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Estimation of seed viability constants for tall wheatgrass, cocksfoot, rye, and
sheep fescue to inform gene banking decisions
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Abstract

Stored seeds deteriorate over time and must be regenerated to ensure that the benefits of ex situ
conservation are realized. Prediction of seed longevity is based on the seed viability equation. This equation
has four constants which are species specific. The aim of this project is the estimation of these constants
and prediction of regeneration frequency for Elytrigia elongata, Dactylis glomerata, Festuca ovina, Secale
cereal, and Secale montanum. Seeds were equilibrated at 20, 40, and 60% RH and their moisture content
was determined after equilibration. Seeds were then sealed in nylon pockets and stored at 30, 35, and 40°
C. Germination was tested monthly. Seed viability constants (K¢ , C, , Cy , Co) were estimated and
regeneration time was calculated for each species. High variation in seed longevity was observed both
among the genus and species. Elytrigia elongata with K:=6 and C,=1.64 had the maximum seed longevity of
all species evaluated; seeds stored in an active collection (8% mc, 5° C) would have to be regenerated after
131 years. The minimum seed longevity was obtained for Festuca ovina with Kz=4.3 and C,=0.5; seeds
stored in active collections would have to be regenerated after 33 years.
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Introduction

Due to genetic erosion, conservation variation associated with beneficial traits will
of plant genetic resources has been significant. Of always be available (Gooding et al., 2003).
2.3 million plant accessions which are conserved Seeds of most plants have orthodox
in the world, 97% of them are conserved as seed behavior and seed deterioration is predictable if
in ex situ collections (Plucknett et al., 1987). By storage conditions are defined. Ellis and Roberts
conservation of these resources, plant genetic (1980) introduced the viability equation for

prediction of seed longevity:
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Table 1
List of species and their origin
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Seed code Species Initial viability SMC during incubation Origin
Dactylis glomerata 29859 100 13-22-31 Iran
Festuca ovina 25570 100 12-21-29 Iran
Secale cereal 19199 100 10-21-29 Iran
Secale montanum 28062 100 9-19-28 Iran
Elytrigia elongate 25569 100 9-18-28 Iran

where V = germination (probit) after storage for P
days, Ki = initial germination in probit, m = seed
moisture content in %, t = temperature in
centigrade, P = storage period in days, and Kg, C,,
Cy, Cq = species specific constants.

The combined effect of moisture and
temperature on seed longevity is described by
the equation and it can predict viability of each
seed lot after a period of storage under defined
conditions. This equation has parameters such as
storage temperature, storage period, seed
moisture content, viability, and four constants
(Ke, Cw, Cy and Cy) which are seed lot specific.
This model can be used for any orthodox seeds
stored under conditions of -20 to 90° C and 5 to
25 % mc. Planning for managing gene banks and
also storing seed under controlled condition will
do better by using this equation (Liu et al., 2008).
The general recommendation for seed
regeneration in any gene bank is when seed
viability is reduced to 85% germination (Sackville
Hamilton and Chorlton, 1997). Predicting
regeneration time is very important to minimize
loss of genetic integrity and input of resources.

Time is only one of the several factors
relevant to storage. Seed longevity is significantly
affected by seed storage conditions. High smc
and high storage temperature are major causes
of week seed storage.

Dickie et al., (1985) estimated K=6.22,
Cw=2.67, and C,=0.0048 for lupin seeds by using
probit analysis and fitting data in a viability
reduction regression model.

It is known that in many species there is a
negative semi logarithmic relationship between
seed moisture and its longevity (Ellis et al., 1980a,
1980b, 1981; Kraak and Vos, 1987; Tompsett,
1986). Cy describes the sensitivity of seed

longevity to moisture. There is a high difference
between Cy of different species (Ellis and
Roberts, 1980b; Leon-Lobos and Ellis, 2003).

