
Summary 
Tomato fruits were harvested 60 (red-firm), 70 (red-
firm), 80 (red-soft) and 90 (overripened) in 1998, 50
(pink), 60 (red-firm), 70 (red-firm) and 80 (red-soft) days
after anthesis (DAA) in1999. Pulp of each harvest was
fermented 24 hours at room temperature, for natural
fermentation, and pH was arranged to 1, 2, 3 in 1998
and 1, 2 in 1999 by adding required HCl to the slurry
and kept at room temperature for 10 minutes for acid
extraction. Total and normal germination, seedling
emergence and accelareted ageing tests were used for
seed quality assessment. Results of both years unani-
mously showed that seeds of red-firm fruits (70 DAA)
gave the maximum seed quality regardless of extraction
methods. Seed quality declined in earlier and later har-
vests.

Zusammenfassung
Tomaten wurden 1998 60 (rot-fest), 70 (rot-fest), 80
(rot-weich) und 90 (überreif) und 1999 50 (rosa), 60
(rot-fest), 70 (rot-fest) und 80 (rot-weich) Tage nach Blü-
tenöffnung geerntet. Das zerkleinerte Erntegut einer
jeden Charge wurde für die natürliche Fermentation 24
Stunden bei Raumtemperatur fermentiert, für die Säu-
reextraktion wurde der pH durch Zugabe von HCl
1998 auf pH 1, 2 und 3 und 1999 auf pH 1 und 2 ein-
gestellt.

Als Kriterien zur Beurteilung der Saatgutqualität wur-
den die Gesamt- und Normalkeimrate bei 25 °C, die
Keimrate unter unkontrollierten Gewächshausbedin-
gungen und nach einem beschleunigten Alterungspro-
zeß herangezogen.

Die Ergebnisse beider Jahre zeigen übereinstimmend,
daß Saatgut von rot-festen Früchten (70 Tage nach
Blütenöffnung geerntet) unabhängig von der Extrak-
tionsmethode die beste Saatgutqualität aufweisen. Die
Saatgutqualität nimmt bei früherem oder späterem
Erntezeitpunkt ab.

Introduction
Two main factors that affect seed quality in tomato are
seed harvest time and seed extraction method. Seed
development studies in tomato showed that the maxi-

mum seed quality is obtained from fruits harvested
when they are red and firm which occurs around 70
days after anthesis (DEMİR and ELLİS 1992, VALDES
and GRAY 1998, DEMİR and SAMİT 2001). Seed ex-
traction techniques often used are natural fermenta-
tion, alkali treatments, acid treatments and mechanical
means (GEORGE 1985). Each technique has advan-
tages and disadvantages depending on application pe-
riod, concentration and temperature. For example ad-
vantages of acid treatments are efficient breakdown of
the gelatinous coating and quick cleaning, eradication
of bacterial canker, inactivation of tomato mosaic
virus and producing bright looking seed coat (RITCHI
1971, SILVA et al. 1982, GEORGE 1985). On the oth-
er hand, it can be deteriorative on seed quality when
concentration and application period are not appro-
priate.

In most of the continously flowering fleshy fruited
vegetable species, such as tomato commercial seed lots
are comprised of maturing and fully mature seeds due
to once over mechanical harvesting. Then, the distribu-
tions of maturity stage can be a determining factor in
combination with extraction methods, for seed quality
in tomato.

Then the aim of the present study is to test for an in-
teraction between seed harvest time and extraction
methods with regard to seed quality in two consequtive
years.

Materials and Methods
Plants of the processing tomato cultivar Rio Grande
(Lycopersicum esculentum Mill.) were grown in Manyas,
Bursa (North-western part of Turkey) in 1998 and in
Konya (central part of Turkey) in 1999. The maximum
and minimum temperatures during growing season
were 39 and 13 °C in 1998, and 37 and 12 °C in 1999,
respectively.

