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ABSTRACT

A three-year experiment was conducted to determine the influence of ripening, variety and the production year (2017-2019) on seed
and fruit quality of eggplant. The 1000 seed weight, germination capacity, the total protein and oil content of seeds as well as the total
protein and sugar content of fruits were determined in three ripeness phases across three production years. All examined varieties exhibited
significant differences in the weight of 1000 seeds during ripening, which varied from 1.44 to 4.42 g. Seeds extracted from fruits that
reached commercial ripeness did not germinate. As the fruit ripens, its total sugar and protein content decreases, while the reverse is
detected in the case of total protein and oil content of seeds. The full ripeness phase was the optimal time for harvesting fruits to obtain

high germinating seeds.
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INTRODUCTION

There are two opinions about the geographical origin of
eggplant (Solanum melongena 1..). The first one is that the
plant is native to India and Indochina (Bhaduri, 1951;
Vavilov, 1951; Li, 1969; Zeven and Zhukovsky, 1975;
Lester and Hasan, 1991). The other is that eggplant
originated from Southwest Asia, Arabia, Japan and China
(Khan, 1979). Some authors claim in their studies that
Solanum melongena originated from the African species
Solanum incanum (Karihaloo and Gottileb, 1995).

Eggplant is produced worldwide on 1,847,787 ha with
the average yield of about 30 tones per hectar. Leading
countries in areas harvested are: China (781,695 ha), India
(727,000 ha), Egypt (43,818 ha), Indonesia (43,954 ha),
Turkey (23,337 ha) and others (FAO, 2019). Having been
introduced from Turkey to Serbia over 100 years ago,
eggplant has been grown mostly in gardens, while the
production in the open field has been increasing in recent
years.

Fruits of Solanaceae family show great morphological
diversity including size, shape and color, both within and
between different species (Wang et al., 2015). Fully ripe

fruits take on dark brown, yellow-brown or dark yellow
color. The chemical composition of the fruit s significantly
influenced by season, cultivation environment (San José
etal., 2014), ripening (Esteban et al., 1992; Mennella et al.,
2012; Zaro et al., 2014) and genotype (Raigon et al., 2008;
Kaur et al., 2014; Nifio-Medina et al., 2014; Quamruzzaman
et al., 2020; Martinez-Ispizua et al., 2021).

When conditions for production are optimal, it takes 7 to
10 days for the eggplant plant to sprout. The length of
the vegetation period necessary for reaching commercial
ripeness is from 115 to 130 days on average, while for full
ripeness this period is from 145 to 175 days in the case of
genotypes grown in agroecological conditions of Serbia
(Takac and Gvozdenovié, 2005).

Seeds are small, flat, kidney-shaped. The weight of 1000
seeds ranges from 4 to 6 g. In seed production, the harvest
usually starts 70 days after flowering, when fruits reach full
ripeness and acquire a brownish color. Khatun et al. (2009)
advise that seeds should be extracted at the optimal time in
order for them to have high germination. After fertilization,
it takes from 50 to 55 days for seeds to ripen (Chen and Li,
1995). Producers, tending to achieve the highest possible
seed yields, often harvest semi-ripe fruits (of white-purple
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color), which results in the formation of light and hollow
seeds of lower germination capacity.

Taking into consideration the production practice of
eggplant, the aim of this study was to determine the effect
of ripeness, genotype and the year of production on the
germination of eggplant seeds, as well as the quality of
eggplant fruits and seeds, with a view to determining the
optimal time for fruit harvesting;

MATERIALS AND METHODS

The experiment was conducted across 2017, 2018 and
2019 on the plots of the Institute of Field and Vegetable
Crops in Novi Sad, Serbia (Rimski Sancevi, E45°19°52.2”N,
19° 50°10.4”E). Seeds were sown in a greenhouse in
the beginning of April. Transplanting to the open field
took place in the second half of May by a random block
system in five plots (the total of 250 plants per variety or
50 plants of each variety per plot). The distance between
rows was 70 cm, and the distance between plants in a row
was 50 cm. Fruits of tested eggplants were harvested at
three stages: commercial ripeness stage (dark purple skin
color), semi-ripe fruits (white-purple or gray-white skin
color) and fully ripe fruits (brown-yellow skin color). The
rate of reaching commercial ripeness, semi-ripeness and
tull-ripeness was determined by counting the number of
days from the flowering of the first flower to the flowering
of half of the flowers in each plot (Table 1). Each flower
was marked by a date (Fig. 1).

The research included three eggplant varieties:

1. Serbian variety (Fig. 2) - Serbian early-ripening
variety of eggplant, which belongs to the West Asian
subspecies Solanum melongena ssp. occiddentale. The fruit
is oval, dark purple to dark blue, weighing 243 ¢
(commercial ripeness);

Fig 1. A flower marked by date.
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Fig 2. Serbian variety.