There was no difference when eight species
were compared for relative sensitivity of seed
longevity to temperature (Dickie et al., 1990).
Although reduction in temperature improves the
lifetime but the model predicts that cost-benefit
ratio will increase with decreasing temperature.
The reason is that, the model unlike the tests also
considers temperature till -75° C (Ellis and
Roberts, 1980a; 1980b). In such low temperature,
relative usefulness comparing to -20° C will be
too low and temperatures below -20° C is not
recommended (Dickie et al., 1990).

The aim of this study was estimation of seed
viability constants for tall wheatgrass, cocksfoot,
rye, and sheep fescue which are stored in natural
resources gene bank to inform gene banking
decisions. By this work the plant genetic
resources will be conserved better and the costs
of seed banking will decrease.

Material and Methods

Seed samples were taken from the natural
resources gene bank of Iran and as listed in Table
1. In order to estimate constants, numerous
studies over a wide range of temperatures and
moisture contents were conducted (Smith et al.,
2003). The current research investigated nine
treatment  combinations including  three
temperatures (30, 35, and 40° C) and three
moisture contents (obtained from incubation of
seeds at 20, 40,and 60% RH).

For equilibrating seeds to specific moisture
levels, each seed sample was divided into 15
subsets. These subsets were packed in nylon
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Table 2
Seed viability constants and time to 15% loss of viability

Estimated seed viability Constants

Time to loss 15% loss of viability (year)

Seed Code  Species Ke Cw Cy Cq 5°C -18°C

29859 Dactylis glomerata 4,715 0.554 0.03 0.0002 65 280

25570 Festuca ovina 4.366 0.50 0.03 0.0002 33 137

19199 Secale cereal 6.361 2.059 0.03 0.000201 126 543

28062 Secale montanum 4.431 0.472 0.03 0.000201 40 173

25569 Elytrigia elongate 6.00 1.642 0.03 0.0002 131 561
mesh and then incubated in sealed containers Results

over solutions of Lithium Chloride (60, 88, and
128 g LiCl per 200 ml deionized water which
provided environments of 20, 40, and 60% RH,
respectively).

Plastic chambers containing seeds were
sealed and placed at 20° C. Seeds were incubated
for 21 days according to the protocol of the
Millennium Seed Bank Project for moisture
equilibrium (Millennium Seed Bank Project,
technical sheet 09). After equilibration, seed
moisture content was determined according to
the ISTA rules (130° C one h). Equilibrated seeds
were sealed in moisture proof nylon pockets by a
packing machine then were transferred to 30, 35,
and 40° C.

Germination was tested for each treatment
combination monthly. Pre-chilling treatment was
used because of probable seed dormancy. A seed
was considered as germinated when its radicle
emerged by 2 mm in length (ISTA, 1996).

Data obtained from germination tests was
recorded. Percentage germination was converted
to probits and the probit was used. First, seed
viability equation (described below) was defined
for Excel software; then some limitation was
considered for the equation (K =6 - 10, Cy=3 -
6, Cy=0.03 - 0.06, Co= 0.0002 - 0.0005) (Kruse et
al., 2005). The model was fitted via Solver option
for estimation of the constants with this
assumption that sum of square of residues
(subtraction of observed viability from predicted
one) are zero.

The seed viability constants for Dactylis
glomerata, Festuca ovina, Secale cereale, Secale
montanum, and Elytrigia elongata were
estimated (Table 2). Time for viability to fall to
85% was calculated using the viability equation.
Assuming initial viability and moisture content
are 100% and 8%, respectively, regeneration time
for each accession was predicted for base (-18° C)
and active (5° C) collections separately. Among
them, Elytrigia elongata and Festuca ovina had
the maximum and minimum time for
regeneration respectively (Table 2).