Two-hundred flowers for each harvest were tagged
from the first and second trusses at full anthesis and
fruits were harvested 60 (red-firm), 70 (red-firm), 80
(red-soft) and 90 (overripened) days after anthesis in
1998 and 50 (pink), 60 (red-firm), 70 (red-firm) and 80
(red-soft) in 1999. Then fruits of each harvest were cut.
For natural fermentation the slurry containing seeds
was kept 2 days at room temperature (25 ± 3 °C). Acid
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treatment was done by using commercial hydrochloric
acid HCl (37 %) for arranging slurry to pH1, 2 and 3 in
1998 and to pH1 and 2 in 1999. Acid treatment was
carried out for 10 minutes at room temperature. At the
end of the treatments seeds were washed in running tap
water and dried on mash trays in the shade for 3 days.
Final seed moisture content was determined by high
temperature oven method (ANONYMOUS 1985) and
it was ensured that it was lower than 10 %.

Germination tests were carried out on four replicates
of 50 seeds of every harvest for each extraction method
at 25 °C according to ANONYMOUS (1985). Germi-
nation was considered to have occurred when the radi-
cle is 2 mm long (maximum total germination) and nor-
mal seedling countings were also done (normal germi-
nation).

Seedling emergence test was carried out in an un-
heated glasshouse (minimum temperature 12 °C, maxi-
mum temperature 38 °C) in September 1998 and 1999.
Four replicates of 25 seeds from each of the 16 lots (4
extraction methods X 4 harvest times) in 1998 and of
the 12 lots (3 extraction methods X 4 harvest times) in
1999 were sown 0.5 cm deep in compost (1/2 organic
manure, 1/2 soil) in seedling trays. The progress of
emergence (appearance of the hook at the surface) was
monitored during 20 days.

For the controlled deterioration test, the moisture
content of a subsample of 200 seeds of each lot was ad-
justed to 15 % and the subsamples were sealed in lami-
nated aluminium foil bags and stored at 50 °C for 72
hours (MATTHEWS 1993). Then samples were taken
out and germination tests with 4 X 50 seeds were car-

ried out according to ANONYMOUS (1985).
Germination and seedling emergence tests were eval-

uated by DUNCAN multiple range test and standard
errors were calculated. Analysis was done after angular
tranformation but untransformed data are shown in
tables.

Results and Discussion
Maximum total germination percentages were recorded
in 1998 in seeds harvested from red-firm fruits (70 days
after anthesis, DAA) with 99, 100, 99 and 100 % in nat-
ural fermentation and acid extraction of pH1, pH2 and
pH3, respectively. Total germination percentages in
1999 were found very similar among extraction meth-
ods being between 96 and 99 % (Table 1). In both years,
normal germination results were found more discrim-
initive among harvests than maximum total germina-
tion. Without any exception in both years and in all ex-
traction methods, seeds harvested 70 DAA had higher
normal germination than those of the other variants.
Interaction between harvest time and extraction
method was found significant in 1998 but not in 1999
(p<0.05) respecting both germination and emergence
values. Therefore, means of extraction and harvest time
were compared separately in 1999 (Table 1 and 2).

CHAUDHARI et al. (1992), VALDES and GRAY
(1998), DEMİR and ELLİS (1992), DEMİR and
SAMİT (2001) found that tomato seeds attained maxi-
mum quality (germination, germination rate, emer-
gence, resistance to ageing) when they are extracted
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Table 1. Normal (NORM.) and maximum total (TOT.) germination of tomato seeds as depending on the harvest year, harvest time
(days after anthesis DAA) and extraction method (n=200 seeds in each test). Means are shown with standard errors. Means with
capital letters in the same line and small letters in the same column are significantly different ( p<0.05). 
Normale (NORM.) und maximale Gesamtkeimung (TOT.) von Tomatensaatgut in Abhängigkeit von Erntejahr, Erntezeitpunkt (Tage nach
Blütenöffnung DAA) und Extraktionsmethode (n = 200 Samen). Dargestellt werden Mittelwerte mit Standardabweichung. Mittelwerte mit
Großbuchstaben innerhalb einer Zeile und Kleinbuchstaben in einer Spalte weisen signifikante Unterschiede auf (p < 0.05)

1998

EXTRACTION METHOD

Natural Fermentation PH1 pH2 pH3

DAA NORM. TOT. NORM. TOT. NORM. TOT. NORM. TOT.

