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Abstract: This work was conducted on the use of the RE (radicle emergence) test to estimate the
seedling emergence (SE) and quality (seedling shoot weight (SSW), seedling root weight (SRW)
and seedling height (SH)) of twelve hybrid cucumber seed lots with high germination (>95%) at
low temperature conditions, high salt conditions and a combination of the two. The percentages
of RE, which is a 2 mm radicle protrusion at 25 ◦C in the dark, were counted between 18 h and
32 h. The seeds were sown in peat moss in trays and kept at 15 ◦C (low temperature stress), or
salty water was applied as 100 mM NaCl at 25 ◦C (salt stress) for three days, and both were applied
in a combined-stress environment. Seedling emergence and quality parameters were reduced by
both stress environments and their combination. SE, SSW, SRW and SH values ranged between:
91–100%, 614–844 mg, 102–143 mg, 6.8–8.8 cm at low temperature; 90–98%, 598–904 mg, 101–154 mg,
6.5–7.8 cm at salt stress; and 76–92%, 464–608 mg, 97–133 mg, 5.8–6.9 cm at their combination. The RE
values with great differences seen among the lots (20–28 h) were regressed with seedling emergence
and quality values. RE 24 h had the highest R2 and significant values in all stress environments as
R2 = 0.596–0.858, p < 0.05–0.001 at low temperature; R2 = 0.620–0.827, p < 0.05–0.001 with salt; and
R2 = 0.686–0.842, p < 0.05–0.001 with combined stresses. We concluded that RE as a vigour test can be
used successfully to estimate the seedling quality of highly germinating hybrid cucumber seed lots.
Use of the RE test in hybrid cucumber seeds and its influence on high-quality seedling production
were discussed.

Keywords: cucumber; hybrid seeds; low temperature; RE test; salt stress; seedling quality

1. Introduction

High-quality transplant production is an important issue in vegetable crops. Most
summer season vegetables such as cucumbers are produced through transplants. High-
quality transplants and their size are related to high seed quality (i.e., germination rate)
as faster emerging seeds produce larger-sized seedlings. This has been experimentally
proven in maize [1], tomato [2], pepper [3], rocket [4], bean [5] and cauliflower [6] seed lots.
The production of cucumbers under glasshouse conditions is conducted with F1 hybrid
seeds, which are high-value inputs. Cucumber seeds in general have high germination
percentages, but the standard germination tests may not necessarily indicate the seedling
emergence potential. Therefore, seed vigour based on the differences among seed lots
with high germination percentages under field or glasshouse (stressful) conditions are
preferred [7,8]. Perry [9] defined seed vigour as follows: “Seed vigour is a sum of those
properties that determine the activity and level of performance of seed lots of acceptable
germination in a wide range of environments”. This has evolved and extended to the
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current International Seed Testing Association (ISTA) definition: “Seed vigour is the sum of
those properties that determine the activity and performance of seed lots of acceptable ger-
mination in a wide range of environments” [10]. It is a concept that describes the rate and
uniformity of seedling growth and the emergence ability of seeds under unfavourable envi-
ronmental conditions. Cucumber seeds require reasonably high temperatures (i.e., 25 ◦C)
for optimum germination [11,12]. The temperature may be sub-optimal in late winter or
early spring sowings in the glasshouse. Saline conditions can reduce the rate of germination
and the size of seedlings [13], particularly in the early germination stage, and this results
in lower transplant quality and seedling size [14,15]. Vigour tests add to the information
provided by the standard laboratory germination test by measuring the potential of seed
lots with high levels of normal germination to emerge and produce high-quality transplants
under stressful conditions. There are various seed vigour tests, such as accelerated ageing in
soybeans, electrical conductivity in peas and controlled deterioration in brassicas, that have
been validated by ISTA. However, quick, reliable and easy vigour assessments are valuable
for the seed industry. The RE test (early single count of radicle emergence) has been vali-
dated by ISTA to assess seed vigour in maize, radishes, oil seed rape and wheat [16]. The
RE test has been related to seedling emergence potential in various species [4,6,17–19]. The
physiological basis of the RE test is the time (lag period) between imbibition and radicle
emergence, which is longer in low-vigour (aged) seeds than in undeteriorated (high-vigour)
seeds [20,21]. This is because metabolic repair of deterioration takes place during the lag
period, which is longer in aged seed lots.

