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Summary

In the years 1996-1997 the experiments were carried out on methods to investi-
gate seed vigour of tassel flower (Amaranthus caudatus L.), sand pink (Dianthus chi-
nensis L.), babies’ breath (Gypsophila elegans M.B.), sweet pea (Lathyrus odorathus
L.), African marigold (Tagetes erecta L.) and zinnia (Zinnia elegans Jasq.). The main
goals of this research were to specify conditions for accelerated ageing (AA) of the
seeds of a few selected ornamental plant species and to choose the most appropriate
methods for their seed vigour evaluation in the laboratory and greenhouse conditions.
All used in the experiments seeds came from the commercial seed lots from Polish
seed company. Evaluation was carried out on the seed samples with high and low
vigour. The latter ones were received through subjecting the seed samples to AA, i.e.
by placing them in 100% relative humidity (RH) at 44°C, except African marigold — at
42°C, in the darkness and keeping them for 144, 88, 100, 48, 72 and 72 hours, respec-
tively. The tested seed vigour estimated methods included the Germ’ s method, the
2,3,5-tripheny! tetrazoilum chloride (TTC) method and the test of plant emergences in
the greenhouse. The high vigour seeds samples were used as a check. The Germ’ s
method was found to be useful to evaluate sand pink, babies’ breath and African ma-
rigold seed vigour, whereas the TTC method was found to be suitable for vigour eva-
luation of sand pink, babies’ breath and zinnia. At present stage of our knowledge
about seed vigour, the plant emergences in the greenhouse method was found to be the
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best for evaluation of seed vigour of tassel flower, sand pink, babies’ breath, sweet pea
and zinnia. It is reasonable to combine a few methods of seed vigour evaluation for
ornamental plant species.
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Abbreviations:
AA -accelerated ageing, RH -relative humidity, TTC - 2,3,5-triphenyl tetrazolium
chloride, ISTA - International Seed Testing Association

INTRODUCTION

In the routine seed testing there has been constant search for additional, more
precise parameters for evaluating seed quality. One of them could be seed vigour. The
percentage of American seed laboratories conducting vigour tests has increased from
52in1978t075in 1990 (Copeland, McDonald, 1995). Out of many tested
seed vigour estimation methods, the conductivity and accelerated ageing (AA)
methods seem to get the biggest attention from the seed analysts. Despite the already
known methods, there has been also a continuous search for new methods based on
biological markers, low molecular weight heat-shock proteins and ethylene produc-
tion(Halmer, 2000;Groot etal., 2000).

Fay et al. (1993) reported that bulk conductivity and AA tests can be used to
evaluate the seed quality of Rudbeckia fulgida and other herbaceous perennial seeds.
Kuo etal. (1996) successfully used the TTC test to determine the viability of Salvia
splendens and Salvia farinacea seeds. Previous research by Hotubowicz et
al. (1997) has shown that gold poppy, China aster, garden balsam and stock gillyflo-
wer seed vigour can be measured using the Germ’ s, TTC or emergences in the green-
house methods.

The main objective of this study was to seek, if these three methods can be also
used to evaluate seed vigour of other ornamental plant species.

MATERIALS AND METHODS

Seeds of six ornamental plants species were used in the experiments. All of
them came from commercial seed lots from the Polish seed company ,, Torseed” S.A.
located in Toruni (Northern Poland). The 6 tested species were: tassel flower (Amaran-
thus caudatus L.), sand pink (Dianthus chinensis L.), babies’ breath (Gypsophila ele-
gans M.B.), sweet pea (Lathyrus odorathus L.), African marigold (Tagetes erecta L..)
and zinnia (Zinnia elegans Jasq.). Their seed quality met Polish standard criteria for
ornamental plants (A n o n., 1990).
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The (AA) test. A single layer of seeds was placed on a gauze screen tied up with
a small basket and put into a glass container over 40 ml of distilled water. Then, the
containers with the seeds were put into a thermostat at 42°C or 44°C + 1°C and 100%
relative humidity (RH) in the darkness for 48, 72, 88, 100 and 144 hours. Neither
temperature of the AA test nor the time needed for lowering the seeds’ germination
capacity were known before starting the experiments. After exposing seeds to AA,
they were put on the routine germination test following ISTA rules (An on., 1979).
The used in the experiments seeds with low vigour were received by placing the com-
mercial seeds at 100% RH at 44°C, except African marigold — at 42°C, in the darkness
and keeping them for 144, 88, 100, 48, 72 and 72 hours, respectively.