2. Chinese variety (Fig. 3) - Chinese late-ripening variety
of eggplant. The fruit is elongated, shiny, dark purple
to black. The average weight of the fruit is 228 g;

Fig 3. Chinese variety.

3. Italian variety (Fig. 4) - Italian medium-late ripening
variety of eggplant. The fruit is large, long, purple to
dark purple. The weight of the fruit is 315 g.

Fig 4. ltalian variety.
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Harvested fruits were cut into smaller pieces and left
to ferment for three days. After washing and drying,
seeds were stored in paper packages (bags), and after
60 days the weight of 1000 seeds and germination
(the first count - 7 days and the final count - 14 days)
of unprocessed seeds were examined (ISTA rules,
2017).

In addition to morphological and germination analyses,
plant material (fruits and seeds) were sampled for
biochemical analyses and stored under -20 °C immediately
after the harvest. In both fruits and seeds, the total
protein content was determined by the Kjeldahl method
(crude protein was assessed by the Kjeldahl method using
the value of 6.25 as a conversion factor of nitrogen to
protein). Total sugar content in fruits was determined by
the Luff-Schootl method, and oil content in seeds was
determined by the Soxhlet method, extracting the oil for
8 hours at 70 °C. All results are expressed as % of fresh
or dry weight.

The statistical analysis of the experimental results was
carried out using the software package Statistica 13 (2015),
StatSoft, Inc., Tulsa, OK, USA.

Data on weather conditions (temperature and precipitation)
were obtained from the Republic Hydrometeorological
Service of Serbia (http://www.hidmet.gov.rs/) (Figs. 5,
6 and 7).

Table 1: The average number of days for a specific ripeness
phase of eggplant fruits of tested varieties

RESULTS AND DISCUSSION

Most researchers consider that, for the purpose of seed
production, fruits should be harvested 55 to 60 days after
flowering in order to achieve better seed quality (Demir
etal., 2002; Rashid and Singh, 2000; Chen, 2001; Yogeesha
et al., 2008; Passam et al., 2010a). However, it depends
on the variety and season. The average number of days
necessary for fruit ripening and counted from the beginning
of flowering are presented in Table 1. The Serbian variety
ripens 12 days before the Italian variety and 32 days before
the Chinese variety. This data cleatly indicates that the
established differences are varietal characteristics.

The weight of 1000 seeds

Results on the weight of 1000 seeds obtained in this
experiment are presented in Table 2. The lowest weight of
1000 seeds was identified in the case of fruits at the stage
of commercial ripeness (from 1.45 to 1.74 g). The weight
of 1000 seeds extracted from semi-ripe fruits ranged from
2.55 to 2.84 g, while seeds from fully ripe fruits were the
heaviest - from 4.16 to 4.42 g (Table 2). These results are in
accordance with the ones obtained by Takac¢ et al. (2015).
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Fig 7. Air temperatures and precipitation in 2019 at the growing site
of tested eggplants varieties.
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Table 2: The weight of 1000 seeds and germination capacity
of three different eggplant varieties in different ripeness
phases. A three-year average (2017-2019) + standard error of
mean (SE). The analysis of variance, Fisher LSD test

Variety (v) Ripeness The weight Germination
phase (rp) of 1000  First count Final count
seeds () (%) (%)
Serbian Commercial 1.69+0.02  0.00+0.00  0.00+0.00
variety ripeness
Semi 2.77+0.06  3.00+0.31  4.53+0.46
ripeness
Full 4.42+0.05 65.73+1.05 78.20+0.80
ripeness
Chinese Commercial 1.45+0.02  0.00+0.00  0.00+0.00
variety ripeness
Semi 2.55+0.04 4.07+0.37 5.86+0.42
ripeness
Full 4.16+0.05 71.13+0.70 79.80+0.70
ripeness
Italian Commercial 1.74+0.02  0.00+0.00  0.00+0.00
variety ripeness
Semi 2.84+0.038 2.60+0.31 4.27+0.34
ripeness
Full 4.23+0.04 68.93+0.87 75.13+1.02
ripeness
CV % 38.47 N/A N/A
LSD,, (0.01) 0.12 1.51 1.47
LSD,, (0.05) 0.10 1.22 1.18
LSD, (0.01) 0.68 19.73 22.17
LSD, (0.05) 0.55 15.86 17.82

Demir et al. (2002) reported that the weight of 1000 seeds
of eggplant ranged from 4 to 5 g and reached its maximum
70 days after fertilization. Similar results were obtained
by Passam et al. (2010b) showing that the weight of 1000
seeds extracted from unripe fruits was 1.0 to 2.4 g, while
the weight of 1000 seeds extracted from fully ripe fruits was
from 4.0 to 5.3 g. Taking into account all the varieties, the
weight of 1000 seeds extracted from semi-ripe fruits was
40% higher in comparison with seeds extracted from fruits
at the stage of commercial ripeness, while the weight of
1000 seeds extracted from fully ripe fruits was 36% higher
in comparison with seeds extracted from semi-ripe fruits.

