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Abstract This work was conducted to investigate whether chlorophyll fluorescence (CF) sorting enhanced the seedling
potential and vigour of commercial seed lots of tomato (Solanum lycopersicum Mill) and cucumber (Cucumis sativus L.).
Eight seed lots (4 each in 2008 and 2009) for each species were sorted and laboratory germination, seedling emergence tests
were conducted. Results indicated that CF sorting did not significantly increase laboratory germination. However, its effect
was more prominent on emergence potential (p<0.05). It can be concluded that CF as a non-destructive sorting technology

has the potential to upgrade seed quality.
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1. Introduction

The high initial cost of vegetable crop seeds, i.e. hybrids,
has led to growers to employ precision seedling and
transplant production systems. High seedling stands have
become a necessity for saving cost and time. At the same
time, high quality seeds have become more reliable with
regard to maximal emergence and uniformity. The
physiological quality of a seed lot is the result of pre-storage
factors, the acquisition of the ability to produce vigorous
seeds (optimum maturation) and post-storage factors[22].

Vegetable species such as tomato and cucumber have a
continuous flowering behaviour which causes the occurrence
of variously matured seeds on the plant at the same period.
This is very likely to happen in once-over harvesting systems,
i.e. when harvesting differently matured fruits at once.
Gradual harvesting, i.e. harvesting earlier maturated fruits
separately from less mature ones, may eliminate some
differences in the lot. However, this is not easy, and is
expensive to apply in large scale commercial production.
Therefore, fruits that contain seeds at different maturation
levels in some vegetables such as tomatoes and cucumbers
due to differences in flowering time, fertilization, cluster
position, seed position in the fruit, and radiation level are
harvested at once and produce a single lot. In such harvests,
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the seed lot consists of a mixture of less mature and fully
mature seeds. Seed-to-seed variation in the maturation of a
single lot results in lower uniformity and seedling size during
transplant production because less mature seeds germinate
more slowly and produce smaller seedlings while mature
seeds emerge faster and produce larger seedlings[7].
Moreover, less mature seeds are likely to show physiological
ageing earlier during the post-harvest storage period[8],
since they are more prone to ageing particularly when
storage conditions are non-optimum. Therefore, separating
less mature seeds from the lot would have the potential to
enhance the overall quality of a seed lot.

One of the basic tenets of maturation is decomposition of
the chlorophyll content of the seed coat as the seed
matures[24]. There was close relationship between seed coat
chlorophyll content and maturation level in oilseed rape and
turnip seed[26, 27]. Less mature seeds are distinguished by
high chlorophyll content while matured ones have a lower
chlorophyll content. Various seed sorting methodologies
based on physical and chemical properties have been
developed[5, 3, 11]. One of them is a non-destructive
technique for assessing the maturity of seeds, relying on
measuring the amplitude of the chlorophyll fluorescence (CF)
signals of intact seeds. The technique makes use of laser
technology, narrow optical bandwidth filters, and detection
of chlorophyll a in the seed coat, measuring the resulting
chlorophyll fluorescence and linking it to the quality of seeds
in cabbages[14, 6], tomatoes[15], barley[19] and carrots[11].

These studies assessed seed quality based on germination
tests. However, improving the seedling emergence potential
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of a seed lot is important for crops that are produced by
transplantation such as cucumber and tomato. These crops
are produced through transplants and high stand
establishment and uniformity is valuable, particularly for
off-season glasshouse production. Germination percentage is
a basic component of seed quality. It does not always
indicate the emergence potential of a lot since further quality
assessment features such as seed vigour level is involved in
seedling emergence, in which adverse soil properties and the
environment are involved in the overall performance.

In this work, we investigated to what extent CF sorting
enhanced laboratory germination, seedling emergence
percentages of commercially available tomato and cucumber
lots.

2. Material and Methods

Eight seed lots each of tomato (Solanum lycopersicum cv.
Falcon) and cucumber (Cucumis sativus L. cv. Beith Alpha)
were obtained from various commercial seed companies in
2008 and 2009. Specific attention was paid to the seed lots to
ensure that they were produced in the same year. Thus, seed
lots used in the experiment were produced in two different
years and by different companies. This aimed to test the
methodology for seed lots from various sources. Initial seed
moisture contents were determined according to ISTA
(2004), and ranged between 6.1 and 7.2% in tomatoes and
6.7 and 8.5% in cucumbers. Initial laboratory germination

tests were conducted on three replicates of 50 seeds each lots.

