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Abstract
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Samaras of Russian elm when collected fully ripe can be stored after partial dry-
ing to a moisture content of about 10%, in sealed containers at —1° to —3°C for
a period of 5 years without loosing the initial high germination capacity (90%).
After 6 years of storage the germinative capacity declined to 70%.
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INTRODUCTION

Russian elm belongs to the small group of woody plants in the Tem-
perate climate which flower and produce fully ripe seeds in the spring
of the same year. This phenological property results in that in natural
conditions seeds of the species easily loose their viability if after falling
they do not find favourable conditions for germination. Seeds of elm
collected somewhat earlier, that is before full ripeness (collected green)
and stored loose their viability already after a few weeks (Tys z-
kiewicz 1949).

Seeds of some elm species, such as Ulmus amencana L. or U. pumila
L. can be stored without loss of viability for several years in sealed
containers at 2 - 5°C and with a low moisture content of 3-8% (Bar-
ton 1939, Heit 1967). Krstic (1950) stored seeds of U. campestris L.
in sealed jars and in an exiccator over calcium chloride for 10 months
at room temperature. The initial high germination capacity of fresh
seeds declined after storage to 30% of the initial value. Seeds which
were air dry and covered with paraffine have during the same time
period lost their viability altogether.

Information concerning storage of Russian elm seeds is comparatively
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small. Sus (1925) stored air dry seeds of this species at room tempera-
ture and found that after 6 months the seeds were still alive. Tysz-
kiewicz (1949) recomended that fully ripe seeds of this elm be stored
dry and that three months before spring sowing they be subjected to
a warm stratification.

The methods of storing seed of Ulmus laevis suggested so far (Tysz-
kiewicz 1949) are based on insufficient study and do not ensure the
maintenance of seed viability longer than over the first winter after
collection. From the studies of \Vincent (1960) it appears however that
seeds of Russian elm can be stored for 3 years without less of germinat-
ion capacity. Thus it was considered of interest to study the conditions
for satisfactory storing of these seeds for at least 5-6 years. The need’
for investigating long term storage of seeds of this elm are also associat-
ed with the considerable importance of this species in urban green
areas in view of its considerable resistance to air pollution and the
highest of all elms resistance to the Dutch elm disease (Bugala 1979).

MATERIALS AND METHODS

Samaras have been collected on June 9th 1980 during a dry and
sunny weather from a single tree in Kornik. At collection time the
samaras contained 22.9% of water in their fresh weight (determined
by weight after drying at 105°C for 24 h). After partial drying at room
temperature to 14.1%, 11.8% and 9.8% the seeds were placed in seald
bottles and stored at 3°C, —1°C and —3°C.

Seed germination tests (in whole samaras) were conducted on a Ja-
cobsen’s germinator at a temperature of 20°C m 4 replicates with 50
seeds each. This was done at the beginning of the experiment and after
4, 0 and 12 months of storage and thereafter till the end 3rd year at 6
months intervals and till the 60th month of storage every 12 months.
The last lot was tested after 70 months of storage.

Initially the study was planned for 3 years, and thus for the seed
testing, samples were taken from bottles which were not opened. After
3 years of storing for the consecutive germination tests seeds were ta-
ken from bottles from which already once, twice or three times seeds
have been taken for testing. This was possible because the seeds part-
ially dried to various levels of water content have been placed in the
storage bottles in excessive quantities.

In the vear 1980 the germination was tested of both fresh and partially
dried to 14.1% of moisture content. For these tests use was made
of seeds extracted from the pericarp and of whole samaras, which
have been chilled on moist filter paper for 0, 4, 6 and 8 weeks at
3°C prior to transfer to Jacobsen’'s germinators at 20°C. These expe-



STORING OF RUSSIAN ELM SEED OVER MANY YEARS 299

riments were aimed at testing whether in the fully ripe seeds of Russian
elm it is necessary to employ a cold stratification similarily as is practi-
ced for other elm species e.g. U. rubra Muhl., or U. serotina Sarg.
(Brinkman 1974).

In the spring of 1984 (after 48 months of storage), besides a labora-
tory germination test, the seeds were also subjected to a seedling emer-
gence test in a nursery. The samaras were sown in a complete block
design into furrows pressed into the soil to a depth of 0.5 cm and co-
vered with sand, the sowing being shaded to prevent the drying of the
soil (Bartels 1982). For comparative purposes, together with seeds
stored for 48 months, fresh seeds were sown (collected in 1984 from
the same tree), partially dried to 10.2% of water content. It needs to
be mentioned that 1984 was not a good seed year for Ulmus laevis.

RESULTS

The germinative capacity of freshly collected Russian elm seeds left
in whole samaras was high, amounting to 84.5- 91.0%, while the seeds
taken out of the samaras germinated 99.5%. The remaining seeds dacay-

Fig. 1. Course of germination of freshly collected Ulmus laevis L. seeds (A) re-
moved from samaras (open circle) or left in samaras (black circle) and of seeds
left in samaras and chilled on moist filter paper at 3°C (B) for 2, 4, 6 and 8 weeks
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ed during the germination tests. Seeds deprived of the pericarps germi-
nated already in the first day of the test while for seeds left in the
samaras the onset of germination occured during the second day after
being sown on filter paper.

