
COLLECTING PLANT GENETIC DIVERSITY: TECHNICAL GUIDELINES—2011 UPDATE 1 

Chapter 20: Collecting and handling seeds in the field 

F. R. Hay 

International Rice Research Institute, DAPO Box 7777, Metro Manila, Philippines 

E-mail: f.hay@cgiar.org 

R. J. Probert 

Royal Botanic Gardens, Kew, Wakehurst Place, Ardingly, Nr. Haywards Heath,  

West Sussex RI176TN, UK 

E-mail: r.probert@kew.org 

Abstract 

Seed banking remains a cornerstone in the conservation of plant genetic resources. To be successful, it relies 

on the collecting and banking of high-quality seeds. In 1995 there was relatively little guidance available to 

seed collectors (especially of wild plant species), who had to make decisions in the field about what to collect 

and how to handle collected material. Since then, research into various aspects of seed conservation has meant 

collectors should have a better idea of the storage behaviour and potential longevity of seeds of a target 

species and the likely maturity status of the collected seeds. Knowledge of the moisture status of the seeds, 

which can be quickly and easily determined in situ, and of the local climatic conditions, can help inform what 

to do with a collection immediately after harvest. A particular concern is that, while a relatively small 

proportion of species were known to have recalcitrant or intermediate seed storage behaviour, there may be 

many technically orthodox species whose seeds are so short-lived in conventional seed bank storage that 

alternative storage conditions or even methods of conservation will have to be sought. 

 

Introduction 

In the earlier version of this chapter, published in 1995, Roger Smith concluded that there was a scarcity of 

published data to aid collectors on the post-harvest handling of seeds. Shortly after that, Roger was 

responsible for leading the Millennium Seed Bank Project, the largest seed conservation effort for wild 

plant species ever undertaken. It is therefore no coincidence that a major thrust of research on seed storage 

behaviour, longevity, development and post-harvest handling began around that time.  

In 1995, we knew that the moisture status of seeds at the time of collection and during the post-harvest 

period would have a major impact on subsequent seed longevity. Historical climate data could be used to 

predict the likely affects on seed longevity if seeds were exposed to average ambient conditions in the field. 

However, portable and reliable means of directly measuring seed moisture status and ambient conditions in 

the field were not widely available at that time; they are now and are already used by seed collectors around 

the globe.  

Our knowledge of the relationship between seed maturity and the development of seed tolerance to 

desiccation and seed longevity is now also greatly improved, which has enabled the development of clear 
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practical guidelines for post-harvest handling. We also have a much better understanding of the variation 

among species in inherent seed longevity and the factors that correlate with such differences. This good 

news, however, is tempered by the fact that we have now discovered wild plant species and crop relatives 

that are potentially extremely short lived using conventional techniques for seed conservation.  

The global threat to plant diversity from land conversion, invasive species and climate change means that it 

is now more important than ever to collect and conserve plant genetic resources.  Armed with the 

knowledge gained and tools developed since 1995, collectors can be more confident that collections will 

reach the seed bank in prime condition.   

Current status 

Seed storage types 

One of the first considerations when deciding how to collect and handle seeds of a particular species is 

storage behaviour. The Seed Information Database (SID) (http://data.kew.org/sid) began as an online 

version of the Compendium of Information on Seed Storage Behaviour (Hong et al. 1998), which 

categorized species as having recalcitrant, intermediate or orthodox seed storage behaviour based on 

published data and unpublished seed storage results from the Seed Bank of the Royal Botanic Gardens 

Kew. SID currently contains information on the seed storage behaviour of 19,676 species and can be 

searched at different levels of taxon (although not by common names). Most species for which information 

is available (93.9%) are described as having orthodox (or probably/likely orthodox) seed storage behaviour, 

although as observed previously, the species included in SID are probably biased towards temperate and/or 

useful plant species that might be more likely to have orthodox seed storage behaviour. Only 2.8% are 

described as having recalcitrant (or probably/likely recalcitrant) seed storage behaviour. The remaining 

species (0.8%) fall into the intermediate category of seed storage behaviour or have uncertain storage 

behaviour (based on the available data).   