60 87 96±1.1 Bb 92 97±0.5 Bb 87 96±0.9 Bb 93 99±0.3 Aa

70 963 99±0.4 Aa 98 100±0 Aa 97 99±0.3 Aa 96 100±0 Aa

80 938 94±0.6 Bbc 90 96±0.6 Bb 95 100±0 Aa 96 93±0.3 Aa

90 79 90±0.1 Cc 85 97±0.3 Bb 89 99±0.3 Aa 89 98±0.9 Aba

1999

50 92 99a 91 96a 95 99a

60 95 98a 94 98a 95 99a

70 96 98 a 97 99a 98 99a

80 87 96 a 90 97a 93 98a

Mean 97±0.4 B 97±0.5B 99±0.2A

DAA: Days After Anthesis



from red-firm fruits (about 70 DAA). Our results are tal-
lying with those findings. 

However, PANDITA et al. (1996) indicated that max-
imum germination, field emergence and vigour index
occurred when seeds extracted from pink fruit stage.
This research was carried out in India in which average
air temperature during growing varied between 23 °C
and 41 °C. This clearly shows that maturation can be
preceded by high temperature therefore, occurrence of
maximum seed quality should be determined in re-
gional basis.

Regarding seedling emergence the later the harvest
the lower the emergence percentages were recorded in
all extraction methods. By 90 DAA in 1998 emergence
percentages were recorded as 60, 78, 66 and 82 % in
natural, pH1, 2 and 3 acid extractions, respectively
(Table 2). Whereas, seeds harvested 70 DAA showed 87,
80, 78, and 73 % in the same extraction methods. Re-
gardless to extraction methods seeds harvested 70 DAA
gave the highest emergence percentages and this was es-
pecially prominent in 1999. In that year, seeds of 70
DAA showed higher emergence percentages than those
of any harvest and extraction methods (Table 2).

Similar to germination and emergence percentages
accelerated ageing test results obviously showed that
seeds harvested 70 DAA, when fruits are red-firm, had
the maximum germination as 65, 34, 78 and 84 % in
1998 and 56, 51, and 61 % in 1999 for natural fer-
mentation and acid extraction methods, respectively
(Table 3). Whereas, earlier and later harvests lose viabil-
ity much faster in ageing treatment. These results agree
with conclusion of DEMİR and SAMİT (2001) in
tomato.

Natural fermentation gave lower germination than
acid treatment in study of SILVA et al. (1982). Our re-
sults are also showing that when seeds are harvested at
70 DAA, they are the most resistant to acid extraction
which coincides with the occurrence of maximum seed
quality (DEMIR and ELLIS 1992, VALDES and GRAY
1998).

The results showed that early (50 DAA) or late matu-
rity (80-90 DAA) stages are not suitable to obtain max-
imum seed quality in tomato. This conclusion was sup-
ported by KERR (1962) and VADIVELU (1983). Oc-
currence of low quality can be due to the presence of
large number of immature seeds in early harvests
whereas in late harvests viviparous germination appears
to be the main cause. Our results showed that seeds
harvested 80 and 90 DAA had 5 and 12 % of vivipary
(germination within the fruit). Then these seeds are
likely to be killed by extraction and following drying
since radicle is already protruded. 

One other disadvantage that occurs in acid extraction
in early harvests is darkening in seed coat which is not
a desirable feature from technological point of view.
This was also mentioned by GEORGE (1985).

It can be concluded from present findings of two
consequtive years that maximum seed quality in the
processing tomato can be obtained from fruits when
they are harvested red-firm stage (70 DAA). At that
stage seeds are at maximum germination and vigour
(emergence, resistance to ageing ) and the most resis-
tant to acid extraction and natural fermentation treat-
ments. While seed quality declines in earlier and later
harvests.
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Table 2. Seedling emergence percentages of tomato seeds as
depending on harvest year, harvest time (days after anthesis
DAA) and extraction method (n=100 in each test). Since there
is no interaction between harvest time and extraction method
only means are compared in 1999. Means with capital letters in
the same line and small letters in the same column are signifi-
cantly different (p<0.05)
Keimrate von Tomatensaatgut in Abhängigkeit von Erntejahr, Ernte-
zeitpunkt (Tage nach Blütenöffnung DAA) und Extraktionsmethode
(n = 100 Samen). Da keine Interaktion zwischen Erntezeitpunkt und
Extraktionsmethode bestand, wurden 1999 nur Mittelwerte vergli-
chen. Mittelwerte mit Großbuchstaben innerhalb einer Zeile und
Kleinbuchstaben in einer Spalte weisen signifikante Unterschiede auf
(p< 0.05)