Samaras sown on moist filter paper and maintained for 2, 4, 6 or 8
weeks at 3°C did not germinate in that temperature. After transfer to
20°C they germinated as early and as fast as fresh seeds extracted from
the samaras. (Fig. 1). Thus it appears that subjecting of U. laevis seeds
to any kind of stratification is pointless.

After 4 months of storage of whole samaras at the three levels of
initial water content in sealed bottles and at three different storage
temperatures no loss of seed germination capacity was observed. Also
the germination capacity did not decline over 24 months for the seed
stored at —1° and —3°C. Those stored at 3°C have had the first signs
of loss of germinability already after 8 months and much more clearly
after 12 months of storage of samaras with the highest initial moisture
content (14.1%). Seeds in samaras with a lower -water content germinat-
ed after 12 months of storage at that temperature still at an unchanged
level. A slow and systematic lowering of seed germinability of the seeds
with highest hydration (14.1%) stored at —1° and —3°C was observed
only after 18 months of storage. After 42 months of storage at —1°C
these seeds germinated only about 10% and those stored 48 months at
—3°C only 7%. After 60 months of storage in these conditions the seeds
have lost their germinability altogether (Fig. 2).

The storage at 3°C of Russian elm samaras dried to 9.8% of moisture
content contributed also to the loss of germinability of the seeds after
60 months. Only samaras with the 11.8% and 9.8% moisture content
stored at —3°C for 60 months continued to germinate at the same level
as fresh, not stored seeds (Fig. 2). However after a further 10 months

Table 1

Germination capacity and seedling emergence of freshly collected
seeds and of those partially dried to various levels of moisture content
and stored over 48 months

. Moisture content of sa- X Field (1984
Year of Storagitlr_ne maras in % Lab. germi- seed(ling )
collection & —¥Cin before after native capa- emergence in
months city in %
storage storage %
0 14.1 - 88.5 -
0 118 - 84.5 -
0 9.8 - 91.0 -
1980 48 141 12.9 7.0 1.0
48 11.8 12.3 79.5 12.0
48 9.8 9.8 84.0 10.8

1984 0 10.2 - 875 16.5
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Fig. 2. Germination capacity of Ulmus laevis L. seeds stored after collection in whole samaras in a partially dried state to 14.1%,
11.8% and 9.8% of moisture content at a temperature of 3°, —1° and —3°C in sealed containers, or in periodically opened ones
once, twice or thrice in order to take seed samples
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of storage in the latter conditions (i.e. after 70 months) the germinative
capacity declined substantially and it was then 70%.

The extended time of storage of Russian elm samaras was accompa-
nied by the appearance of a small number of seeds germinating abnor-
mally in the germination test. The proportion of these seeds did not
exceed 5%.

The high germination capacity of Ulmus laevis seeds stored 4 years
(48 months) was accompanied by a relatively low, about 7-8 times
smaller capacity for seedling emergence in field conditions. The seedling
emergence from fresh seeds in the field was on the level of about 5
times lower than the germinative capacity in laboratory tests (Tab. 1).

DISCUSSION

On the basis of the results obtained it can be said that seeds of
Ulmus laevis destined for storage should be prepared for the purpose
according to the general rules for seed storage of most woody plant
species (Stein et al. 1974). The most favourable storage conditions for
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these seeds proved to be when after drying whole samaras after collect-
ion to 11.8% or 9.8% of moisture content in the fresh weight they were
placed in sealed containers at a temperature of —3°C. After 5 years
of storage in the above mentioned conditions (after 3 years the further
germination tests were made on material held in bottles that were 1-,
2- or 3-times opened) the seeds germinated at a level unchanged rela-
tive to the initial one and provided normally growing seedlings (Fig. 3).

The large discrepancy between the laboratory germination capacity
and the field seedling emergence for Russian elm seeds in 1984 was
probably associated with the very unfavourable weather conditions in
June of that year. The recommended germination temperature for
seeds of this species is within the range 20 -30cC (ISTA 1976), while
the average daily maximum temperature for June of that year was
19.3°C and the average daily minimum temperature was only 10.4°C.
The use of shading of nursery beds probably resulted in the soil tem-
perature at the level of the seeds being even several degrees lower. The
results of seedling emergence in the nursery (Table 1) substantially
differ from the seedling yield reported by Tyszkiewicz and O b-
minski (1963) for field conditions, amounting to 40- 70% for Ulmus
laevis. According to the USDA Forest Service (Stein et al. 1974) out of
living seeds sown into the ground one can expect only 5- 12% of seed-
lings suitable for transplanting.

The recommendation of Tyszkiewicz (1949) that the samaras
of Russian elm be placed in a pit in a ,,warm” condition three months
before spring sowing in the nursery does not appear to be justified
and may lead to premature germination of the seeds. Both fresh and
stored seeds germinate very early and fast when placed on Jacobsen’s
germinators at 20°C.