Where information is not found in SID or through other literature or web searching, it may be necessary to 

empirically determine seed storage behaviour, if seeds, time and facilities are available. Hong and Ellis 

(1996) presented an experimental scheme to determine seed storage behaviour whereby seeds are dried to 

increasingly lower moisture contents and tested for germination; samples of those that survive drying to 

10% moisture content are further dried and stored at -18°C for three months and then tested again. This 

scheme requires a large number of seeds. Pritchard et al. (2004) described a simpler version where small 

samples of seeds are used for moisture content and germination testing before and after drying; drying to 

equilibrium with silica gel is monitored by following the change in seed weight. These types of 

experiments on desiccation tolerance assume that appropriate dormancy-breaking treatments and 

germination requirements are known. This might not be the case, and for example, as reported for Carica 

papaya, dormancy can be induced by drying (Wood et al. 2000). Similarly, if the low temperature response 

as well as the desiccation response is tested, as in the Hong and Ellis (1996) schematic, it should be noted 

that the low temperature might reduce germination for reasons other than loss of viability, per se. Crane et 

al. (2003) found that there was reduced germination of seeds of some Cuphea species due to the 

crystallization of particular fatty acids within the seeds. Higher germination was achieved if the seeds were 

given a heat pulse to melt these lipids before imbibition (a response that cannot be described as the 

induction and release of dormancy).  

Recalcitrant seed storage behaviour is still expected to be more prevalent in the warm moist habitats of 

tropical and sub-tropical forests, compared with more arid areas, and these seeds tend to have particular 

characteristics: they are likely to be non-dormant, dispersed at a high seed moisture content (since they are 

metabolically active) and during the wettest months of the year, relatively large and likely to have relatively 

thin outer tissues (endocarp and testa) (Daws et al. 2005; Ellis et al. 2007; Berjak and Pammenter 2008). 

Daws et al. (2006) used these last two traits in a model that can be used to predict the likelihood of 

desiccation sensitivity. If there is a high probability of desiccation sensitivity, it would be unwise to make a 

large seed collection for conventional seed bank storage. The expected ‘hot spot’ of desiccation intolerance 

among aquatic species has not been entirely borne out. Hay et al. (2000) found that a considerable number 

(65) of aquatic plants native to the UK do produce seeds that could withstand desiccation; only nine species 

http://data.kew.org/sid/
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were described as having recalcitrant or intermediate storage behaviour based on levels of desiccation 

tolerance. Similarly, although less surprising, Tuckett et al. (2010) reported that seeds of aquatic species 

found in temporary pools of Western Australia have orthodox storage behaviour.  

The extent of desiccation tolerated by seeds of species that are classified as having recalcitrant storage 

behaviour varies. This has led to the theory of a continuum of seed storage behaviour (for a review see 

Berjak and Pammenter 2008), from highly recalcitrant species, whose seeds tolerate little or no desiccation, 

through to extremely orthodox species, whose seeds are highly desiccation tolerant and long lived. 

Desiccation tolerance can even vary between different seed lots within a species and between individual 

seeds within a seed lot. Daws et al. (2004) showed how the degree of desiccation tolerance varied between 

seed lots of the recalcitrant species Aesculus hippocastanum, depending on provenance within its European 

range; differences were attributed to enhanced development of the seeds in warmer environments. Similarly 

for tropical species, the level of ‘maturity’ of the seed at shedding may determine the level of desiccation 

tolerated (Berjak et al. 1993; Lin and Chen 1995). Between species it has been observed that the slower the 

rate of water loss, the greater the desiccation sensitivity (Berjak and Pammenter 2008). Berjak and 

Pammenter (2008) also gave practical advice for the conservation of recalcitrant seeds: seeds should be 

kept at their harvest (or shedding) moisture content and at the lowest temperature that does not incur 

chilling damage. Seeds of species from temperate regions may tolerate lower temperatures (0-5°C) than 

species from tropical regions. Provided that fungal growth can be controlled, recalcitrant seeds may remain 

viable under such conditions for several months to a year or two, at best. For long-term ex situ 

conservation, cryopreservation techniques, often of excised embryonic axes, remains the only option for 

desiccation-sensitive species, including those that have been termed ‘intermediate’ but which might also be 

considered, on the continuum of desiccation tolerance, as ‘minimally recalcitrant’.  

Desiccation-tolerant (orthodox) seeds 

Orthodox seed development 

The timing of seed collection is important since seed quality increases late in seed development: during the 

desiccation stage after the attainment of mass maturity (maximum seed dry weight). (Note that for orthodox 

seeds borne in fleshy fruits, there may be limited loss of water from the developing seed.) Understanding 

the physiology and patterns of gene expression of this stage of seed development continues to be a focus of 

seed research (for a review see Angelovici et al. 2010).  