Vigour estimation. Seeds of the investigated plant species of low vigour were
received by subjecting them to the AA. The high vigour seeds were the check. Seed
vigour in the laboratory was investigated by two methods: measuring seed viability
(TTC) and by the Germ’s method, whereas in the greenhouse — by evaluating the plant
emergences. In the Germ’s method, seeds were treated as described by Perry (1987)
and Hotubowicz etal. (1997). Both high and low vigour seeds of each species
were run in 4 replications and each of them consisted of 25 seeds. All the paper blotter
tubes with the seeds were placed vertically in a bucket with water and were put in the
darkness at 20°C. After 14 days, the tubes were unrolled and germs were counted. Ten
seedlings of each species, which had the largest root length in each replication, were
evaluated and their selected characters - measured. These were: the length of hypoco-
tyl, root and whole seedling as well as fresh and dry weights of 1 plant. The dry
weights were described after drying the plants for 2 hours at 102 + 1°C.

The TTC test. For each of the tested species, 3 replications, 50 seeds each, were
used for both high and low vigour seeds evaluation. The used method followed the
TTC ISTA instructions (Anon., 1985). Seeds were first soaked in water of the room
temperature for 18 hours, then prepared for staining. They were then processed either
by cutting or puncturing them (Fig. 1). Then, the seeds were soaked in 1.0% solution
of TTC at 30°C for 24 hours, except tassel flower seeds, which were soaked at 34°C.
After that, seeds were evaluated to distinguish the number of alive and dead seeds.

Plant emergences in the greenhouse. All seed samples of high and low vigour
were sown in the greenhouse at 15/20°C. They were tested in 4 replications, each of 50
seeds. Plastic trays of 39.5 cm x 19.5 cm were filled with peat and sand, mixed at the
volume ratio of 3: 1 and then the seeds were sown. Since first emerged plant, seedlings
were counted every day at the same time until no new seedling emerged.

Statistical data analysis. The statistical calculations were done separately for
each of the tested species. All received data were analysed calculating variance and
significant differences by using the Duncan’ s range test at 5% level of significance.

RESULTS

The AA test. Results received from the standard germination tests had indica-
ted that the seed germination capacities of 6 tested species, which were used as high
vigour seeds, ranged from 77.7% to 94.6% (Table 1). After the AA, in different condi-
tions, depended upon the tested species, seeds’ vigour was generally lowered. This
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affected the seeds germination capacities, which in all of the species decreased signi-
ficantly. These seeds, which were effectively processed through the AA, had lower
vigour than the check seeds (Table 1).

Table 1. Mean germination capacities (%) of the 6 ornamental plant species with high (H) and
low (L) seed vigour. The low vigour seeds were first subjected to the AA at 100% RH,
at 44°C (African marigold — 42°C) for 144, 88, 100, 48, 72 and 72 hours respectively

Species
Seed vigour | tassel sand babies’ sweet African zinnia
flower**** pink breath pea marigold
H* 94.6 b *%* 873b 903 b 92.0b 77.7b 80.6b
L** 88.6a 48.0a 442 a 76.3 a 35.1a 347a

* H - high vigour seeds i.e. the check seeds.
## L — low vigour seed, i.e. seeds subjected to the AA.
#** means followed by same letters are not significantly different
at o = 0.05 level by Duncan’ s range test.
*#%% the statistical calculations were done separately for each of the tested species.

Vigour estimation. Out of three tested seed vigour estimation methods, none of
them was found to be definitely better than others.

The Germ’s method. The carried out experiments showed that in 5 species, out
of 6 tested, there were significant differences in their seedlings characters between the
plants received from the seeds of various vigour (Phot. 1). The low vigour seeds of
African marigold and sand pink gave seedlings with shorter hypocotyls than high vigour
seeds (Table 2). The seedlings received from low vigour seeds of babies’ breath, sweet
pea and zinnia developed shorter roots than the seedlings received from high vigour
seeds, whereas seedlings grown out from low vigour seeds of sand pink, babies’ breath,
African marigold and zinnia were shorter than those received from high vigour seeds.
Seedlings grown out from low vigour seeds of sand pink, babies’ breath, sweet pea and
African marigold had lower mean fresh weight of one plant than the seedlings from the
high vigour seeds. The seedlings grown out from low vigour seeds of sand pink and
African marigold had lower mean dry weight of one plant than those grown out from
high vigour seeds (Table 2). The received results showed that these differences were in
varying and large degree dependent on the tested species. For tassel flower, no differen-
ces in characters of the seedlings received from high and low vigour seeds were found.
The biggest differences in characters of seedlings received from the seeds of high and
low vigour were found for sand pink and African marigold (Table 2).

