools 1,000
 

3 incubators (refrigerated) at $1,500 each 4,500 

Domestic refrigerator 300 

Forced draught oven 600 

Precision balance (weighing to 0.OOlg) 1,000 

Coarse balance (weighing to 0.1g) 300 

Seed grinder 500 

Total 8,800
 

In addition, in certain circumstances, the following equipment may also be
 
required:
 

US$ 

Blower (for preparing grass seeds 
for germination tests) 1,000 

Copenhagen tank (for testing light
sensitive seeds) 1,000 

2,000 
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(a) Packaging equilinent 

Irrespeotive of whether laminated foil packets wre used for storage, such 
packaging would in any ose be very oonvenient for distributing samples; 
and sealing equipment for laminated foil packets would oopt about $700. 
Canning equipment, if cans were used for storage, would coat about $1,300. 

laboratory 15,000 

Offioe 10,000 

Total 25,000 

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

The total cost of facilities for long-te m seed storage 

49. The table outlines the oosts of cold stores of various sizes and their associated 
laboratories, offices and equipment. In some oases, suitable buildings, laboratories and 
offices may already be available and, for such situations, the penultimate column shows 
the cost per sample of providing cold storage and shelving; this varies from 80.80 to 
$1.20 per sample according to the size of the cold storage room. However, in many oases, 
it will also be necessary to build and furnish associated laboratories and offices.
 
Accordingly, the final column shows the total capital cost per sample of providinj a com
plete long-term storage facility. This final column shows more than a two-fold range of 
costs per sample for each size of cold store room considered. This two-fold variation re
sults mainly from a four-fold variation in building costs which 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 1i.O to $10.75 per sample 
according to tha size of the facility and its location. 
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SUMAi "OF IAXN EODMNIWIOIS AND OONOLSIONS 

1. 	The reooianmdations apply to the stomsp of orthodox ends (pars 1, 2). 

2. 	Aoquisitions should be stored in ealed containere at about 5%moisture oontent in a
 
cold room held at -20 0 . The temperature oould be relaxed to -10 0C in special oes
 
(paras 3, 4, 5).
 

3. 	 Suitable alternative sealed containers, with certain remervations, include glass jars, 
sans and laminated foil packets (paras 10, lit 12, 13, 14). 

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

5. 	 Seid drying needs to be carefully controlled; several alternative systems would
 
be satisfactory (paras 6, 7, 8, 9).
 

6. 	Moisture determinations and periodic routine germination tests shoald be based on
 
ISTA rules, with certain modifications in order to minimise the amount of seel used
 
for theme purposes (paras 17, 18, 19, 20).
 

Ideal sizes for individual accessions will depend not only on the requirements for
7. 

routine testing but mainly on the genetic heterogeneity of the accessions. In base 
oolleotions the ideal is likely to be within the range 3000-12000 seeds (paras 22, 23). 

8. 	 Careful oonsideration needs to be given to the siting of a cold storage facility
 
(pares 27, 40).
 

9. 	Prefabricated panel oonstruotion of the cold room is recommended. The entrance door
 
should be heated and an air look provided. Precautions should be taken to prevent
 
frost 	heave in the floor (paras 29, 31, 32).
 

10. 	 The use of mobile shelving to house the accessions in the cold store is economic and 
considered desirable (paras 24, 25). 

11. 	 Refrigeration should be carried out using direct or indirect vapour compression 
systems, using conventional refrigerants and air-cooled condensers. There should 
be adequate recirculation of the chilled air within the store (5-10 ohanges/h) 
(parse 33, 34, 35, 39). 

Safety precautions which should be adopted include the provision of two refrigeration
12. 
units and a standby generator, incorporation of various visible and audible warning 
devices should the refrigeration plant fail, and devices to enmstu that nobody is 
accidentally looked in the store. Additional precautions should be taken where earth 
tremors are common (parse 36, 39, 40, 41, 42). 