Seeds of many orthodox species acquire desiccation tolerance around the time of mass maturity, some time 

before the desiccation stage is completed and seeds, in the case of wild species, are dispersed. However, 

there are some seemingly orthodox species in which there is little or no desiccation phase before seed 

dispersal, and some individual seeds within a cohort that might be considered ready for collection (on the 

point of natural dispersal) might not be fully desiccation tolerant. This phenomenon has been observed in 

the spring-flowering herbaceous geophyte,   Anemone nemorosa, where only 30% of the freshly harvested 

seeds survived drying for 21 days at 15% relative humidity (RH), 15°C (Ali et al. 2007). Desiccation 

tolerance increased during the first five days after harvest in seeds placed on agar at 20°C. This Anemone 

nemorosa data shows how seed maturity at harvest can vary between individual seeds. Hay et al. (2010) 

attempted to determine the sources of variability in seed maturity by following the development of a cohort 

of seeds of Trifolium ambiguum. They concluded that, for this species, seed-to-seed variability in the timing 

of the onset of germinability, desiccation tolerance and hardseededness, and in the gaining of seed 

longevity was inevitable. Seed collectors in the field, even when collecting from a crop species where there 

might be less variability in phenology and micro-environment between individual plants, are unlikely to be 

able to make a collection of seeds with completely uniform maturity. Attainment of maximum seed 

longevity in T. ambiguum was associated with a change in seed coat colour from orange to dark orange, 

although there were subsequent declines in potential longevity (Hay et al. 2010). A useful review of field 

markers of seed maturity, including changes in fruit and seed coat colour can be found in Hay and Smith 

(2003). Another potential marker of seed maturity is the amount of chlorophyll fluorescence emitted by the 

intact seeds since, for some species, the amount of chlorophyll in the seeds declines during seed 

development (Jalink et al. 1998). Whether such a technology could actually be of practical use on a seed-

collecting expedition remains to be seen, but seed sorters that discriminate on the basis of either colour or 
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chlorophyll fluorescence are available and could be used during the processing of seed accessions 

(Dell’Aquilla 2009).  

Moisture content is also commonly used to assess seed maturity. However, empirical determination of seed 

moisture content is a destructive test and obviously requires laboratory facilities. Probert (2003) described 

how portable instruments that determine the equilibrium relative humidity (eRH)—the RH of the air around 

a sample when the system is in equilibrium—of a seed sample can be used to decide whether it is 

appropriate to make a collection or, if a collection is made, how the seeds should be processed. The use of 

digital hygrometers and alternatives for measuring seed moisture status has been described in more detail 

by Probert et al. (2003). These methods and practical guidelines for post-harvest handling of seeds (see 

below) are also covered by Millennium Seed Bank information sheets 04, 05, and 07 

(www.kew.org/msbp/scitech/publications/info_sheets.htm).  In dry climates, if the eRH of a sample of 

seeds is already close to ambient RH, seeds should be collected as soon as possible. If fruits/seeds do not 

easily detach from the maternal plant and the eRH of the seeds is still high (85%–100%), it is better to wait 

for further maturation before making a collection. 

Handling seeds in the field 

How seeds are handled immediately after harvest is critical to their subsequent longevity in storage. 

Particular care should be taken when a species’ seeds are expected to be extremely short-lived (see below). 

The timing of seed collection is also important; however, it might not always be possible to wait to collect 

seeds on the point of natural dispersal (as recommended for seeds of wild species) because of logistical 

constraints.  

If fruits/seeds have a very high eRH at harvest (85%–100%) and if resources are available to create a 

controlled, non-desiccating environment, they should not be rapidly dried. Seed quality is likely to increase 

if such seeds are held under conditions (temperature, humidity) that are close to the conditions that they 

would experience if they remained on the maternal plant (Probert et al. 2007). As a general rule, suitable 

conditions to aim for would be ~75% RH and close to ambient temperature. During a collecting expedition, 

it might be more practical to simply hold intact fruits under shaded ambient conditions to allow continued 

ripening (table 20.1). Butler et al. (2009) found that if seeds are collected before the end of the desiccation 

phase of seed development and dried, developmental processes leading to increases in seed quality might 

be resumed if seeds are later placed at high humidity. This may be worth considering in situations where it 

has not been possible to hold seeds at high humidity immediately after harvest, although it needs validating 

for more species before it might be considered appropriate for routine use.   

