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Abstract. In eggplant cultivars Black Beauty, Emi, Long Negro and Tsakoniki cultivated for seed, flower induction and flower
weight decreased in the presence of developing fruit on the plant. Harvesting prior to maturity (25-35 days after anthesis), aimed at
increasing flower induction and fruit set, resulted in small seeds that failed to germinate or germinated poorly. When these fruit were
stored for 20 days at 25±30C before seed extraction, seed size and germination increased indicating seed filling and maturation
(‘after-ripening’) within the harvested fruit. In year 1, a single application of ethylene before storage increased the germination of
Black Beauty and Long Negro harvested 25-35 days after anthesis, but reduced that of Emi and Tsakoniki. In year 2, ethylene
application once before the storage of fruits harvested 35 days after anthesis promoted the germination of Tsakoniki and Emi, and
when ethylene was applied three times germination was increased further. The possible applications of early harvest, fruit storage
prior to seed extraction and ethylene treatment to eggplant seed production are discussed.
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INTRODUCTION

Eggplant (Solanum melongena L.), a species
indigenous to Southern Asia, is a major vegetable crop
of countries bordering the Mediterranean Basin,
particularly Egypt, Turkey and Italy, where annual
production is estimated to be 1.0, 0.9 and 0.4 million
tonnes, respectively [4]. In addition to its use as a fresh
vegetable, eggplant is a potentially important source of
antioxidants [13]. Although most eggplant cultivars
grown  in  Greece  are  imported  F1 hybrids, local
varieties and landraces are also cultivated. The
advantages  of  using  local  varieties  are  that  they  are
adapted to the climate of the region and favored on the
market; additionally the use of local seed reduces the
dependence on foreign imports and the loss of foreign
exchange.

Eggplant exhibits extensive phenotypic diversity,
particularly with respect to fruit morphology [2].
Within the Mediterranean Basin, important centres of
eggplant diversity include Turkey [6] and Spain [10,
17]. In Greece, Tsakoniki (also marketed as Argitiki) is
the most important domestic, field-grown variety and is
considered to be of potential value to eggplant breeders
for  hybrid  development  [2,  9].  Other  local  Greek
varieties include Emi, which is a black flask-type
eggplant for cultivation under cover.

For seed production of eggplant (Solanum
melongena L.) fruit are normally harvested at full
maturity, which is about 50-60 days after anthesis
depending on the cultivar, climate and growing
conditions [3, 5, 18, 21]. Seeds extracted from
immature fruit show either a lack or a low level of
germination.

During fruit development and maturation, there is
competition between fruits on the plant, leading to
reduced seed size [12, 16]. It would therefore be an
advantage to the seed producer if he/she could harvest
at the earliest possible time after anthesis and not retain
fruit on the plant beyond that date. Although eggplant
is a non-climacteric species and fruits do not ripen after
harvest, the seeds within the harvested fruit may
continue to develop and mature, leading to improved

germination [15]. In the present paper we examine
whether ethylene application during this ‘after-
ripening’ process will further improve germination.

MATERIALS AND METHODS

Seeds of eggplant (Solanum melongena L.) cv. Emi,
Long Negro, Tsakoniki and Black Beauty, produced at
the Agricultural University of Athens, were sown on 10
February (year 1) in seed boxes containing a peat-based
substrate (Klasmann-Deilmann TS-2) and maintained at
250C day, ≥150C night. At the cotyledon stage (20 days
after sowing), seedlings were transplanted to 0.1 l pots
containing the same substrate. Three months after sowing
(7 May) 35 plants per cultivar were transplanted to 11 l
pots containing a substrate of peat and sand (2:1 v/v) and
placed in random blocks in an unheated greenhouse
(33±5.50C day, 16±40C night) at a plant density of
25,000  plants/ha.  Plants  were  pruned  so  as  to  retain  a
single stem, which was trained on a vertical cordon.
Irrigation and fertilizer application was carried out via a
drip system according to standard procedures [20].
Flowers were tagged at anthesis and fruits were
harvested 25, 35, 45, 55 or 65 days later.  Only flowers
that formed on the main stem were permitted to set fruit;
secondary flowers were pinched out as they formed.

