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1 Introduction

Various metabolic products, e.g, amino
acids, proteins, nucleic acids, sugars, etc.
ha\e been observed to be given off by some
seeds when immersed in water or placed in
moist surroundings. The nature of the substances has been studied by many authors
from different points of view, viz. Metzner
(1930), Kugler (1952), Schroth and Snyder
(1961), Schroth, Toussoun and Snyder
(1963), Schroth and Cook (1964), Agnihortti
and Vaartaja (1968), Ching and Schoolcraft
(1968), Abdul-Baki (1969), Koostra and
Harrington (1969), Abdul-Baki and Anderson (1970), McDonough and Chadwick
(1970), and also in our laboratory. Since the
leaching of substances seems to be connected with low liability of the seeds, a considerable number of methods for quick
determination of seed quality/germinability,
based on the specific properties of the
eluates, has been developed. The eluates
have mainly been studied in aqueous solution by a) physicochenzical methods, e.g.
by optical measurement of leached materials
(Hottes and Huelsen, 1927; Tatum, 1954;
Presley, 1958; Zlobin, 1971; etc.) or by
measuring electrical conductivity of the
water used for steeping (Fick and Hibbard,
1926; Thomas. 1960; Matthews and Bradnock, 1968; Bradnock and Matthews, 1970);
by b) biochemical methods, e.g. by determination of exudates of sugars (Flentje and

Saksena, 1964; Takayanagi and Murakami,
1968 and 1969 a, b), or by colour intensity
of KOH solutions in which the seed had
been placed (Lesage, 1911; Tolentino,
1924).
The information gained through these
studies has been, with some exceptions (see
Discussion), valid as an average for the entire seed sample immersed in the solution,
leaving the individual seed without evaluation. However, information about individual
variations among the seeds, depending on
seed age, health, injuries, genetic constitution, etc., may be valuable in practical seed
testing. Moreover, too little attention has
been paid to other eluates than sugar, e.g.
amino acids and proteins, as a possibly useful indicator in a seed viability test. Finally,
all the above-mentioned methods have been
developed for agricultural seeds, and there
is practically no information available about
forest seeds.
The aim of this paper is therefore to
study by biochemical methods the various
leachates from Scots pine seeds of different
viability, as well as the applicability of the
results in practical seed processing. The tests
will be carried out on individual seeds, or
more specifically on the eluate-spots which
each seed gives off on the blotter when incubated in a germinator.

Seed samples used in these investigations
a r e gi\ e n in Table 1.
Table 1 . Information about seed material used in experiments 1 t o 4.
No.

Locality

Year of
collection

Blyberg
Norrbotten
Fallforsin
Vasterede
Norrbotten
Striim, u m e i
Ersmark, Umeg
Logda
Harads
Nysater
Stugun
Fiskesjo
Ingabo
Golen
Floren
Harjeisjon
Mossebo
Hohult
Ingestorp
Fjellskafte
Ramsberg
Siirbo

1945
1945
1945
1945
1945
1945
1945
1945
1945
1949
1950
1968
1968
1968
1968
1968
1970
1971
1971
1971
1971
1971

Latitude
ON

Altitude
m

Germ. YO
21 days

Used in Experiment No.

3 Methods

3.1 Germination percentage
The test was carried out in Copenhagen
apparatus at 22°C temperature and 1000 lux
light, constant. In each sample 3 x 100 filled
seeds were tested during 21 days. The filled
seeds were selected with the help of the
x-ray radiographic method (Simak and Gustafsson, 1953).
3.2 Incubation of individual seeds
The seeds were arranged in rows on the
blotters, in order to keep them under individual control, and were then incubated in
single Copenhagen apparatus under different conditions of temperature, time, light,
etc., as indicated in the respective experiments. The incubation was carried out in a
climatechamber. For the determination of
substances given off by seeds, blotter No.
1701,
75 mm, Grycksbo Pappersbruk,
Grycksbo, Sweden was used.