The optimum RE count time varies among the species in relation to the prediction
of seedling emergence: for example, 68 h in watermelon, 44 h in melon and 48 h in
cucumber [12], 66 h in maize [1], 48 h in viola [22], 48 h in Geranium and Gazania [23],
120 h in leek [24], 52 h in oat [25], 24 h in alfalfa and white clover [17], 48 h in French
bean [5], 48 h in petunia [18], 49/66 h in marigold [19], 24h in rocket [4] and 20 h in Chinese
milk vetch [26]. This shows that the optimum RE count is influenced by the germination
physiology of each species as well as by the germination temperature. For example, RE
at 66 h at 20 ◦C or 6 days at 13 ◦C is significantly related to field emergence in maize [1].
Higher correlation values were reported between the RE count and normal germination
percentages in aubergine, even though 104 h was found to be successfully predictive [27].
Similarly, RE at 48 h was found to successfully predict normal germination at constant and
variable temperatures in cucumber seed lots [28]. In the other work, 48 h at 25 ◦C gave
the best RE number for the relationship between field emergence and salt stresses at low
temperatures in open-pollinated cucumber seed lots in field sowings [12]. However, it
is likely that RE can also be influenced by the production type of seeds such as hybrids,
which are produced through crossing between two different parent lines (i.e., heterosis)
and can have very different genetic backgrounds compared to open-pollinated types.
Mavi et al. [12] tested a stress environment in the field, but hybrid cucumber transplants
are produced in greenhouse conditions and seeds are sown in peat moss.

In this study, our aim was to test whether RE can estimate transplant quality as
measured by seedling shoot and root fresh weight and seedling height under low tem-
perature and salt stress conditions in cucumber lots. All cultivars were F1 hybrids and
had high standard laboratory germination (>95%, normal germination). We tested RE as
a vigour test to discriminate cucumber seed lots in relation to their potential to produce
high-quality transplants.

2. Materials and Methods

Twelve F1 hybrid cucumber seed cultivars (Cucumis sativus L.) produced in 2020 and
2021 were obtained from different companies (Table 1). The cultivars were Nun 32357, Nun
32355, Nun 32359, Nun 32427, SC 180368, Senyal, Nobel, Samba, Princestar, Captainstar,
Dimstar and Julystar. The seeds were kept at 5 ◦C in sealed aluminium foil packets until
use (approximately two months).
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Table 1. Normal germination percentages and production year of hybrid cucumber seed cultivars.
NG means with different letters are significant at the 5% level.

CULTIVARS No NG (%) Production Year

NUN 32357 CUS 1 98 a 2021
NUN 32355 CUS 2 95 b 2020
NUN 32359 CUS 3 95 b 2021
NUN 32427 CUS 4 98 a 2020

SC 180368 5 100 a 2020
SENYAL 6 95 b 2021
NOBEL 7 100 a 2021
SAMBA 8 100 a 2020

PRINCESTAR 9 98 a 2020
CAPTAINSTAR 10 98 a 2021

DIMSTAR 11 100 a 2020
JULYSTAR 12 98 a 2021

For germination tests, three replicates of 50 seeds per cultivar were placed between
paper towels (Filtrak, Niederschlag, Germany) (200 × 200 mm) and moistened with 10 mL
distilled water. The rolled paper towels were then placed in plastic bags in order to prevent
water loss during the test. The bags were held at 25 ◦C for eight days in the dark. Radicle
emergence test counts (RE) (number of seeds with a radicle ≥ 2 mm-long) were made at
18, 20, 22, 24, 26, 28, 30 and 32 h. The counting was performed by taking samples from the
incubator and took less than a minute for each replicate. Normal germination percentages
were determined after the 8th day of the germination test [16].