After each harvest, fruits were transferred to the
laboratory and randomly separated into three groups: (a)
fruits were quartered on the same day and seeds
extracted by the exertion of pressure under water, (b)
fruits were stored for 20 days at room temperature
(25±30C) before extracting seeds by the same procedure,
(c) fruits were treated with ethylene prior to storage and
seeds extracted as described in (a). Ethylene treatments
were carried out by placing 6 fruits of each cultivar in a
34  l  airtight  container  through  the  seal  of  which  pure
ethylene (Linde Hellas Industrial Gases, Schematar,
Greece) was injected to achieve a concentration of 150
mg/l. The container remained sealed for 24 h after which
the  fruits  were  removed and stored  in  air  for  20  days  at
room temperature (25±30C). Seeds were thoroughly
washed  in  running  tap  water,  followed  by  rinsing  in
deionised water and drying at 250C for 3 days. Seeds
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were then counted, weighed and seed size estimated as
the mean weight per 1000 seeds. Seeds were subjected to
germination tests on the day they were weighed, i.e. 3
days after extraction. The seed tests were uniform for all
seed lots. Because many of the seed lots germinated only
slowly (largely due to immaturity) the germination test
was extended beyond the time of counts set by the ISTA
[1]. Tests were performed by placing four replicates of
50  seeds  on  absorbent  paper  in  8  cm  Petri  dishes.  The
paper was moistened with distilled water and the closed
dishes incubated in the dark at 25±0.50C for 25 days. The
temperature was that employed in earlier publications on
the same species [11]. Germination was recorded at 1-2
day intervals and the germinated seeds were discarded.
The criterion for germination was the appearance of the
radicle with a length >2 mm. The results are presented as
the total percent germination and the rate of germination
(T50),  which  is  the  time  required  for  the  germination  of
50% of the total number of seeds that germinated in each
test.

The experiment was repeated in year 2 for cv. Emi
and  Tsakoniki  using  the  same  cultivars  as  in  year  1
except that fruits were harvested only at 25-45 days after
anthesis  (DAA)  since  the  results  of  year  1  showed  that
this is the stage at which seed after-ripening is most
beneficial.  In  year  2,  sowing  was  carried  out  on  21
March and plants transferred to the greenhouse on 14

May. Seeds were extracted from fruits subjected to the
same treatments as in year 1 but with the addition of an
extra treatment in which fruit stored at room temperature
(25±30C) before seed extraction were exposed to 100
mg/l ethylene for 24 h on days 1, 7 and 15 after harvest.
Ethylene treatments were repeated three times as
described above and the results are expressed as the
means of the three experiments.

Data were subjected to analysis of variance and
where the F value indicated significance, means were
separated by the least significant difference test at p=0.05
using the statistical programme Statgraphics 2.1
(Statistical Graphics Corp., Herndon VA, USA).

RESULTS

The presence of two developing fruit on the mother
plant of Emi led to a 30% reduction in flower induction
compared with plants that were not permitted to set fruit,
while  in  Black  Beauty,  Tsakoniki  and  Long  Negro  the
corresponding inhibition was 55, 67 and 78% res-
pecttively (Fig. 1). In Emi flower size over the same
period was reduced by 3% due to the presence of two
fruit on the mother plant, but in Long Negro, Tsakoniki
and Black Beauty the corresponding reduction in flower
size was 15, 21 and 21% respectively (Fig. 2).
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Figure 1. The effect of fruit set on subsequent flower induction of (A) Emi and Tsakoniki. and (B) Black Beauty and Long Negro. 0 = no fruit

permitted to set per plant, 2 = 2 fruit set and permitted to set and mature on the plant.
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Figure 2. The effect of fruit set on mean flower weight of (A) Emi and Tsakoniki and (B) Black Beauty and Long Negro. 0 = no fruit permitted to set

per plant, 2 = 2 fruit set and permitted to mature on the plant.