0

3.3 Biochemical tests
General biochemical spray and colouring
methods were used, as given in the literature by Grassmann and Hannig (1950),
Block et al. (1958), Stahl (1969), Stensio and
Ekedahl (1969), Reinhold and Liwschitz
(1970). For simplicity we refer in this paper
to "the metabolic products" in the spots,
instead of using the more correct term "the
positive c)r negative reactions of the respective reagents" (e.g. "amino acids" instead of
"Ninhydrin positive"). Thus the nucleic
acids, though negative to Ninhydrin and
Amido black, were visible under 220 V
Philips shortwave UV on the dried blotters,
the amino acids were detected by spraying

the blotters with Ninhydrin Reagent, Art.
6758 Merck, consisting of 0.2 570 Ninhydrin
and 2.5 9'0 Collidin in isopropanol. After
spraying with this reagent, the blotters were
developed for 5-10
min at 100°C. For
proteins, Amido black, consisting of 7 g
Amido black+ 450 ml methyl alcohol+ 100
ml glacial acetic acid+ 450 ml H,O was
used. After 10 min colouring, the background was washed several times with the
same solution as above, but no Amido black
was present. A freshly prepared mixture of
0.5 ml anisaldehyde, 9 ml ethanol, 0.5 ml
conc. sulphuric acid and 0.1 ml glacial acetic
acid was used for developing sugars, which
appeared on the blotters after the sprayed
blotter had been treated for 5-10 min at
90-100°C. A Rhodamin B solution, consisting of 1.5 g Rhodamin B in 100 ml 95 %
ethyl alcohol, was used for demonstrating
the presence of higher fatty acids and lipids.
The pH reaction of the blotters on which
the seeds were germinated was studied by
means of Universal Merck pH solution. The
seeds were placed on the blotters soaked
with the indicator, and the pH changes of
the blotters were observed after 24, 72 and
96 hours. Iodine vapors were used to colour
double-bonds brown on ~7ellowbackground,
as follows: Crystals of Iodine were placed,
together with the paper to be developed, into a covered glass container which had been
immersed in hot water. The experiments
have shown that on the same blotter on
which the Ninhydrin test has been carried
out, the Amido black treatment may be
applied without complications. Thus the
exudates from nucleic acids (UV), amino
acids and proteins from a seed sample can
be studied on the same blotter (triplet-test).

4 Results

Various problems were studied in four experiments:

4.1 Evaluation of different biochemical
methods
Experiment 1
Seed samples used: No-s. 4 and 17.
Seed numbers and arrangement: 3 rows of
5 viable seeds (No. 17) alternating with 3
rows of 5 dead seeds (No. 4).
Conditions during incubation: 25°C tem-

Number
per cent

of

perature and 1000 lux light, constant. Incubation time between 1-96 hours.
The results of this experiment may be
summarised as follows:
1. Only dead seeds give off eluates on the
blotter. which can be identified by the
colour reagents described above. No such
eluates could be detected in the case of
viable seeds.
2. The visibility of the spots depends
upon the incubation time, but probably also
on other factors, e.g. temperature, quality
of the blotters, humidity. etc. For further

spots

Sample No.

70
Incubation

- temperature,

OC

Figure 1. The number of spots appearing at different temperatures during incubation. Experiment 2.

Table 2. Experiment 1: F= fresh seeds, No. 17, G dead seeds, No. 4.
"Metabolic products"
(cf. 3.3)

Colour reagent

Colour of spots

Stability

Spots in dead seeds
incub.
time h.

per cent

Ninhydrin
Merck Art.
No. 6758

Rose, later
violet to blue

Very good

3
15
24

5
95
100

Proteins

Amido black
10 B

Dark blue
to black

Very good

15
24

90
100

Double bonds etc.

Iodine
vapours

Dark brown
on yellow
background

Fading spots
can be
recoloured

24

100

Universal
Merck pH

Acidic (red)
later Basic
(blue)

Spots bleach
after few
hours

24

90

Nucleic acids etc.