The seedling emergence tests were conducted with three replicates of 25 seeds in each
seed lot at low temperature, salt stress and the two combined. The seeds were sown 3 cm
deep in compost (Plantaflor, Humus Verkaufs, GmBH, Vechta, Germany) in sandwich boxes
(360 × 220 × 60 mm). After sowing, the boxes were put in the growing cabinet at 15 ◦C and
kept in the dark for three days for low temperature stress. For salt stress, the boxes were
watered with 100 mM NaCl and kept at 25 ◦C for 3 days. For combined stresses, the boxes
were watered with 100 mM NaCl and kept in the dark for 3 days at 15 ◦C. After that, all
boxes were transferred to a growing cabinet for 14 days at 20 ± 2 ◦C. Light was provided
by cool fluorescent lamps (Philips, Hamburg, Germany) at a rate of 78 µmol m−2 s−1 for
12 h d−1 at the seedling level. The relative humidity in the cabinet was maintained above
75% throughout the experiment to minimize water loss from the boxes. Watering was
done with an equal amount of distilled water and at the same time of the day for each box.
The boxes were rotated every day in the growing cabinet to obtain uniform temperatures
during emergence (Figure 1). The appearance of a hypocotyl hook on the compost surface
was used as an emergence criterion, and emerged seedlings were recorded daily at the
same time of day. To determine seedling growth, destructive harvests were taken 14 days
after sowing on 10 randomly selected and normally developed seedlings of each replicate
in each cultivar and stressful environment (Figure 2). Then, 30 seedlings in each lot were
taken out of the peat moss and cleaned, and seedling height (cm/plant), shoot (mg/plant
above ground) and root fresh weight (mg/plant below ground) were determined.

Duncan’s multiple range tests were performed using SPSS (IBM version 25) as a ran-
domized complete block design (p < 0.05) in order to compare the means. Moreover, corre-
lation coefficient (r) values were determined between RE counts and seedling emergence,
seedling shoot and root fresh weight and seedling height. Finally, regression coefficients
(R2) were also performed.
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Figure 1. (a): cucumber seedlings in the growing cabinet, (b): seedling growth at 15 °C +salt, (c): 
seedling growth at salt, (d): seedling growth at 15 °C, (e): seedling growth at control. 

 
Figure 2. (a): normal and abnormal seedlings at 15 °C +salt, (b): normal and abnormal seedlings at 
salt, (c): normal and abnormal seedlings at 15 °C, (d): normal and abnormal seedlings at control. 

Duncan’s multiple range tests were performed using SPSS (IBM version 25) as a 
randomized complete block design (p < 0.05) in order to compare the means. Moreover, 
correlation coefficient (r) values were determined between RE counts and seedling 
emergence, seedling shoot and root fresh weight and seedling height. Finally, regression 
coefficients (R2) were also performed. 

3. Results 
3.1. Changes in RE Counts 

Total germination (radicle emergence) percentages after 8 days were 100% in all seed 
lots (unpresented data). The normal germination capacity of the twelve seed lots ranged 
between 95 and 100%, which is well above the commercially acceptable level (Table 1). A 
comparison of the RE counts of the seed lots between 18 and 32 h showed that differences 
between the lots were particularly clear in the first 24 h. Four seed lots out of 12 had faster 
germination and reached 98–100% after 24 h (Figure 3), while germination in the 

Figure 1. (a): cucumber seedlings in the growing cabinet, (b): seedling growth at 15 ◦C +salt,
(c): seedling growth at salt, (d): seedling growth at 15 ◦C, (e): seedling growth at control.
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Figure 2. (a): normal and abnormal seedlings at 15 ◦C +salt, (b): normal and abnormal seedlings at
salt, (c): normal and abnormal seedlings at 15 ◦C, (d): normal and abnormal seedlings at control.