When fruit were harvested 25-35 DAA the seeds of
all four cultivars were small and immature, with a mean
1000 seed weight of 1.0-2.4 g (25 DAA) and 1.2-3.8 g
(35 DAA). At 45 DAA, mean 1000 seed weight rose to
4.0-5.3 g while at normal harvest time (55 DAA) it was
5.4-6.0 g (Table 1). When seeds were after-ripened

within the harvested fruit for 20 days prior to extraction,
seed size generally increased in the case of fruit
harvested 25 or 35 DAA (except in Long Negro), but not
at 45-55 DAA (all cultivars). Treatment of fruit with
ethylene prior to the after-ripening procedure, however,
apparently had no affect on mean 1000 seed weight
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(Table 1). It is clear from this result therefore that
although eggplant is a non-climacteric fruit, the seeds
within the harvested fruit continue to fill and mature

prior to extraction (i.e. during after-ripening), but
ethylene does not promote this procedure.

Table 1. The effect of after-ripening with or without exposure to ethylene on the mean 1000 seed weight (g) of four eggplant cultivars harvested at
25-55 days after anthesis.

Days from anthesis to harvestCultivar Treatment
25 35 45 55

None 1.1 c* 2.2 b 4.8 a 6.0 a
After-ripened 3.2 a 4.6 a 4.8 a 5.4 aBlack Beauty
A-r + ethylene 2.1 b 3.8 a 5.2 a 5.6 a
None 2.4 a 3.8 a 4.0 a 5.4 a
After-ripened 1.8 a 2.4 b 4.5 a 4.9 aLong Negro
A-r + ethylene 1.7 a 3.7 a 4.0 a 5.2 a
None 1.0 b 1.2 c 5.3 a 5.5 b
After-ripened   1.4 ab 2.8 b 5.3 a 6.2 aTsakoniki
A-r + ethylene 1.7 a 3.7 a 5.0 a 6.6 a
None 1.4 b 3.0 a 5.1 a 5.6 a
After-ripened 2.3 a 3.3 a 5.0 a 5.9 aEmi
A-r + ethylene 2.6 a 4.2 a 4.8 a 5.8 a

* Means within columns for each cultivar followed by the same letter do not differ significantly at p=0.05.

Seeds extracted from fruit that were harvested 25
DAA failed to germinate irrespective of cultivar. When
harvest was carried out 35 DAA, seeds of Emi and
Tsakoniki again failed to germinate, whereas seeds of
Long Negro and Black Beauty germinated to a level of
11.5 and 20% respectively. At 45 DAA the germination
of all cultivars increased significantly and at 55 DAA
was higher than 95% in all cases (Table 2). Although
after-ripening of seed prior to extraction from fruits
harvested 25-35 DAA induced an increase in the
germination of Emi and Tsakoniki, it had little or no
effect on Long Negro and Black Beauty. The exposure of
fruit to ethylene prior to the after-ripening procedure had

a variable effect on seed germination. In Long Negro and
Black Beauty, ethylene treatment promoted the
germination of seeds extracted from fruit harvested at 25
and  35  DAA  to  a  level  beyond  that  induced  by  after-
ripening, but in Emi and Tsakoniki ethylene treatment
significantly reduced the efficacy of the after-ripening
process (Table 2). Overall, the rate of germination (T50)
of seeds extracted from fruit of all four cultivars
harvested 45 or 55 DAA ranged between 14-18 days and
14-15 days respectively. After-ripening increased the rate
of germination, as shown by a reduction in the value T50
to 6-12 days (45 DAA) and 8-11 days (55 DAA),
irrespective of ethylene application.