13. 	 It is recommended that specifications of cold rooms should be based on ASHIE standards 
(Par 	 43). 

14. 	 Ancillary rooms and equipment need to be provided for the operation of a long-term 
seed stoap facility. Provision is required for sed. drying cleaning, teting and. 
packaging, and. for records and se-vices (paes 45, 46, 47, 481. 

15. 	 It is judged tW. the requirements of many banks will be met by cold rooms within the 
range 	85-200 IJ (approximately 22,000-60,009 accessions), although this report has 
covered the rang up to approximately 280 m3 (90,000 accessions) to allow for special 
ciramstances (paes 22, 23, 24, 25, 26). 
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16. The ospital oost of oold itorp zooms, inoluding shelving, is likely to var7 aooorring
to the size of the store from 80.80 to 81.20 per sooession stored* The ospital oostof providing a ooplete seed storage bank, with minimum sati sotory anoilla"y faoili
ties, is likely to vary from $1.89 to $10.74 per aooeasion, sooording to the size and
loostion of the bank (paras 39, 44, 46, 47, 48, 49).
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APPENDIX II
 

IBPGR LIST OF CROP PRIORITIES INDICATING SED =TORAGE CHARACTERISTICS 

Key: 

N - characteristics not 
0 - orthodox 
0?- probably orthodox 

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

Priority 1 Priority 4 

Wheat 
Sorghum 
Millets 
Phaseolus 
Coffee 

Priority 2 

0 
0 
0 
0 
R 

Amaranthus op.
Qainoa 
Teff 
Lablab 
Lentil 
Lupin 
Velvet bean 

0 
0? 
0? 
0? 
0 
0 
0 

Rios 

Chickpea 
Groundnut 
Soyabean 
Cowpea 
Asiatic Vigia 
Cassava 
Potato 

op. 

0 

0 
0 
0 
0 
0 
N 
0? 

Wing beanMinor tuber crops 

Taro and other aroids 
Kenaf 
Breadfruit and 

jack fruit 
Niger seed 
Sesame 
Tea 

0N 

N 
0? 

N 
N 
0 
R? 

Sweet potato 
ananas 

Cotton 
0ilpalm (S. American) 
Sugar beet 
Sugar oane 
Rubber 
Cocoa 

Priority 3 
Barley 

maize 
Oats 
Pieo0 
Pigeon pea 
Peuo0may 

faba
Ti- -
Jute 
Brassioa up.
Oilpalm (Afrioan)
Olive 
Safflower 
Sunflower 

0? 
N 
0 
R 
0 
OS 
R 
R 

0 
0 

0 

0
0? 
0 
0 
R 
N 
N 
0 

Priority requiring further study 

Flax and linseed 0 
Coconut NS 
Tung and oandlenut R? 
Grape N 
Tree fruits and nuts Mostly R 
Vegetables Mostly O, 

some OS 
Forage crops Mostly 0, 

some N 
Medicinal and drug 

plants
Trees other than 

food trees Many R, 
N, 

noe 0, 
some O, 
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APPENDI III
 

TH USOF P.-FEEZE CHES FOR DWNO-HK STOUGE OF
 
MLL SD OOLLE TIONS
 

Deep-freeze chests operating at approximately -200c, such am those used domestically, 
are entirely suitable for the long-term conservation of seeds. Such ohests have the 
advantages that they are often immediately obtainable looally, and that their number could 
be added to as a oolleotion increased in size. 

It has been sugested that a large seed collection oould also be housed in this way. 
However, in terms of capital and running oosts per unit volume of storage spa.e deep-freeze 
chests compare unfavourably with the smallest and most expensive cold room (85.0) considered 
in this report which provides storage space at a cost of $314/63 (inoluding warning and 
safety devices). A typical chest, internal volume 0.3m (13.5 ft'), would cost about $350 
in Europe and provide storage space at a cost of $947/m3 (exoluding warning and safety de
vices). In other words, on this basis deep-freeze chests are likely to cost about three 
times as much as cold rooms. 

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