3. Results
3.1. Changes in RE Counts

Total germination (radicle emergence) percentages after 8 days were 100% in all seed
lots (unpresented data). The normal germination capacity of the twelve seed lots ranged
between 95 and 100%, which is well above the commercially acceptable level (Table 1).
A comparison of the RE counts of the seed lots between 18 and 32 h showed that differences
between the lots were particularly clear in the first 24 h. Four seed lots out of 12 had faster
germination and reached 98–100% after 24 h (Figure 3), while germination in the remaining
eight lots increased until 32 h. By this hour, lot 1 had 88% RE and lot 2 had 90% RE, while
the others had 98–100% RE.
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ones (Tables 2–4). Combined stresses reduced emergence to as low as 76% (lot 9). There 
were differences in the seedling emergence of lots with similar normal germinations. For 
example, lots 5 and 11 had 100% normal germination percentages, but seedling emergence 
was 98-93% at low temperature, 97–93% with salt and 78–86% in combined stress 
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Figure 4. The relationship between radicle emergence percentages after 24 h (RE 24 h) after 
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Figure 3. Germination progress curves to radicle emergence (RE > 2 mm) between 18 and 32 h at
25 ◦C of 12 hybrid cucumber seed lots.

3.2. Seedling Emergence at Low Temperature and Salt Stresses

Seedling emergence percentages ranged between 91 and 100%, 90 and 98%, and
76 and 92% in low temperature, salt and the combination, respectively. Significance among
the seed lots regarding emergence was greater in combined stresses than in individual
ones (Tables 2–4). Combined stresses reduced emergence to as low as 76% (lot 9). There
were differences in the seedling emergence of lots with similar normal germinations. For
example, lots 5 and 11 had 100% normal germination percentages, but seedling emergence
was 98–93% at low temperature, 97–93% with salt and 78–86% in combined stress conditions
(Figures 4–6). Similar cases were also seen in the different seed lots.
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Figure 4. The relationship between radicle emergence percentages after 24 h (RE 24 h) after germi-
nation test were set up at 25 ◦C and seedling emergence (%), seedling shoot weight (mg), seedling
root weight (mg) and seedling height (cm) of 12 hybrid cucumber seed lots in low temperature stress.
Seedling parameters were calculated after 14 days, in which seedling trays were kept at 15 ◦C for
3 days and 22 ◦C subsequently. Values were derived from Table 2. * p < 0.05, *** p < 0.001.
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Table 2. Variation in seedling emergence (SE, %), seedling shoot weight (SSW, mg), seedling root
weight (SRW, mg) and seedling height (SH, cm) with low temperature stress. Means with different
letters are significant at the 5% level in each column.

Lots Low Temperature Stress (15 ◦C)

SE (%) SSW (mg) SRW (mg) SH (cm)

1 95 bcd 709 cd 110 ab 6.9 c

2 91 d 639 e 106 ab 6.9 c

3 96 abc 590 e 112 ab 6.9 c

4 100 a 881 a 143 a 8.8 a

5 98 ab 704 cd 130 ab 7.3 c

6 98 ab 815 b 132 ab 7.2 c

7 100 a 844 ab 138 ab 8.3 ab

8 98 ab 735 c 137 ab 8.0 b

9 95 bcd 614 e 102 b 6.8 c

10 93 cd 625 e 129 ab 7.2 c

11 93 cd 636 e 120 ab 7.1 c

12 100 a 649 de 119 ab 7.0 c

Range 91–100 614–844 102–143 6.8–8.8
Means with different letters are significant at the 5% level in each column.
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Figure 5. The relationship between radicle emergence percentages after 24 h (RE24 h) after the
germination test was set up at 25 ◦C and seedling emergence (%), seedling shoot weight (mg),
seedling root weight (mg) and seedling height (cm) of 12 hybrid cucumber seed lots in salt stress.
Seedling parameters were calculated after 14 days, in which seedling trays were watered with
100 mM of NaCl for 3 days and tap water subsequently. Values were derived from Table 3. * p < 0.05,
*** p < 0.001.
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Table 3. Variation in seedling emergence (SE, %), seedling shoot weight (SSW, mg), seedling root
weight (SRW, mg) and seedling height (SH, cm) at salt stress. Means with different letters are
significant at the 5% level in each column.