Table 2. Effect of after-ripening and ethylene treatment on the germination (%) of eggplant seeds measured 3 days after seed extraction (year 1).
Days from anthesis to harvestCultivar Treatment

25 35 45 55
None        0 c* 11.5 b 91.5 a 100 a
After-ripened   5.5 b   9.5 b 97.0 a 98.0 aBlack Beauty
A-r + ethylene 34.5 a 41.0 a 96.0 a 92.0 a
None     0 c 20.0 b 46.0 b 95.5 b
After-ripened 18.0 b 24.0 b 99.0 a 100 aLong Negro
A-r + ethylene 56.0 a 80.5 a 100 a 86.0 c
None     0 c      0 c 85.5 b 100 a
After-ripened 43.5 a 96.5 a 100 a 100 aTsakoniki
A-r + ethylene 28.0 b   2.0 b 31.0 c 42.0 b
None     0 c      0 c 70.5 b 97.5 a
After-ripened 97.0 a 100 a 97.5 a 100 aEmi
A-r + ethylene 12.5 b     11.5 b 17.0 c 27.5 b

* Means within columns for each cultivar followed by the same letter do not differ significantly at p=0.05.

Because Emi and Tsakoniki are particularly
important local cultivars produced exclusively from local
seed, the value of increasing the exposure of fruit to
ethylene during the after-ripening procedure was
examined in year 2. As in year 1, after-ripening
promoted the germination of seeds of both cultivars
extracted from fruit harvested at 25 and 35 DAA, as well
as Emi at 45 DAA (Table 3). The action of ethylene,
however, was again variable. A single exposure to
ethylene promoted the germination of Tsakoniki and Emi
harvested 35 DAA, but not 25 or 45 DAA. A triple
exposure of fruit to ethylene further increased the

germination of Tsakoniki harvested 35 DAA, but had no
effect in the other cases (Table 3).

The rate of germination (T50) of seeds extracted from
fruits harvested 35 DAA following after-ripening varied
between 11 and 20 days and was not affected by ethylene
treatment.  At  45  DAA,  the  T50 of seeds from after-
ripened fruit was 11-24 days (a rate not affected by
ethylene treatment) compared with 13-19 days for seed
from fruit without after-ripening. The T50 of seed from
fruit  harvested  at  25  DAA  (also  at  35  DAA  in  the
absence of after-ripening) could not be assessed due to
insufficient germination.
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Table 3. Effect of after-ripening and ethylene treatment on the germination (%) of eggplant seeds measured 3 days after seed extraction (year 2).

Days from anthesis to harvestCultivar Treatment
25 35 45

None       0 b* 0 d 98.0 a
After-ripened 23.5 a 49.8 c 93.7 a
A-r + ethylene 1 23.2 a 69.3 b 92.8 a

Tsakoniki

A-r + ethylene 3 19.3 a 84.8 a ND
None      0 c 15.0 c 70.0 b
After-ripened 41.5 a 51.4 b 91.8 a
A-r + ethylene 1 16.2 b 65.5 a 94.6 aEmi

A-r + ethylene 3 49.2 a 72.3 a ND
* Means within columns for each cultivar followed by the same letter do not differ significantly at p=0.05. ND = not determined.

DISCUSSIONS

For seed production eggplant fruits should be
harvested at a later stage of ripeness than those for fresh
consumption [7]. Thus the optimum harvest time for
eggplant seed is 50-60 DAA in Turkey [5] and S.E. Asia
[3, 18, 21]. However, during fruit growth and maturation
there is competition between fruits on the plant for
essential nutrients and storage reserves, which leads to a
reduction in flower induction (Fig. 1) and flower size
(Fig. 2) [12] and may adversely affect seed yield. The
effect of fruit load on subsequent flowering and flower
size varied between cultivars. Flower induction in Black
Beauty and Emi, which produce large, flask-shaped fruit,
was less sensitive to fruit load than in Tsakoniki and
Long Negro, which produce elongate fruit. Moreover, the
reduction in flower size was less in Emi than in the other
three cultivars. Emi has the ability to set fruit with few or
no seeds whereas both Tsakoniki and Long Negro
usually set fruit only when the number of seeds formed is
high [14].