The seeds of each replicate were placed between three
moistened 20 x 20 cm filter papers (Filtrak, Germany), two
below and one above, which were wetted with 6 ml of
distilled water each. These papers were then rolled up and
placed in plastic bags in order to prevent water loss.
Germination tests were carried out at 25°C in the dark. Total
(radical protrusion) and normal (developed shoot and root
structures) seedlings were evaluated after 14 days in
tomatoes and 8 days in cucumbers.

CF sorting was done using the methodology developed at
Plant Research International in Wageningen, The
Netherlands[14]. One thousand seeds in each lot were sorted
below 730 nm, approximately 60% in tomatoes, below 1030
nm 65% in cucumbers and designated as CF sorted.
Non-sorted seeds were considered as controls. Then 16 seed
lots for each species (8 sorted/8 control) were all tested for
laboratory germination, seedling emergence in modules, and
controlled deterioration vigour tests. All tests were
conducted within 20 days after sorting, and during that
period seeds were kept at 5°C in hermetically sealed
aluminium foil packets. Laboratory germination tests were
conducted (three replicates of 50 seeds) as described above
on CF sorted and control seed lots.

Emergence tests were conducted with three replicates of
50 seeds in CF sorted and control seeds. Seeds were sown 2
cm deep in compost (Plantaflor, Humus Verkaufs, GmBH,
Germany). Seedlings were grown in a growing cabinet at

20+2°C for 16 days. Light was provided by cool fluorescent
lamps (Philips) at a rate of 78 pmol. m™.s™. for 12 h d” on
the seedling level. Relative humidity in the cabinet was
maintained above 70% throughout the experiment to
minimise water loss from the boxes. Watering was done with
an equal amount of water and at the same time of the day. In
the growing cabinet, boxes were rotated every day to obtain
uniform temperature during emergence. Appearance of the
hypocotyl hook on the compost surface was used as an
emergence criterion, counted daily at the same time of the
day, and finally total and normal emerged seedlings were
recorded as percentages.

The mean germination (MGT) and emergence time (MET)
were calculated for CF sorted and control lots of each species
during germination, emergence and following controlled
deterioration tests by the formula cited by Ellis and Roberts
(1980) given below:

SmT)
Zn

MGT =

where

n = number of seeds newly germinated / emerged at time
T,

T = days from the beginning of the germination /
emergence test,

2 n = final germination / emergence.

Statistical analysis was performed using SPSS to carry out
Duncan. Means of CF sorted and control seed lots in each
species were compared at 5% level. Percentages were arcsine
transformed prior to analysis.

3. Results

CF sorting did not significantly increase total normal
germination and mean germination times in laboratory
germination tests in both species and years. There were some
individual seed lots in which CF sorting increased
germination percentages significantly, such as the total
germination of seed lot 1 in tomatoes of 2008 and the normal
germination of lot 1 in cucumbers of 2009 (Table 1).
However, when the means of five lots in each year were
compared, CF sorted seed lots either had the same
percentages or slightly higher but not significant values
(P<0.05). The advantage of CF sorting as laboratory
germination percentages ranged between 2 and 4% in tomato,
and 0 and 4% in cucumber seed lots (Table 1 and 2).
Regarding mean germination time (MGT), there was no
remarkable difference between CF sorted and control seed
lots. In some cases CF sorted seeds had longer MGT values,
i.e. tomato and cucumber seed lots in Mean 2008, but this
was not significant.

CF sorting affected significantly (P<0.05) the total and
normal tomato and cucumber seedling emergence
percentages (Tables 3 and 4). The greatest advantage, 23%,
was observed in total and normal seeding percentages of
2009 seed lots in tomatoes. This was 8% in total and 14% in
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normal seedlings in 2008. The mean germination time of
tomato seed lots was not significantly affected by CF sorting
(P>0.05) in 2008 but was in 2009. In general, cucumber seed
lots had higher emergence percentages than those of
tomatoes. CF sorting increased the total germination from 76
to 84% in 2008, and 70 to 86% and 2009. Corresponding

values in normal cucumber seedling emergence percentages
were from 68 to 79% and from 67 to 78%. CF sorted
cucumber seeds emerged earlier than the controls. This was
variable among the lots but with regard to mean MGT values,
the advantage was 0.3 days in 2008 and 1.0 days in 2009.