Lots Salt Stress (100 mM)

SE (%) SSW (mg) SRW (mg) SH (cm)

1 92 ab 719 cde 110 ab 6.8 def

2 90 b 685 cde 119 ab 6.6 ef

3 90 b 627 de 118 ab 7.1 bcde

4 98 a 904 a 154 a 7.8 a

5 97 ab 737 bcde 133 ab 7.2 abcde

6 95 ab 788 abc 135 ab 7.5 abcd

7 97 ab 860 ab 150 a 7.6 abc

8 97 ab 756 bc 141 ab 7.7 ab

9 93 ab 598 e 101 b 6.5 f

10 93 ab 725 cde 130 ab 7.0 cdef

11 93 ab 632 de 125 ab 7.3 abcd

12 95 ab 684 cde 123 ab 7.2 abcde

Range 90–98 598–904 101–154 6.5–7.8
Means with different letters are significant at the 5% level in each column.
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Figure 6. The relationship between RE 24 h at 25 ◦C and seedling emergence (%), seedling shoot
weight (mg), seedling root weight (mg) and seedling height (cm) of 12 hybrid cucumber seed lots
at low temperature and salt stress combinations. Values were derived from Table 4. * p < 0.05,
** p < 0.01, *** p < 0.001.
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Table 4. Variation in seedling emergence (SE, %), seedling shoot weight (SSW, mg), seedling root
weight (SRW, mg) and seedling height (SH, cm) at low temperature and salt stress combination.
Means with different letters are significant at the 5% level in each column.

Lots Low Temperature Stress (15 ◦C)+ Salt Stress (100 mM)

SE (%) SSW (mg) SRW (mg) SH (cm)

1 87 ab 491 def 101 cd 5.8 d

2 83 abc 491 def 104 cd 6.0 cd

3 83 abc 464 f 104 cd 6.2 cd

4 92 a 608 a 140 a 6.8 a

5 78 bc 548 bc 119 bc 6.9 a

6 88 a 511 dcef 119 bc 6.8 ab

7 90 a 584 ab 133 ab 6.9 a

8 90 a 535 dc 133 ab 6.5 abc

9 76 c 468 f 97 d 6.0 d

10 86 ab 492 def 112 cd 6.3 bcd

11 86 ab 519 cde 109 cd 6.2 cd

12 92 a 474 ef 116 bc 5.9 d

Range 76–92 464–608 97–133 5.8–6.9
Means with different letters are significant at the 5% level in each column.

3.3. Correlation Values in between RE and SEEDLING Parameters

The RE count values were correlated (r) with seedling quality parameters, and the
r values are shown in Table 5. RE 24 h had consistently high r values in all three stress
conditions. The significance of this RE count was higher than p < 0.01 in all 12 parameters
measured (9: p < 0.001, 3: p < 0.01). Regression values were conducted between RE 24 h
and seedling quality parameters at the two individual conditions and the combined stress
condition. The regression values ranged between R2 = 0.596 and 0.858 in low temperature,
R2 = 0.620 and 0.827 in salt and R2 = 0.686 and 0.842 in combined stress conditions and
were significant (p < 0.05–0.001) at all twelve (3 stresses × 4 parameters) cases (Figures 4–6).

Table 5. Correlation coefficient values (r) for hybrid cucumber lots between RE after 20, 22, 24, 26 and
28 h at 25 ◦C, NG and their seedling emergence (SE, %), seedling shoot weight (SSW, mg), seedling
root weight (SRW, mg), seedling height (SH, cm) at low temperature, salt and combination stress.