1998

EXTRACTION METHOD

DAA Natural pH1 PH2 pH3
Fermentation

60 87±5.1Aa 67±4.2Ba 82±3.6Aa 80 ± 4.5Aa

70 87±5.4 Aa 80±6.7Aa 78±2.8Aa 72 ± 8.6Aa

80 67±8.8Ab 66±4.1Aa 82±4.9Aa 73 ± 6.2Aa

90 60±5.8Bb 78±6.6Aa 66±4.6Aba 82 ± 4.3Aa

1999

50 57±5.4 67±4.7 65±3.2 64 ± 4.8b

60 63±3.2 68±3.9 67±4.1 66 ± 5.3b

70 92±2.1 93±2.4 95±3.2 93 ± 2.9a

80 71±4.8 74±6.1 76±7.4 74 ± 6.1b

Mean 70±4.5B 75±4.3AB 76±5.4A

DAA: Days After Anthesis

Table 3. Changes in germination percentages of serially har-
vested and differentially extracted tomato seed lots after accel-
erated ageing treatment. Means of four replicates of 50 seeds
presented with standard errors.
Unterschiede in der Keimrate von Tomatensaatgut unterschiedlicher
Reifestadien zum Erntezeitpunkt und Extraktionsmethoden nach be-
schleunigtem Alterungsprozeß. Dargestellt sind die Mittelwerte aus 4
Wiederholungen à 50 Samen.

1998

EXTRACTION METHOD

DAA Natural pH1 PH2 PH3
Fermentation

60 66±3.8 27±2.4 53±3.7 25 ± 2.4

70 65±2.8 34±3.4 78±3.2 84 ± 5.0

80 48±4.6 51±3.9 29±1.7 11 ± 1.3

90 24±3.0 34±4.7 38±3.6 3 ± 5.1

1999

50 12±2.1 28±2.2 27±1.8

60 10±3.2 9±3.7 17±3.7

70 56±3.4 51±3.2 61±5.3

80 48±4.1 42±4.4 47±5.8

DAA : Days After Anthesis
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Summary
Plant regeneration via somatic embryogenesis was
achieved in callus derived from leaf and stem explants
of Psoralea corylifolia L. on modified Murashige and
Skoog’s medium containing 2300 mg l–1 potassium
nitrate (KNO3) supplemented with 1.5 mg l–1 kine-
tin, 0.5 mg l–1 2,4-dichlorophenoxyacetic acid (2,4-D)
and 3 % (w/v) sucrose. Somatic embryos proliferated
rapidly by secondary somatic embryogenesis after
transfer to MS medium supplemented with kinetin and
2,4-D in subsequent subcultures. A high percentage
(70.4 %) of cultures of somatic embryos developed
from stem derived calluses as compared to leaf derived
calli (58.6 %). Maturation and germination of somatic
embryos were achieved on half strength MS basal
medium supplemented with 0.1 mg l–1 indole-3-butyric
acid (IBA) and 2 % (w/v) sucrose. Somatic embryo de-
rived plants were acclimatised and grown in the green-
house.

Zusammenfassung
Es ist auf dem Wege somatischer Embryogenese gelun-
gen, Pflanzen aus Kallus von Blatt- und Sproßexplanta-
ten von Psoralea corylifolia L. zu regenerieren. Die Kultur
erfolgte auf modifiziertem Murashige and Skoog-Medi-
um (MS), dem 2300mgl–1 Kaliumnitrat (KNO3) sowie
1.5mgl–1 Kinetin, 0.5mgl–1 2,4-D und 3% (w/v) Saccha-
rose zugefügt worden waren. Nach dem Umsetzen auf
MS-Medium, angereichert mit Kinetin und 2,4-D, ver-
mehrten sich die somatischen Embryonen durch sekun-
däre somatische Embryogenese schnell weiter. Es entwi-
ckelten sich im Vergleich mehr somatische Embryonen
aus Kalli von Sproßexplantaten (70.4%) als aus Kalli von
Blattexplantaten (58.6%) Die Reifung und Wurzelbil-
dung der somatischen Embryonen erfolgte auf halbkon-
zentriertem MS-Grundmedium, dem 0.1mgl–1 (IBA)
und 2% (w/v) Saccharose zugefügt wurden. Pflanzen, die
sich aus somatischen Embryonen entwickelt hatten, wur-
den akklimatisiert und im Gewächshaus herangezogen.
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