Table 20.1. Decision-Making Framework for Post-Harvest Handling of Orthodox Seeds from Non-
Fleshy Fruits during Seed Collecting Missions, Based on an Understanding of Ambient 
Conditions and Seed Moisture Status 

 

Seed Maturity Stage 

 

Seed Moisture Status 

Ambient Conditions 

Dry 
(daytime RH < 50%) 

Humid 
(daytime RH > 50%) 

Immature Wet (85% to 100% eRH) 
Hold intact fruits under shaded ambient conditions for 1-2 
weeks for continued ripening. 

At natural dispersal 

Damp > 50% eRH 
Dry in a thin layer, in a well-
ventilated location. Minimise 
moisture absorption at night. Transfer to seed bank as 

soon as possible or dry with 
a desiccant such as silica 
gel or place in an air-
conditioned room.  Dry < 50% eRH 

Hold in loosely packed mesh 
or paper bags in a well-
ventilated, shaded location. 
Minimize moisture absorption 
at night. 

Note:  For more details, see MSBP technical information sheets 04 and 05 
 (www.kew.org/msbp/scitech/publications/info_sheets.htm). 

http://www.kew.org/msbp/scitech/publications/info_sheets.htm
http://www.kew.org/msbp/scitech/publications/info_sheets.htm
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If the eRH of collected seeds is between 50% and 85%, the rate of aging is likely to be unacceptable. If the 

ambient conditions are also hot and humid, it will be necessary to dry the seeds as soon as possible using a 

desiccant and/or transfer the seeds to an air-conditioned or purpose-built dry room. In less humid climates, 

the seeds can be dried by placing them in a thin layer in a well-ventilated, shaded location. Seeds should 

not be allowed to take up moisture overnight when ambient air humidity increases. This can be prevented 

by sealing them in air-tight containers. For seeds that are already relatively dry at the time of collection, the 

advice is similar except that in dry climates, the seeds can be loosely packed in mesh or paper bags and 

kept in a ventilated location (table 20.1).  

The eRH of fleshy fruits is likely to be high regardless of the maturity stage of the seeds inside, and there is 

little point in measuring the eRH of these fruits. Seeds from such fruits should be extracted as soon as 

physical signs (such as fruit colour) suggest that the fruits are ripe. Unripe fruits should be kept under 

ambient conditions and direct sunlight may not be unfavourable. Simulating natural conditions, extracted 

seeds should also be allowed to dry relatively slowly (i.e., aiming for the ~75% RH as above) before being 

transferred to the genebank dry room.   

Variation in the longevity of orthodox seeds 

Even if a species falls into the orthodox category of seed storage behaviour in that the seeds are desiccation 

tolerant, it does not mean that conventional seed bank storage is an appropriate method of ex situ 

conservation. There is increasing evidence that the seeds of some wild species are extremely short-lived in 

air-dry storage. For example, seeds of Anemone nemorosa are predicted to survive only a year or two at 

most under conventional seed bank conditions (Ali et al. 2007). This finding is consistent with those of 

Probert et al. (2009), who found that relatively short seed longevity in air-dry storage was correlated with 

the presence of endosperm and with cool, wet environments. Walters et al. (2005) similarly found 

taxonomic and climatic trends in relation to seed longevity among accessions (breeding lines, landraces, 

and wild populations) comprising 276 species, including many common crops, and Mondoni et al. (2011) 

have recently shown that seeds of Alpine plants were significantly shorter lived than related species and 

ecotypes from nearby lowland habitats. If collected seeds are expected to be very short-lived in air-dry 

storage, care is needed to ensure that viability is not lost before seeds arrive at the seed bank (see table 

20.1). Li and Pritchard (2009) have suggested that it makes economic sense to use ultra-cold storage (in or 

above liquid nitrogen) for short-lived (indeed all) orthodox seeds, particularly for threatened and vulnerable 

wild species. At the extreme end of the orthodox scale, Probert et al. (2009) found that seeds from some 

Australian species were particularly long-lived, and Sallon et al. (2008) have reported germination of date 

seeds (Phoenix dactylifera L.) that were carbon dated to be about 2000 years old. Delays in the processing 

of such seeds would be less detrimental than for short-lived seeds, although best practice should 

nonetheless be followed. 