Shortwave UV

Dark and
light blue

Very good

Fats and lipids

Rhodamine B

Dark red on
rose background

Very good

16

poor visibility

Sugars

Anisaldehyde

Rose on green

Bad

24

poor \-isibility

investigation, a 24-hour incubation will be
used, although this is not necessarily the
optimal time under all conditions.
3. Among the eluates tested, proteins and
amino acids seem to be promising for
further studies. In the following experiments main attention will be paid to the
protein spots.

variable

4.2 The influence of temperature during
incubation on the visibility of the
protein spots
Experiment 2
Seed samples used: No-s. 10, 1 1 , 13 and 22.
Seed numbers: 3 x 33 seeds per sample.
Conditions during incubation: Seeds in9

/A
m s ;
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Figure 2. Relationship betmeen the percentages of non-germinated seeds after 21 days and the
number of spots of seeds with different viability. The line EV (expected values) marks the
direct relationship between the Copenhagen and eluate test. Experiment 3.

cubated 24 hours at 4OC, 14"C, 27.5"C and
at 40°C in constant light (1000 lux), also at
50°C and 70°C in darkness.
The results illustrated in Figure 1 may be
interpreted as follows:
1. The viable seeds do not give off protein spots when the temperature ranges
from + 4°C to + 40°C during incubation.
2. The number of spots from the seeds
of low viability increases when the temperature ranges from + 4 " C to + 28°C. Between +2g°C and +40°C the number of
spots is rather constant.
3. Between incubation temperatures of
+ 40°C and + 503C, the number of protein
spots increases rapidly in all seed samples.
It seems that the viable seeds were injured
in this temperature range.

4. At temperatures higher than +50°C,
the number of protein spots decreased in all
samples; this is probably due to the denaturation of proteins.
5. The number of spots in seeds of low
viability never became equal to the number
of non-germinated seeds after 21 days (cf.
Table 1 and Figure 1).
6. A suitable temperature range for the
protein test seems to be between +30°C
and + 35°C.
4.3 Biochemical test for protein spots from
seeds of varying viability

Experiment 3
Seed samples used: No-s. 1-3,
18-22.

5-16

and

Table 3. Different eluate spots on the blotter from artificially damaged seeds.
Experiment 4.
Sample
No.

Uninjured
seeds*

3 x 33 seeds injured by pressing

acids

"

**

No. of non-

No. of mots

acids*"

Seeds did not shon any eluates on the blotters.
With reservation, because the spots are in some cases fuzzy.

Seed numbers: 3 x 33 seeds per sample.
Conditions during incubation: 24 hours at
+ 32°C in 1000 lux light, constant.
The analysis shows the following results:
1. Seed samples of the highest viability
(91-100
per cent germination) did not
leave any protein spots on the blotter.
2. There is a positive, non-linear correiation between the number of spots and the
number of non-germinated seeds after 21
days in Copenhagen apparatus. The number
of spots in seed samples of low viability is
lower than the expected values (EV) according to the Copenhagen test.
3. Great ~ a r i a t i o n swere often observed
among the replications of a sample. This

indicates a need for the study of other possible factors which may influence the test.

4.4 Biochemical test on mechanicaEly injured
fresh seed

Experiment 4
Seed samples used: No-s. 18-20 and 21.
Seecl numbers: 3 x 33 seeds per sample and
treatment were used for the biochemical
test.
Seecl treatment and incubation cot~ditions:
a) 'Jndamaged seeds, used as control.
b) Injured seeds: The seed coat was crushed
by pressing a pencil against the seed on
a hard surface.

Figure 3. The different appearance of protein spots A = aged seed?, 5 =artificially damaged
seeds. Experiment 4.

3 x 33 seeds per sample and treatment were
incubated a t 32°C for 24 hours at 1000 lux
light, constant.

Gerrninatiora test:
a) 3 x 100 undamaged seeds as control,
b) 3 x 100 artificially damaged seeds.
I n Table 3 are shown the results for the
biochemical test regarding nucleic acids
( U V + ) amino acids and proteins for undamaged and for artificially damaged seeds.
All three biochemical tests were carried out
on the same seed sample in the same order
as mentioned (triplet-test).
The results are as follows:

1. The artificially damaged seed loses
large amounts of protein, amino acids and
nucleic acids. The UV-spots and the Amido
black spots are relatively small, with very
sharp margins in damaged seeds, as compared with the spots from aged seeds (cf.
Figure 3).
2. Not all seeds which show U V and
amino acid spots have protein spots. This
may possibly indicate some differences in
the degree of damage. Analysis of the seeds
from this point of view will be continued.
3. The number of non-germinated seeds
is on the a\erage about 12 per cent higher
than the number of protein spots.