Discussion

The results showed that the genus and even
species of a genus have different seed longevity.
This difference was mainly related to the
moisture constants (Kg and Cy). The temperature
constants (Cy and Cp) had a low diversity or were
common between genus and species, as other
researcher mentioned (Pritchard and Dickie,
2003). For example, Cy and Cq were reported
0.0329 and 0.000478, respectively for 9 crops and
vegetables species (Dickie et al., 1990). Ellis and
Roberts (1980a) reported Cy = 0.04 and Cq =
0.000428 for Barely. However, here Cy and Cq
were estimated to be 0.03 and 0.0002 for all
studied species. Kruse, et al. (2005) estimated
and reported the seed viability constants for
some crops and vegetable in the 7" ISTA Seminar
on Statistics. The range of K¢ and Cy, reported by
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them were 6.74-10.1 and 3.979-5.896,
respectively.

Early research into seed longevity by
Harrington resulted in empirical laws which
describe the effects of moisture content and
temperature on seed longevity. Seed longevity
will double with a 1% decrease in seed moisture
content (between 0 and 14%) or a 5° C decrease
in temperature (between 0 and -40° ()
(Harrington, 1972).

All species studied belong to the Poaceae
family, but had a wide range of longevity.
Elytrigia elongata and Secale cereale take 131
and 126 years for viability to fall by 15%, whereas
for Festuca ovina it is only 33 years. It is reported
that some other seeds such as Dracocephalum
parviflorum Nutt. could remain viable for
hundreds of years (Conn et al., 2006).

Estimated species constants are very
important to gene bank management. Prediction
of storage time is helpful for selection of
accessions that need regeneration. There are
more than 50000 accessions in the natural
resources gene bank of Iran; an informed
regeneration program will reduce input of
resources and minimize genetic erosion.

In addition to initial seed quality and storage
conditions, seed longevity is strongly affected by
genetic factors. There was a great difference
between seed longevity of 92 species which were
stored at 13 sites (in uncontrolled conditions)
when time to 50% loss of viability was estimated
by Priestley et al. (1985).

Several studies leave little doubt that
decreasing storage temperature and smc to a
definite threshold can increase seed longevity
and reduce the frequency of regeneration.
However, seed regeneration is eventually
inevitable.

High costs and risks of genetic changes
induced by repeated regeneration on the one
hand and disadvantages of genetic erosion
caused by delayed regeneration on the other
hand has caused researchers to estimate seed
longevity and thus to choose the right time for a
regeneration samples. There is no sufficient data
about trend of seed deterioration for more than
50000 seed accessions in the natural resources
gene bank of Iran. Therefore, it is very important
for the regeneration time to be estimated for

each accession. By determining this time (using
the constants), gene bank manger can design a
desirable program that firstly select the accession
which exactly needs regeneration, and secondly,
will reduce the costs. Finally, such research will
result in good conservation of plant genetic
resources which are stored ats seed banks.

Acknowledgments

This work was supported by the Iran
National Science Foundation (grant number
88001645) that is hereby appreciated. | also
kindly thank Professor Reza Tavakkol Afshari from
University of Tehran, for his valuable comments
as a project supervisor.

References

Conn, J.S., K. L. Beattie and A. Blanchard. 2006.
'Seed viability and dormancy of 17 weed
species after 19.7 years of burial in Alaska'.
Weed Science, 54(3), 464-470.

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

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

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

Ellis, R.H. and E. H. Roberts. 1981a. 'The
guantification of ageing and survival in
orthodox seeds'. Seed Science and
Technology, 9, 373-409.

Ellis, R.H., T. D. Hong and E.H. Roberts. 1989. 'A
comparison of the low-moisture content limit
to the logarithmic relation between seed
moisture content and longevity in twelve
species'. Annals of Botany, 63, 601-611.

Ellis, R.H., T. D. Hong and E.H. Roberts. 1990. 'An
intermediate category of seed storage
behaviour ? I. Coffee'. Journal of
Experimental Botany, 41, 1167-1174.