The range of temperatures of —4°C to —10°C recomended for the
storage of elm samaras by Schodnborn (1964) fully maintains the
germinability of seeds for one year and is justified economically. The
maintenance of a high germination capacity of seeds after storage re-
quires according to that author that seeds used for storage be partially
dried and collected before full maturity. Tyszkiewicz (1949) is of
the opposite view. He claims that the seeds used for storage should be
fully mature because in the case of collection of green material it would
be difficult to determine the degree of maturity in the various years
of collection.

Vincent (1960) stored samaras of Russian elm partially dried after
collection to 9-11% of moisture content (partial drying took 48 h at
30°C) in sealed containers at a temperature of 2 - 4°C for 3 years. He
did not observe any loss of germinability of so stored seeds. In the
conditions of the experiment described here the regime most close to
the conditions Vincent (1969) had | have found a 10% loss of ger-
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minative capacity (9.8% of moisture content and 3 years of storage at
3°C). Longer storage of samaras of this elm in such conditions led to
a complete loss of germinative capacity (Fig. 2).

The most favourable conditions for the storage of Russian elm sa-
maras appear to be: partial drying to 10% of moisture content and sto-
rage in sealed containers at —3°C. These conditions ensured that ger-
mination capacity was maintained over 5 years at a level equal to that
for fresh seeds. Longer storage, beyond 5 years, contributed to the

lowering of the germination capacity of the seeds.
Accepted for publication 1987.

LITERATURE

1. Barton L. V, 1939. Storage of elm seeds. Contrib. Boyce Thompson Inst.,
10 (2): 221 - 233.

2. Bartels A, 1982. Rozmnazanie drzew i krzewoéw ozdobnych. PWRIL, War-
szawa.

3. Brinkman K., 1974. Ulmus L. Elm. Agriculture Handbook No. 450. Forest
Service, U.S. Department of Agriculture, Washington, D ,C.

4. Bugala W, 1979. Drzewa i krzewy dla terenéw zieleni. PWRIL, Warszawa.

5. Heit C. E., 1967. Propagation from seed Part 8. Fall planting of fruit and
hardwood seeds. Am. Nurseryman 126 (4): 12-13.

6. ISTA, 1976. Seed Science and Technology. Proceedings of the International
Seed Testing Association. International Rules for Seed Testing 1976. Vol. 4,
No 1.

7. Krstic M., 1950. Doprinos proucavaniju konzerviranja brestovog semena
(Ulmus campestris L.). Rad. Inst. Nauc. Instaz. Sum., Beograd, No 1. 53-61.

8. Schénborn A, 1964 Die Aufbewahrung des Saatgutes der Waldbaume
Munchen.

9. Stein W, Slabaugh P, Plummer A, 1974. Harvesting, Processing and
Storage of Fruits in the United States. Agriculture Handbook No. 450. Forest
Service, U.S. Department of Agriculture, Washington, D.C.

10. Sus N., 1925. Pitomnik.

11. Tyszkiewicz S., 1949. Nasiennictwo lesne. IBL, Warszawa.

12. TyszKiewicz S, Obminski Z., 1963. Hodowla i uprawa lasu. PWRIL,
Warszawa.

13. Vincent G., 1960. Skladovani semen listndcu v uzavrenych lahvich. Shorn.
CS1. Akad. Ved (Lesn.), 6 (1): 31-46.

Wieloletnie przechowywanie nasion wigzu szyputkowego (Ulmus laevis Pali.)

Streszczenie

Skrzydlaki wigzu szyputkowego zebrane w stanie petnej dojrzatosci z drzew,
podsuszone do 14,1%, 11,8% i 9,8% wilgotnosci, przechowywano w szczelnie zam-
knietych pojemnikach w 3°, —1° i —3°C. Najdtuzej, bo przez 5 lat bez spadku
poczatkowo wysokiej zdolnosci kietkowania (90%) przechowywano nasiona w —3°C
podsuszone do 9,8%. Po 6 latach przechowywania zdolno$¢ kietkowania tych nasion
obnizyta sie do 70%.
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MHoroneTHee xpaHeHue ceMsiH BsAsa rnagkoro (Ulmus laevis Pall.)

Pesrome

KpblnaTkn BsA3a rnagkoro cobpaHo C [epeBbeB B COCTOSHWW MOSHOM CMenocTu,
noacyweHo o 14,1%, 11,8% wn 9,8% BA&XKHCTM WM XpaHWIN B MJIOTHO 3aKPbITbIX
emkocTax B 3°, —1° n —3°C. [onblie Bcero (5 neT) xpaHuau 6e3 noTepu Mepso-
Ha4ya/lbHO BbICOKOI CnocobHocTM mpopacTaHus (90%), cemeHa B —3°C, MOACYLLEH-
Hble g0 9,8%. Uepe3 6 neT XpaHeHWs CMNOCOGHOCTb 3TWMX CEMSH K MPOPacTaHuio
noHusnnace fo 70%.

* ABTOp: T. TblIbKOBCKMU.
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