The TTC method. The carried out experiments showed a relationship between
the viability of seeds of 4 (out of 6 tested) species and their seed vigour (Table 3). For
sand pink, babies’ breath, African marigold and zinnia seeds, the lowering of seed
vigour was accompanied by significant decrease in the number of alive seeds and at
the same time — the significant increase in the number of dead seeds. The percentage
of alive seeds, in the high vigour seeds, varied from 65.5 to 94.1, whereas the percen-
tage of dead seeds — from 5.9 to 34.5. The percentage of alive seeds, in the low vigour
seeds, varied from 0.2 to 91.1, whereas the percentage of dead seeds — from 8.9 t0 99.8



Table 2. Effect of high (H) and low (L) seed vigour of 6 ornamental plant species on their selected plant characters in the Germ’s test

Species
Characters seed tassel sand babies’ sweet African zinnia
vigour flower*s*** pink breath pea marigold

Mean length of hypocotyls (cm) |H * 4.73 ard* 230b 4.52a 19.15a 5.87b 7.29a

L, & 449 a 1.81a 3.68a 1946 a 470a 6.98 a
Mean length of root (cm) H 2.94 a 337a 6.25b 15.86b 6.29 a 7.08b

L 293 a 280a 517 a 1258 a 581a 520a
Mean length of whole seedling |H 7.67 a 5.67b 10.76 b 38.84a 12.20b 1437b
(cm) L 7.35a 3.88a 903 a 3238 a 1051 a 12.18 a
Mean fresh weight of 1 plant (g) |H 0.0075 a 0.0098 b 0.0088 b 0.4708 b 0.0347 b 0.0802 a

L 0.0071 a 0.0051 a 0.0045 a 0.3585a 0.0229 a 0.0740 a
Mean dry weight of 1 plant (g) H 0.0003 a 0.0006 b 0.0005 a 0.0514a 0.0015b 0.0026 a

L 0.0003 a 0.0003 a 0.0005 a 0.0539 a 0.0011 a 0.0091 a

* Rk ki kx%k _ for explanation see Table 1
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Table 3. Effect of seed vigour of 6 species of ornamental plants on their viability (%) measured by the TTC method

Seed viability

Species Time of soaking | Time of staining | Temperature of staining Seed preparation Seed vigour [g4live sceds | dead seeds
(h) (h) (°C) method
tassel 18 24 34 puncturing H * 802a*** [198a
flower##** I, %% 856a 144 a
sand 18 24 30 puncturing H 83.7b 163 a
pink L 56.7a 433D
babies’ 18 24 30 puncturing H 88.7b 113a
breath L 62.0a 380b
sweet 18 24 30 cutting H 94.1a 59a
pea L 9l.1a 89a
African 18 24 30 cutting H 65.5b 345a
marigold L 02 a 99.8 b
zinnia 18 24 30 cutting H 92.1b 79a
L 473 a 5270

® RE wEEk#F%% _ for explanation see Table 1

01

feinig mejsaigy ‘Suepy URLY ‘ZIIMOQNIO[ UBLIOY




Table 4. Effect of seed vigour of 6 ornamental plants species on their plant emergences in greenhouse

Species Seed Following days of measurements
vigour 3 4 5 6 7 8 9 10 11 12 13 14 15 16
tassel H* |00a***|11.8a |58.6b |821b |879b |883b |883b |88.7b
flower=#*+ | ** 10.0a 05a 145a |60.8a |647a [652a |652a |[652a
sand H 00a 00a 13.1b |5L.1b |71.8b |764b |792b |[81.2b |81.2b |81.2b |81.2b |81.2b |[81.2b(81.2b
pink L 00a 00a 05a 187a |246a |27.7a ([282a |303a (319a |319a |[324a |[324a (33.0a|344a
babies’ H 00a 05a 48b 344b |556b |67.1b |71.6a |740b |756b |756b |75.6b
breath L 00a 0.0a 0.1a 52a 29.0a |474a |53.0b |540a |55.1a |[55.1a [55.6a
sweet H 00a I1.3b |505b |[79.4b [833b |843b |[848b |[854b |[868b |87.5b [87.5b |[87.5b
pea L 00a 28a 263a |(51.5a |[540a |560a |580a |[58.6a |606a |606a [6l.1a |633a
African H 00a 0.6a 20.8a |51.7a |627a |[664a |703a [713a |725a [725a |73.0a
marigold |L 00a 0.6a 2l6a |438a |515a [562b (56.2a |562a [59.7a |59.7a [59.7a
zinnia H 22b 142a |390b |560a |[63.6b |682b |[712b |743b |743b |748b |748b [753b [75.3b
L 00a 44a 236a |403a [470a |490a |51.0a |51.0a |520a [520a |520a [520a |53.0a

* Rk wkEkExk _ for explanation see Table 1
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