Table 1. Changes in total and normal germination percentages and MGT values of 8 different commercial tomato seed lots produced in 2008 and 2009

following CF (Chlorophyll fluorescence) sorting

Total germination (%) Normal germination (%) MGT (day)

Production year CF
Lot Control CF sorted Control CF sorted Control sorted

1 76b 84a 70b 78a 2.9a 3.1a

2 86b 92a 79a 82a 2.9a 3.2a

3 88a 82a 79a 78a 2.6a 3.5b

4 83a 83a 75a 76a 2.6a 3.1b

2008 Mean 83a 85a 76a 79a 2.8a 3.2a

1 80a 87a 72a 72a 4.2b 3.1a

2 90a 93a 76b 83a 3.5a 3.2a

3 83a 85a 70b 78a 3.3a 3.3a

4 83a 87a 70a 74a 3.3a 3.3a

2009 Mean 84a 88a 72a 77a 3.6a 3.2a

Two means with a letter in common are not significantly (p<0.05) different in the same criterion

Table 2. Changes in total and normal germination percentages and MGT values of 8 different commercial cucumber seed lots produced in two different

years following CF (Chlorophyll fluorescence) sorting

Production Total germination (%) Normal germination (%) MGT (day)
year Lot Control CF sorted Control CF sorted Control CF sorted

1 96a 94a 86a 76b 1.3a 1.4a

2 96a 100a 82a 83a 1.1a 1.2a

2008 3 79a 78a 78a 79a 1.0a 1.2a

4 94a 92a 86a 88a l.1a 1.5b

Mean 91a 9la 8la 82a 1.1a 1.3a

1 94a 97a 74b 83a 1.8a 2.0a

2 93a 89a 82a 78a 1.6b 2.0a

2009 3 76b 83a 70b 80a 1.7a 2.0a

4 89a 90a 77a 75a 1.6a 1.0b

Mean 88a 90a 76a 79a 1.7a 1.8a

Two means with a letter in common are not significantly (p<0.05) different in the same criterion

Table 3. Changes in total and normal emergence percentages and mean emergence time (days) in 8 commercial tomato seed lots produced in 2008 and 2009

after Chlorophyll fluorescence (CF) sorting

Total emergence (%) Normal emergence (%) MGT (day)
Production year
Lot Control CF sorted Control CF sorted Control CF sorted
1 58b 72a 53b 72a 9.4a 8.3b
2 73a 74a 70a 68a 9.8a 9.1a
3 69a 73a 62b 73a 9.4a 10.8a
4 52b 72a 34b 72a 8.6a 9.0a
2008 Mean  63b 73a 55b 71a 93a 93a
1 39b 73a 35b 65a 7.5b 6.4a
2 45b 7la 38b 63a 8.1b 6.5a
3 33b 69a 28b 6la 8.2a 7.1b
4 42b 60a 30b S54a 8.1a 7.1b
2009 Mean  40b 68a 33b 6la 8.0a 6.8b

Two means with a letter in common are not significantly (p<0.05) different in the same criterion
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Table 4. Changes in total and normal emergence percentages and mean emergence time (days) in 8 commercial cucumber seed lots produced in 2008 and

2009 after Chlorophyll fluorescence (CF) sorting

Production Total emergence (%) Normal emergence (%) MET (day)

year Lot Control soCrt]z: q Control socrt}; q Control socrt}; q
1 89a 87a 86a 84a 6.9a 6.6a

2 47b 86a 28b 78a 6.9a 6.3a

2008 3 S54a 57a 41b 47a 7.9a 7.6a
4 92a 89a 88a 87a 8.3a 8.5a

Mean 71b 80a 61b 74a 7.5a 7.3a

1 77b 92a 75b 83a 7.3a 6.5b

2 74b 84a 71a 77a 5.7a 5.3a

2009 3 61b 73a 57b 65a 5.3a 4.6a
4 78b 87a 8la 72b 6.7a 4.9b

Mean 73b 84a 71b 74a 6.3a 5.3b

Two means with a letter in common are not significantly (p<0.05) different in the same criterion

4. Discussion

Results of the present paper indicated that CF sorting
increased seedling emergence percentages. However, the
sorting effect was little and non-significant for laboratory
germination. These conclusions are in agreement with
findings of previous papers on tomatoes[15], cabbages[14],
barley[19] that the CF method has the potential to enhance
seed quality. However, these studies evaluated seed quality
based on laboratory germination which is normally
conducted under optimum germination conditions. In our
work we tested the effect of CF sorting not only on
laboratory germination but also on emergence as seed
performance. The CF sorted seeds showed slightly better but
not statistically significant germination compared to the
controls, while CF sorting enhanced seedling emergence
potential and separated less aged seeds in both species
significantly (p<0.05), (Tables 1, 2, 3 and 4).