Seed germination

Eggplant seeds have good germination 45 to 50 days after
tertilization, reaching 96.5% to 99.0% (Demir et al., 2002).
Germination test results (the first count) showed that seeds
extracted from fruits that reached the stage of commercial
ripeness did not germinate (Table 2). Seeds extracted from
semi-ripe fruits had a low germination percent - in the first
count from 2.60% to 4.07% and in the final count from
4.27% to 5.86%, which agrees with the results obtained in
the study by Takac et al. (2015).

The highest germination in the first count was recorded
in seeds extracted from fully ripe fruits, which means
that seeds had fully ripened, as well. The Chinese variety
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had the highest germination capacity in both counts. The
Serbian variety had the lowest germination capacity in the
first count, while, in the second count, the variety with
the lowest germination was the Italian one (Table 2). Seed
germination was significantly affected by the ripeness
phase, the variety, the year of production and the ripeness
phase-by-the year of production interaction (Table 3). The
obtained results point out that the full ripeness phase was
the optimal time for harvesting fruits.

The analysis of variance (0t = 0.01) revealed statistically
very significant differences among the values of each
of the observed parameters depending on the ripeness
phase, the variety and the year of production. The Tukey
test showed a significant difference among the values of
the aforementioned parameters primarily in regard to the

ripeness phase (Table 3).

Total protein content in seeds

Seeds extracted from fruits at the stage of commercial
ripeness had the lowest total protein content (from 13.04%
to 17.49%) (Table 4). The total protein content in seeds
extracted from semi-ripe fruits ranged from 17.17% to
18.15%. The Italian variety had the highest percentage
of total protein content in seeds extracted from fully ripe
fruits (19.92%). However, the lowest total protein content
in seeds extracted from fully ripe fruits was recorded in
the Serbian variety (19.10%). This research shows that
the biggest change in the total protein content occurred
when fruits of the Serbian and Italian varieties entered the
phase of semi-ripeness and when fruits of the Chinese
variety entered the phase of full ripeness. An interesting
observation is that, in the full ripeness phase, the lowest
total protein content was established in seeds of the Serbian
variety, which, however, had the highest weight of 1000
seeds (4.42 g).

Total oil content in seeds

In the initial stages of fruit development, the total oil
content in seeds is the lowest, but it gradually increases
during ripening. The total oil content in seeds extracted
from fruits at the stage of commercial ripeness ranged from
8.58% to 11.03%, and in those extracted from fruits at the
stage of semi-ripeness from 11.52% to 13.42% (Table 4).
The highest oil content was identified in seeds extracted
from fully ripe fruits of the Italian variety (18.74%), while
the lowest oil content was found in the Serbian variety
(15.18%). The total oil content was significantly affected
by the ripeness phase, the variety, the year of production
and the ripeness phase-by-the variety interaction (Table 3).
The obtained results do not indicate a relation between the
weight of 1000 seeds and the total oil content in seeds in
the full ripeness phase. Based on this, it can be concluded
that the total oil content in seeds is a varietal characteristic.
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Table 3: Mean values and their significance for the weight of 1000 seeds, germination capacity and biochemical parameters (dry
weight — dw, fresh weight — fw). The analysis of variance, Tukey test

Treatment The weight Germination Total seed protein  Total seed Total fruit Total fruit
of 1000 First Final count (% dw) oil (% dw) sugar protein
seeds (g) count (%) (% fw) (% dw)
(%)

Commercial 1,63 ¢ 0,00 ¢ 0,00 c 15,36 ¢ 10,07 ¢ 1,77 a 21,76 a

ripeness

Semi 2,72b 3,22 b 4,89b 17,68 b 12,38 b 1,27 b 19,50 b

ripeness

Full ripeness 4,27 a 68,60 a 77,71 a 19,58 a 16,82 a 0,80 ¢ 15,92 ¢

Serbian 2,96 a 2291 a 27,58 a 16,44 b 11,76 a 1,26 b 18,47 b

variety

Chinese 2,72 a 25,07 a 28,56 a 18,32 a 13,66 a 1,01 b 18,50 ab

variety

Italian 2,94 a 23,84 a 26,47 a 17,87 a 138,86 a 1,56 a 20,21 a

variety

2017 2,77 a 22,44 a 26,40 a 17,66 a 12,34 a 1,10b 19,35 b

2018 2,89 a 2491 a 28,58 a 17,04 a 13,19 a 1,25 ab 16,49 c

2019 2,96 a 24,47 a 27,62 a 17,983 a 13,74 a 1,48 a 21,35a

Ripeness ** *x *x ** *x *x **

phase (RP)