Hours Low Temperature Stress (15 ◦C)

SE SSW SRW SH

20 0.8205 ** 0.8442 *** 0.8794 *** 0.8944 ***
22 0.7596 ** 0.8906 *** 0.9184 *** 0.8651 ***
24 0.7723 ** 0.8245 *** 0.9267 *** 0.8187 **
26 0.6894 * 0.7889 ** 0.9067 *** 0.67 **
28 0.7979 ** 0.6368 * 0.8653 *** 0.6839 *

NG 0.1954 ns 0.2222 ns 0.582 * 0.4257 ns

Salt stress (100 mM)

20 0.5225 0.8733 *** 0.8934 *** 0.8340 ***
22 0.4631 ns 0.8887 *** 0.8978 *** 0.8970 ***
24 0.7879 ** 0.8056 ** 0.9085 *** 0.9095 ***
26 0.3373 ns 0.7977 ** 0.9178 *** 0.8633 ***
28 0.4363 ns 0.6644 * 0.8697 *** 0.8317 ***

NG 0.4909 ns 0.2002 ns 0.3645 ns 0.3627 ns

Low temperature stress (15 ◦C) + Salt stress (100 mM)

20 0.8823 *** 0.7832 ** 0.8926 *** 0.7609 **
22 0.8860 *** 0.8116 ** 0.8928 *** 0.7934 **
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Table 5. Cont.

Low temperature stress (15 ◦C) + Salt stress (100 mM)

24 0.9177 *** 0.8283 *** 0.8652 *** 0.8657 ***
26 0.9324 *** 0.7955 ** 0.8609 *** 0.9138 ***
28 0.7668 ** 0.7291 ** 0.8670 *** 0.7653 **

NG 0.2135 ns 0.512 ns 0.4363 ns 0.3005 ns

* p = 0.05, ** p = 0.01, *** p = 0.001, ns: non-significant.

This shows that 59% and 85% of the variation in the seedling quality parameters was
accounted for by the regression on RE. Thus, seed lots with low seedling emergence, shoot
and root weight and seedling height can be identified by RE after 24 h. Seed lots with high
seedling parameters, such as lot 4 and 7, can be identified by a high RE count after 24 h.
In contrast, very low variation in the seedling parameters (11 out of 12 cases were non-
significant) was accounted for by the regression on standard germination (r = 0.1954–0.582)
(Table 5).

4. Discussion

The observations in this study indicated that the RE count at 24 h of seed germination
can be used to predict seedling emergence and quality at low temperature, salt stress and
a combined stress environment in cucumbers. The seed lots had various seedling quality
parameters under low, salt and their combination (Tables 2–4). Obviously, vigorous seed
lots had higher values than less vigorous ones. The correlation values between RE 24 h and
seedling emergence, shoot and root weight and seedling height were significant at various
levels (p < 0.05–0.001) in all three sowing environments (Figures 4–6). These significant
coefficients of determination between the RE counts and seedling quality show that a large
proportion of the variance in seedling emergence and size can be explained by RE (Table 5).
The RE count provided a more rapid test of the ability of a seed lot to produce better
seedling production potential under low temperature and salt stress environments. The RE
test will help to distinguish a seed lot that has better seedling production potential under
stressful conditions.

The prediction of seedling emergence by a single count of RE after 24 h in germination
tests at 25 ◦C supported previous findings that showed that RE can identify differences in
seedling emergence and growing potential [1,4–6,17–19,22–26].