5 Discussion

This investigation had a practical aim,
namely to discover whether the biochemical
changes typical of aged forest seeds may be
applied as a ~iabilitytest. As regards the
biochemical processes in aged agricultural
seeds, there is a great deal of information
available. However, in forest seeds many
fundamental problems still await clarification before the practical questions may be
approached. Some research on forest seeds
in this connection is being carried out in
our laboratory. Dead Scots pine seeds can
be detected in Copenhagen apparatus as
early as 15-24 hours after the start of incubation. Under suitable conditions of humidity, etc., on the surface of the dead seed
a crystal clear droplet not larger than the
head of a pin may be observed. This "necrotic droplet" consists of many breakdown
products from the seed, e.g. proteins, sugars,
amino acids, fats, nucleic acids, etc.
By using an automatic amino acid analyser, we identified in the droplet a minimum of 16 amino acids, with the highest
amounts of alanine, threonine and phenylalanine (Pehap, unpublished). Also the
biochemical analyses of various parts of
Scots pine seeds (e.g. seed coat, various
parts of the embryo and endosperm)
showed differences between fresh and old
seeds. Preliminary results suggest that the
amounts of degradation products originating from DNA and R N A are present in
considerably higher amounts in aged seeds
than in fresh seeds (Pehap, unpublished).
This suggests that seed ageing is the result
of the denaturation of long-lived messenger
RNA, the presence of which is of importance in the early stages of germination (cf.
Roberts, 1972, intrinsic theories classified
to account for a loss of seed viability).
RNA-degradation, as demonstrated by biochemical analyses in our laboratory, agrees

also with observations from electron microscopic studies of polysomal RNA-destruction (Altschul, Yatsu, Ory and Engleman,
1966; (ipik, 1968; Mosse, 1968). All these
and other decay products leach out from
the seeds when the cell membranes weaken
and permeability increases in aged seeds.
Most of the viability tests mentioned in
the introduction are based on the physiochemical properties of the eluates in water
(conductivity, turbidity test, etc.). As regards the biochemical eluate test as an indicator of viability of individual seeds, there
is a lack of information, and only two tests
seem to be of interest in connection with
our investigation. Kugler (1952) tested some
Cruciferae seeds on moist paper, and found
a relationship between the number of fluorescent spots left by the seeds on the blotter,
and the germination percentage. Takayanagi
and Murakami (1968) tested the sugar eluates in water from individual seeds of Brassica napus. Different viability of each seed
was estimated by these authors by means of
a paper indicator commonly used for the
urine-sugar test in medical practice. The
differences in the coloration of the teststrip express the relative seed viability. The
method is discussed in Roberts (1972). The
authors also carried out a mass test for
sugar eluates from a whole seed sample.
However, the individual test-if well standardised and technically simplified-can give
more information about seed viability in a
sample than a mass test, where many uncontrolled factors may influence the results.
The decomposition processes in the ageing seeds occur successively, which seems
to be reflected in the biochemical differences of the eluates. According to the result
in Experiment No. 3 (I), the negative protein test is a good indicator of seed of high
germinability (e.g. the ten samples harvested

in the years 1968 and 1971-all with a germination percentage of about 100). However, the five seed samples from the year
1968 left more UV-positive eluates on the
blotter than another five seed samples harvested in the year 1971 (not presented in
Results). I t may be concluded-judging
from the UV-positive reactions-that
the
ageing processes in these seed samples stored
for three years have already started. However, the UV-positive reactions in this case
are not connected with a lower germination
of seeds, as in the experiment by Kugler,
who states that the number of fluorescent
spots o n the blotter fitted well with the
number of nongernlinated seeds. This may
possibly indicate some interspecific difference in the aged seed metabolism, or biochemical differences in the leached UVpositive substances.*
Of the substances which we have tested,
the proteins seem to have a promising diagnostic value for estimation of seed viability;
the large protein molecules a r e less mobile
than other leached substances. Consequently, the protein spots on the blotter become
very distinct and concentrated. As against
this, the amino acids have higher Rf-values
than the proteins, which results in fuzzy
spots. Not all seeds which show protein
spots leave amino acids spots o n the blotter,
and vice versa. Whether this is due to
shortcomings in the technique o r whether it
is bound u p with a biological phenomenon,
must be further clarified with the help of
additional analyses. T h e correlation between
the germinated seeds and eluates will be
much improved if many substances in a
spot are tested. Such a multiplet-test was not
used in our investigation because of the difficulties, already mentioned, in judging correctly the fuzzy spots of amino acids. However, there is good reason to believe that