Variety (V) ** - - ** *x *x **

Year (Y) o ok ok e o o ok

RP x V ns > ns > > ns **

RP x Y ns > * ns ns > ns

VxY ns ns ns ns ns ns **

RP xV xY ns ns ns ns ns > ns

** — significance at 0.01 probability level; ns — non significant

Table 4: Biochemical parameters of three different eggplant varieties in different ripeness phases. A three-year average
(2017-2019) + standard error of mean (SE), dry weight — dw, fresh weight — fw. The analysis of variance, Fisher LSD test

Variety (v) Ripeness phase (rp) Total seed protein (% dw) Total seed oil (% dw) Total fruit sugar (% fw) Total fruit
protein (%
dw)
Serbian Commercial ripeness 13.04+0.39 8.58+0.13 1.69+0.02 20.15+0.54
variety Semi ripeness 17.17+0.33 11.52+0.12 1.33+0.04 19.31+0.52
Full ripeness 19.10+0.19 15.18+0.19 0.75+0.03 15.96+0.85
Chinese Commercial ripeness 17.49+0.21 11.03+0.21 1.563+0.10 20.61+0.72
variety Semi ripeness 17.73+0.19 13.42+0.28 0.92+0.01 19.62+0.66
Full ripeness 19.73+0.21 16.54+0.33 0.60+0.04 15.26+0.52
Italian Commercial ripeness 15.55+0.35 10.61+0.14 2.09+0.08 24.53+0.59
variety Semi ripeness 18.15+0.26 12.22+0.13 1.55+0.08 19.56+0.49
Full ripeness 19.92+0.22 18.74+0.47 1.05+0.01 16.54+0.52
CV % 13.05 24.24 39.64 18.55
LSD, (0.01) 0.93 0.92 0.19 1.60
LSD, (0.05) 0.75 0.74 0.16 1.29
LSD, (0.01) 1.33 1.88 0.28 2.13
LSD, (0.05) 1.07 1.51 0.23 1.72

Total sugar content in the fruit

San José et al. (2014) recognized differences in fruit sugar
content at the stage of commercial ripeness of various
genotypes depending on the method of cultivation and the
season. The total sugar content in fruits harvested in the
phase of commercial ripeness was from 1.53% to 2.09%,
while in semi-ripe fruits it ranged from 0.92% to 1.55%
(Table 4). Fully ripe fruits had the lowest total sugar content
(from 0.60% to 1.05%). It can be concluded that the total
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sugar content in fruits of the examined varieties decreases
during ripeness. These results indicate that, in each phase of
ripeness, fruits of the Chinese and the Italian varieties have
the highest and the lowest total sugar content respectively.
The total sugar content in fruits was significantly affected
by the ripeness phase, the variety, the year of production
and the interaction between the ripeness phase and the year
of production as well as the interaction among the ripeness
phase, the variety and the year of production (Table 3).
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Total protein content in the fruit

Fruits reach the highest value of total protein content in
the phase of commercial ripeness. The total fruit protein
content of the examined varieties decreases during ripening
(Table 4), while the total protein content in seeds increases,
which means that during ripening, protein passes from
the fruit into the seed. The Italian variety had the highest
total fruit protein content in the phase of commercial
ripeness (24.53%). The research by Raigon et al. (2010)
points out that protein content is a varietal characteristic,
which agrees with the results obtained in this study. There
was noticed a statistically significant difference among the
values of the total protein content in fruits depending
on the ripeness phase, the variety, the year of production
and the interaction between the ripeness phase and the
variety as well as between the variety and the year of
production (Table 3). This suggests that the total protein
content in fruits does not only depend on the variety. It is
also significantly affected by the ripeness phase as well as
conditions in the year of production.

CONCLUSION

This research of eggplant seeds and fruits is important
in terms of optimizing the time of fruit harvesting and
extracting fully ripe seeds of high germination. The optimal
ripening of the fruit enables the extraction of quality seeds
and their simpler and more economical processing. The
obtained results showed that seeds extracted from fruits
in the phase of commercial ripeness did not germinate,
while those extracted from fully ripe fruits had the highest
germination. Results obtained in this study indicate that
there is a relation between the weight of 1000 seeds and
the weight of fruits, but no relation between the weight of
1000 seeds and germination capacity or the total protein
and oil content in seeds. As the fruit ripens, its total sugar
and protein content decreases, while the reverse is detected
for the total protein and oil content of seeds. The presented
results could be of great importance in eggplant seed
production contributing to higher and more stable yields.
Much more attention should be paid to this very interesting
topic in further research.
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