Gooding, M.J., A. J. Murdoch and R. H. Ellis.
2003. 'The value of seeds, Seed Technology



Estimation of seed viability constants for decisions in gene banking | 1149

and its Biological Basis (eds M. Black and M.
Bewley)', pp. 2-41. Sheffield Academic Press.

Harrington, J.F. 1972.' Seed storage and
longevity'. In Kozlowski, T.T. (Ed.), Seed
Biology, Volume 3 (pp. 145-240). New York:
Academic Press.

ISTA [International Seed Testing Association].
1996. International Rules for Seed Testing,
1996. Seed Science and Technology, 21,
(Suppl.): 288 p.

Kew royal botanical garden website, (2014)
available at http://www.kew.org/science-
conservation/save-seed-prosper/millennium-
seed-bank/ask-the-msb/fag/seeds-
live/index.htm.

Kraak, H.L. and J. Vos. 1987. 'Seed viability
constants for lettuce'. Annals of Botany,
77:251-260.

Kruse, M., K. Ghiasvand Ghiasi and S. Schmohl.
2005. 'The seed viability equation for
analyzing seed storage behavior'. 2005. A
ISTA Seminar on Statistics, University of
Hohenheim on August 29 to September 2.
Germany.

Leon-Lobos, P. and R. H. Ellis. 2003. 'Low-
moisture content limits for Nothofagus seed
longevity, pp. 785—-795'. In: R.D. Smith, J.B.
Dickie, S.H. Linington, H.W. Pritchard and R.J.
Probert (eds). Seed conservation: turning
science into practice. Royal Botanic Gardens,
Kew, UK.

Millennium Seedbank Project - Technical
Information Sheet 09 - Equilibrating seeds to

specific moisture levels:
http://www.kew.org/ucm/groups/public/doc
uments/document/ppcont 014353.pdf.

Plucknett, D.L.,, N.J.H. Smith, J.T. Williams and
N.M. Anishetty. 1987. 'Gene banks and the
world's food'. Princeton University Press,
Princeton, New Jersey. 247 pp.

Priestley, D.A., V. I. Cullinan and J. Wolfe. 1985.
'Differences in seed longevity at the species
level'. Plant Cell and Environment 8, 557-562.

Pritchard, H.W. and J. B. Dickie. 2003.' Predicting
seed longevity: the use and abuse of viability
equations, pp. 655-700". In: R.D. Smith, J.B.
Dickie, S.H. Linington, H.W. Pritchard and R.J.
Probert (eds). Seed conservation: turning
science into practice. Royal Botanic Gardens,
Kew, UK.

Sackville Hamilton, N. R. and K. H. Chorlton.
1997. 'Regeneration of accessions in seed
collection: a decision guide'. Institute of
Grassland and Environmental Research.
Published by International Plant Genetic
Resources Institute (IPGRI).

Smith, R.D., J.B. Dickie, S.H. Linington, H.W.
Pritchard and R.. Robert. 2003. 'Seed
conservation: turning science into practice'.
Royal Botanic Gardens, Kew, UK.

Tompsett, P.B. 1986. 'The effect of temperature
and moisture content on the longevity of
seeds of Ulmus carpinifolia and Terminalia
brasii'. Annual of Botany 57, 875-883.



http://www.kew.org/science-conservation/save-seed-prosper/millennium-seed-bank/ask-the-msb/faq/seeds-live/index.htm
http://www.kew.org/science-conservation/save-seed-prosper/millennium-seed-bank/ask-the-msb/faq/seeds-live/index.htm
http://www.kew.org/science-conservation/save-seed-prosper/millennium-seed-bank/ask-the-msb/faq/seeds-live/index.htm
http://www.kew.org/science-conservation/save-seed-prosper/millennium-seed-bank/ask-the-msb/faq/seeds-live/index.htm
http://www.kew.org/ucm/groups/public/documents/document/ppcont_014353.pdf
http://www.kew.org/ucm/groups/public/documents/document/ppcont_014353.pdf