* Our recent experiments in d ~ i c l ifresh and
aged seeds \vere eluated, one by one in 100
microliter mater in Pasteur pipettes for 24
hours and the eluate chromatographied, showed
that UV positi~e substances-though perhaps
qualitatively different-~vere present in the
eluates of most investigated seeds, irrespective
of whether these were aged or fresh.

these disadvantages can be eliminated with
a better incubation technique. As with other
tests, it seems that even the iodine-test may
be used successfully after some modification.
The seeds with damaged coats lose different substances, as has been shown in our
Experiment 4. Schroth and Cook (1964),
using the filter paper method, also observed
an increased leaching of exudates (silver
nitrate positive and IVinhydrin positive reactions) from bean seeds with cracked coats.
Higher amounts of sugar exudates have
been found from artificially damaged pea
seeds (Flentje and Saksena, 1964). Seeds of
Pinus sp. can easily be damaged during
processing, especially during dewinging. T h e
damage is often very slight and inconspicuous. I t may not decrease the germinability
of the seeds, if these are tested in the laboratory immediately after the injuries have
been caused; and if the damage is not too
serious. However, such seeds are unsuitable
for storage, because they will lose their
viability very soon (Huss, 1956). This indicates that it is necessary to pay close attention to mechanical damage to seeds, and
that the germination test in Copenhagen
apparatus alone is not always sufficient for
this purpose. A n eluate test, together with
the gernlination laboratory test, would
therefore be useful in all cases where a seed
sample is intended to be stored for any
length of time.
From the results of our experiments it is
evident that the aged or injured Scots pine
seeds release different substances to the
blotter, which are detectable b57 relatively
simple and crude chemical methods. T h e
method is attractive, since the relationship
between germinability and the eluates can
be studied directly on the same seed. Differences in eluates could be used for analytical
purposes, if it could be proved that they
reflect differences in viability of the seeds.
In this connection, a comparison between
the differences in eluates and BaC12-impregnation on the same seed by the use of
the XC-method (regarding the XC-method
see Simak, 1957) could provide valuable information about the location of the deterio-

rated parts in a particular seed. However,
the improvement and standardisation of the
eluate test is necessary. First and foremost,
it is desirable to work out a test method in
which the number of spots corresponds directly with the germination test in Copenhagen apparatus. In Expt. 2 we have shown
how the number of spots in a seed sample
depends upon the temperature during incubation. Similar relations may also exist

for other factors, e.g. humidity, pH of the
substrate, incubation time (cf. McDonough
and Chadwick, 1970), etc. In particular, a
better quality of blotter should be chosen
(possibly chromatography paper). The seeds
should have a better contact with the underlay. An incubator different from the Copenhagen apparatus should be used, to avoid
the loss of eluates to the underside of the
blotter, etc.

6 Practical aspects

The leaching of eluates from aged or damaged seed leads also to other practical considerations. The eluates are very attractive
to fungi and probably also to bacteria, judging from the pH changes in Experiment No.
1. The explosive development of fungi on
aged seeds can be well observed in Copenhagen apparatus after a few day's incubation. In soil the seed eluates often become
a nutritional substrate for many microorganisms which may attack the seeds and
seedlings. In agriculture there are some
good examples of this, viz. Schroth and
Cook (1964) on beans. Matthews and Whitbread (1968) in peas, Presley (1958) in cottons. As far as forest seeds are concerned,
Agnihortti and Vaartaja (1968) examined
the exudates from Pinus resinosa seedlings
in relation to germination and the growth
of zoospores of Pythium afertile, and found
that some substances stimulated and other
inhibited zoospore growth.
Nurserymen often complain of the difficulties of relating the laboratory germination test to the field test. Although there is