The Ellis and Roberts (1980) improved viability equation remains a useful tool for predicting seed 

longevity in air-dry storage and also the potential losses that might be incurred if processing (drying and 

storage) is delayed, if the ‘viability constants’ have been determined for the species of interest. SID has a 

useful module that can be used to predict viability loss for species for which the viability constants of the 

equation have been determined. Currently, constants for 56 species are available in the database, including 

common cereal and legume crops as well as wild species. Constants for other species may be available in 

the literature, and the values can be entered within the seed-viability constants module of SID to make 

predictions. The module also allows the user to estimate equilibrium moisture content if the seed oil content 

for the species is known. Determining species viability constants for other species is relatively simple if the 

Dickie et al. (1990) universal values are used for the temperature constants, requiring experimental storage 

of seed samples to be carried out using a range of moisture contents at a single temperature (cf. a range of 

moisture contents and temperatures). 

Future challenges/needs/gaps 

The process of seed collecting always sounds as if it should be quite straightforward. However, in truth, if 

the seeds are to be of value as a genetic resource, we know that considerable care is needed in terms of 

deciding when and whether to collect and how to handle the seeds in the field. Collectors would still benefit 
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from the development of fast, reliable tools for use in the field to diagnose seed storage behaviour, maturity 

stage, and perhaps, for orthodox seeds, potential longevity. Portable systems for efficient drying of seeds 

during a collecting trip or, if appropriate the converse, for holding them at high humidity, also need to be 

improved. More research is needed on potentially difficult and understudied groups: for example, temperate 

woodland geophytes, aquatic species and alpine species, whose seeds might be desiccation tolerant but very 

short-lived in conventional seed bank storage. Such studies might consider optimum time to collect, 

appropriate drying environments, treatments to overcome germination problems and dormancy, and 

alternative storage conditions.  

Non-orthodox seeds still present considerable challenges, not least since a wide variety of species, 

including some important crops and/or their wild relatives, have seeds that are non-orthodox.  

Conclusions 

Key points restated and updated. 

For all seeds 

 Attempt to collect equal numbers of seeds from each plant sampled at the time of natural seed dispersal. 

Do not collect from the ground unless you can be sure seeds have only recently dispersed.  Avoid 

damaged seeds (mechanical damage, pest attack).  

 If seeds must be cleaned during the trip, do so by hand to minimize the chance of mechanical damage.  

 Plan your activities so that no more than one month elapses between collecting and reception by the seed 

bank.  

 If it is possible to avoid quarantine seed treatments without breaking quarantine regulations (for example 

through post-entry quarantine), do so.  

 Personally ensure that seed arrives at the seed bank without undue delay. International air-freight 

companies offer a reliable service for sending seed batches around the world. Major companies provide 

online tracking services, and packages travel in pressurized, temperature-controlled aircraft cabins so 

there is little risk to seed quality during transit.  

For desiccation-intolerant seeds 

 Keep seeds aerated and moist in inflated polythene bags, changing the air at least weekly by deflation and 

re-inflation.  

 Do not allow such seeds collected in the tropics to either cool below 20°C or heat up above ambient shade 

temperatures in the field or during transport.  

For desiccation-tolerant seeds or their fruits 

 Make direct measurements of seed moisture status and ambient conditions at the time of collection using 

a suitable hygrometer to assess the risk of significant loss in seed viability during transit. Use the results to 

inform post-harvest handling decisions (table 20.1). 

 For fleshy-fruited species, if logistically possible consider field cleaning of fully ripe fruits followed by 

shade (slow) drying of extracted seeds for three days or more (larger seeds need longer) to reduce the 

seed moisture content towards equilibrium with ambient relative humidity before packing. If the fruits are 

not fully ripe, then keep the fruits intact and aerated, at ambient temperatures.  

 For fruits that are dry dehiscent or indehiscent, it is usually preferable to keep the fruits intact and aerated, 

at ambient temperatures. However, to use space more efficiently, seeds could be extracted by hand and 

dried in the shade as above. 

 Collections containing a significant proportion of immature seeds or fruits should be allowed to continue 

ripening under ambient conditions but protected from exposure to direct sunlight. Such collections should 

be regularly checked for physical indications of improved maturity.   

 If the collection comprises morphologically distinct maturity stages, consideration should be given to 

splitting the collection and treating the immature and mature seeds differently. 
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