When fruits were harvested at 25-35 DAA, seeds
were small (Table 1) and either did not germinate at all
or  only  to  a  very  low  level  (Table  2).  Demir et al. [5]
reported that seed filling in a field-grown eggplant
cultivar “Pala” in Turkey took 40-42 DAA, whereas
maximum seed quality was attained 10-20 days later.
Moreover, the mean 1000 seed weight for eggplant is
about 5 g [7], except for some very small seeded
cultivars. In the present experiment, a mean 1000 seed
weight of over 5 g was observed in Emi and Tsakoniki at
45 DAA, although seed continued to fill until 55 DAA.
Seed of Black Beauty and Long Negro attained a 1000
seed weight of over 5 g at 55 DAA, indicating cultivar
differences in the rate of filling (Table 1). Yogeesha et
al. [21] found germination to be negligible before 41
DAA, but both germination and vigour were maximal at
57  DAA,  which  was  the  stage  at  which  fruit  started  to
turn brown. Under the conditions of the present
experiments and in the absence of after-ripening, we
recommend that fruit should ripen on the plant for at
least 55 DAA in order to achieve good seed quality.

When eggplant fruit are harvested prior to maturity
(25-35 DAA) and held for 20 days at room temperature
(25±3oC) prior to seed extraction, the seed continue to
fill and mature within the fruit as indicated by the
relative increase in mean 1000 seed weight (except Long
Negro) and the increase in percent germination (all
cultivars). This result confirms the observations of a
beneficial effect of after-ripening on eggplant cultivars
Emi and Tsakoniki [15] and extends the results to Black

Beauty and Long Negro. For fruit harvested at 45-55
DAA the seed was generally mature, with a high level of
germination  that  was  not  further  increased  by  after-
ripening (except Long Negro and Emi 45 DAA)
indicating that by this stage filling and maturation of
seeds was complete [5].

Eggplant is a non-climacteric fruit and therefore
ripening is not induced by exposure to ethylene [13].
The fact that seeds continue to fill and ripen within the
harvested fruit, however, suggests that seed development
occurs independently of fruit ripening [15]. The variable
effect of ethylene on the germination of seed extracted
from immature fruit (Table 2) indicates a clear difference
between cultivars. The seed of Black Beauty and Long
Negro harvested 25 or 35 DAA responded positively to a
single application of ethylene while those of Emi and
Tsakoniki did not (Table 2). It may, however, be that
Emi and Tsakoniki are less sensitive to ethylene because
in the second experiment ethylene had a positive effect
on Emi and Tsakoniki harvested 35 DAA and stored for
20 days prior to seed extraction and this effect was
higher in both cultivars when ethylene was applied three
times during the storage (after-ripening) period (Table 3).

In conclusion, it is clear from the present results that
if eggplant fruits are harvested prior to maturity (i.e. 25-
35 DAA) and stored at 25oC  for  20  days  prior  to  seed
extraction, the seeds within the fruit continue to fill and
mature (after-ripen) and acquire the ability to germinate.
This suggests a possible application of after-ripening to
reduce the duration of fruit maturation on the mother
plant during which time the fertility of subsequently
formed flowers may be adversely affected, thus
restricting fruit set and yield [8, 12, 19]. However, the
success of this procedure is greatly influenced by the
cultivar, perhaps due to different rates of seed filling and
maturation. Although harvest 35 DAA coupled with
after-ripening results in seed with a high level of
germination in Emi and Tsakoniki, this does not apply to
Long Negro and Black Beauty; moreover harvest of all
cultivars at 25 DAA appears too early. The treatment of
prematurely harvested fruit with ethylene does not affect
seed size, but may improve germination ability.
However, response to ethylene treatment varies between
cultivars, indicating a need for further research in this
area.
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