no chance of finding a test which is universal to all kinds of field conditions, the
eluate test, together with the germination
test from laboratory analyses, can give a
better picture of seed viability than the
laboratory test alone. Bradnock and Matthews (1970) suggested, for instance, a
method for predicting field emergence potential, by using conduction measurement
and seed weight in peas. The conduction
test correlates better with the field test than
does the laboratory test. Finally, if one has
good information about the biochemical
processes in ageing seeds, steps may be taken
to enhance the quality of stored seed-for
instance, the use of the ethylene treatment
(Takayanagi and Harrington, 1971). By the
use of some chemical pretreatment of seeds
to be stored the deterioration processes can
be inhibited (cf. Crocker and Barton, 1957).
Although the results in this paper are
based only on pilot studies, it is to be expected that further investigation in this field
will provide useful help to the practical testing of forestry seeds.

7 Summary

The eluates from aged and injured seeds of
Pinus silvesrris L. were studied in relation
to the viability of the seeds and to some
practical considerations. The results can be
summarised as follows:
1. Fresh, highly viable seeds do not lose
any of the investigated substances to the
surroundings during the pre-emergence
stage.
2. T h e aged seeds and fresh but damaged
seeds, lose during the pre-emergence stage
various substances (nucleic acids, amino
acids, proteins, sugars, fats, etc.) to the surroundings.
3. These substances can be identified by
simple biochemical methods directly on the

blotter on which the seeds have been incubated for about 24 hours.
4. Some of these tests, especially amino
acids and proteins, when standardised and in
conibination with the germination test in
laboratory, promise to be a useful viability
test for aged and damaged seeds. I t is desirable to develop a test in which more than
one of the substances in a spot of a seed is
considered.
5. The fundamental biochemical processes
in the aged forest seeds should be studied
more intensively, to improve many procedures during practical seed processing (storage, sowing, etc.).
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Sammanfattning

Urlakade frosubstanser pH groningspapper - ett grobarhetstest?

Ur tallfro med 15g vitalitet urlakas vid groningen olika substanser (s.k. eluater, t.ex.
aminosyror, proteiner, nukleinsyror, fetter,
socker etc.). Hos farskt, vitalt fro har forekomsten av sidana produkter ej observerats.
Det har visat sig att dessa substanser kan
analyseras pa groningspapper, pa vilket froet
har inkclberats under ca 24 timmar i Jacobsens apparat. De farglosa eluatema kan
fargas med olika reagenser, vilka vanligen
anvinds vid papperskromatografiska undersokningar.
Eluaternas egenskaper har studerats i
fyra experiment. Foljande resultat har erhgllits:
Experiment I (tab. 2): De basta fargreaktionerna hos eluatflackar har Astadkommits
med amidosvart (proteiner) och med ninhydrin (aminosyror).
Experiment 2 (fig. 1): Den kvantitativa
och kvalitativa franlkallningen av proteinsubstanser ar beroende av inkubationstid,
temperatur etc.
Experiment 3 (fig. 2): Bevis har erhgllits
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for att nagra proteinsubstanser ej lakas ur
tallfro med hog grobarhet. Fro med 1Bg vitalitet lamnar diremot alltid proteinflackar
pB groningspapperet. Antalet framkallade
fargflackar ar emellertid lagre an antalet
"ej grodda fron" i de olika froprov som har
testats i experimentet. Korrelationen kunde
eventuellt ha forbattrats om varje eluatflick hade underkastats flera olika test
(t.ex. med UV, ninhydrin, amidosvart).
Experiment 4 (fig. 3 och tab. 3): Artificiellt, mekaniskt skadat fro med hog grobarhet lamnar ocksi eluatflackar p i groningspapperet, men flackarna skiljer sig i v i s a
fall kvalitativt fr2n dem som Iamnas av
normalt fro.
Dessa orienterande forsok visar att det
vore vart att mera utforligt och systematiskt
studera sambandet mellan eluategenskaper
och froets vitalitet. En praktisk nletod for
hestarnning av froets vitalitet skulle kunna
utarbetas. I diskussionen har Zven omnamnts andra aspekter p i vad ett sidant
vitalitetstest skulle betyda for den praktiska
hanteringen av skogsfro.