Transplant production and quality are important for
horticultural crop seeds. Extended use of high value seeds in
vegetable species such as hybrids necessitates production of
a plant for each seed in a seed lot. This is also the case in
tomatoes and cucumbers. Ideally, every single seed is
expected to produce a healthy, strong seedling. Transplant
production is conducted under controlled conditions in
which high financial input (heating, planting medium, etc.)
and workforce are necessary. Thus, every non-germinated
seed is a waste of money and time. Moreover, timely
production in off-season growing in glasshouse conditions
requires a start with well developed seedlings to get the
maximum yield on time. Various methodologies are used to
sort seeds and improve the quality, i.e. various image
analyses and priming. However, CF sorting has the unique
feature of non destructiveness. During CF there is no
germination requirement and no imbibition occurs in the
seed. Following imbibition, the seed becomes sensitive to
drying and subsequent storage[25]. CF is well suited to
vegetable crops in which seed maturation occurs gradually
due to continuous flowering and fertilization[7, 21, 8] on the
mother plant. So variation within the same lot is more likely
to be higher than in field crops.

CF is a non-destructive technique for assessing the
maturity of seeds, relying on measuring the amplitude of the
chlorophyll fluorescence (CF) signals of intact seeds.
However, there are two basic cautions about CF. On is that it
may be used on species such as aubergine, maize, and
sunflowers in which there is little or no chlorophyll in the
seed coat which can be detected over maturation. One other
is that when a large proportion of seeds are discarded due to
the high CF value, these seeds are considered as loss. In this
way, the financial effort and expense for these seeds become
extra expenses for production. In this experiment we
discarded 25 and 35 % of the seeds out of the lot. This is
quite a high proportion. But it is associated with the
pre-sorting maturation level of the seed lot. The more
immature seeds in the lot, the more seeds are eliminated.
This may be alleviated through high quality seed production
at the first place, i.e. harvesting at maximum maturity, and
this will reduce the proportion of low quality seed in the lot.
Moreover, its use may be debatable in cases where seed coat
chlorophyll content or colour may change dramatically
among cultivars within the same species, as in Brassica
napus[28].

CF sorting was found to be more effective on emergence
percentages and separating seeds based on physiological
ageing level. Germination is an important component of seed
quality but it is tested under optimum conditions in which
even low quality seeds may have ability to germinate.
However, when sowing conditions for seedling production
are non-optimum, which is a common phenomenon in early
spring sowings, low quality seeds are not able to perform as
well as those of high quality which show a higher level of
seed vigour. High quality seeds emerge earlier and produce
larger seedlings in adverse conditions. Low CF value seeds
appeared to emerge earlier as indicated by mean emergence
time (Table 3 and 4). An extended period of the seedling in
the seed bed, as is the case with deep sowing, may increase
the risk of infection by ‘damping-off’ pathogens such as
Fusarium, Rhizoctenia and Pythium. The enhanced and more
rapid seedling emergence provided by CF sorting reduces the
time that seedlings are covered in the seed bed, thereby
alleviating the possibility of pathogenic attack. Less mature
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seeds are likely to leak solutes to the seed bed. These solutes
attract fungi and bacteria which consume oxygen in the seed
bed and make it impossible for the seedling to emerge. This
is in agreement with the findings of Konstantinova et al.
(2002) which indicated that CF sorting helped to eliminate
those seeds that were more likely to get infected in barley.
Indeed lower vigour and shorter seed longevity may be
associated with high chlorophyll content of seeds. Recently
the strong photo-oxidation process that occurs during storage
in Salix seeds was shown to be accounted for by their high
chlorophyll content[23].

Pre-harvest ecological factors influence seed maturation[1,
2]. We selected 8 lots in each species 4 of them produced in
2008 and the other four in 2009. Even though they were
produced in the same year, the lots came from different seed
companies and were produced in various parts of the country
(i.e. with different environmental features during growing).
This may cause differences in pre-marketing seed quality of
the lots. Obtaining similar results in both years particularly
regarding seedling emergence confirmed unanimously that
CF worked out well in seed lots produced in various
environments in two subsequent years. Differences in
individual seed lots in the same year or between years may
also result from different harvesting practices such as
extraction, drying, or fruit maturation time which resulted in
variable amount of less mature seeds in the lot. These factors
also affect the ageing level of any seed lot[21]. The effect of
CF sorting not only on laboratory germination, but also on
emergence and physiological aging as indicators of seed
vigor. Especially, in pepper seed lots CF sorting significantly
increased laboratory germination, seedling emergence, and
seed vigor[18].

In conclusion, CF can be a reliable tool to separate high
quality seeds (i.e. more mature) from low quality (i.e. less
mature) seeds within once-over harvested tomato and
cucumber seed lots. This may be usable for improving
seedling production potential and separating less vigorous
(less aged) seeds from the lot thus increasing the overall
vigour of the lots.
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