In our study, RE distinguished the seedling production potential of seed lots with
normal germination of above 95% where all of the seed lots were hybrids. This indicates
that RE distinguishes seed lots with high germination percentages in regard to seed vigour,
which fits the definition of seed vigour as “Seed vigour is the sum of those properties that
determine the activity and performance of seed lots of acceptable germination in a wide
range of environments” [10]. Vigour tests are expected to add information about any lot
provided by the standard laboratory germination test in relation to the potential to produce
high emergence percentages and seed storage longevity [7,8]. Various seed lots had 100%
normal germination percentages, but seedling emergence percentages at low temperatures,
salt and combined stresses varied. For example, lots 5, 7 and 11 had various seedling
emergence percentages even though they had 100% normal germination (Tables 1–4). The
differences in emergence were more evident in the combined stress environment (Table 4). It
appears that vigour problems in commercial seeds may be more of a feature of species that
maintain high levels of germination of normal seedlings in standard laboratory germination
tests, particularly in stress sowings. This can be more important when they are carried over
and sown in more than one season, due to extended seed ageing. Low coefficient values
in 11 cases (p < 0.05) between normal germination, even though it is very high (between
95–100%), and seedling quality features indicate that standard laboratory germination is
not sufficient to discriminate potential seedling quality (Table 5). This confirms not only
the necessity of the vigour test to evaluate the seed lot quality to estimate seedling quality
potential but also the sound conclusion about RE as a successful vigour test in cucumbers.
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RE 48 h was related to normal germination percentages [29] and seedling emergence in
stressful field sowing environments [12] in cucumbers. We found that a much earlier count
of RE (24 h) was more successful in predicting potential emergence and seedling quality
(Table 5). In our study, the RE count was completed, and the differences among the lots
were lost by 32 h of the count (Figure 3). This may originate from the differences in the
quality of the seed lots that we used. Such fast germination (i.e., when hybrids are involved
in the research) makes very narrowly timed counting necessary (i.e., every 2 h). One other
reason for such fast RE counts was due to hybrid seed use and their very high normal
germination (95%) percentages. Therefore, the optimum RE count occurred much earlier
than what was suggested in open-pollinated cultivars [12,28]. This gives an indication that
optimum RE counts can vary when very high-quality seed lots are used. One way, in our
opinion, may be to make counts over a large range of time during germination to see the
differences among the lots or use lower germination to extend RE germination time as
Matthews et al. [1] did in maize seeds.

Differences in RE, as seen here, have been related to the degree of seed ageing and to
the metabolic repair of the deterioration caused by ageing before RE can occur [7,20,21,30].
It appears that, even though seed lots in hybrids were produced by optimum production
practices (harvesting, drying, etc.), some ageing may occur before RE, which influences the
lag period between water imbibition and radicle appearance. Moreover, hybrid seeds were
more likely to be stored in optimum storage conditions (cold storage) than are low-value
open-pollinated ones due to their high value. Therefore, ageing is likely to occur to a lesser
extent in hybrids.

In some earlier studies, RE was used to distinguish seed vigour in lots belonging to the
same cultivar [4,12]. More recently, RE has successfully differentiated normal germination
among lots belonging to different cultivars of lettuce [31]. It is easier to find more lots in
the same cultivar in open-pollinated species. Open-pollinated cultivars are produced by
many different companies in different regions. However, this is not the case with hybrid
ones, unless the lots have been produced in various growing environments or processed by
different methods. Therefore, each lot should be a unique cultivar. Furthermore, hybrid
seeds are expensive, and so it is not easy to get a large number of lots for research purposes.
Therefore, we considered each cultivar as a lot in this study.

Some abiotic stresses are predominant in cucumber growing conditions, such as
low temperature and salinity. Glasshouse cucumber production is characterized by early
production, and so seeds are sown in early spring or late winter in modules for seedling
production. At this time of the year, the temperature in the glasshouse may decline to
lower than optimum, particularly during the night, which makes germination slower
and decreases seedling quality [32]. Moreover, in the Mediterranean region, the use of
groundwater is common in production systems, and so salty water can be another reason
for the lowering of seedling quality [14]. Individual stress environments reduced seedling
emergence and quality (Tables 2 and 3), but when both stress factors were combined, the
reduction was greater. This was more prominent in some lots than in others. For example,
lot 5 had 97 and 98% emergence with salt and low temperature stresses, respectively,
but when the stresses were combined, the emergence was reduced to as low as 78%
(Tables 2–4). Similar reductions were also observed in the seedling quality measurements.
These results support the definition of seed vigour as discrimination performance of seed
lots of acceptable germination in a wide range of environments [10].

Manual RE counting is not an easy task when a large number of lots are concerned.
Automated systems to do this have been developed for such purposes [33]. An automated
system for the calculation of RE along with the determination of germination curves
and mean germination time has been successfully used by GEVES over 45 crops [34].
Comparison of an automated system with a manual one was tested and found successful
in oil seed rape [35] and cauliflower [6]. In our opinion, an automated machine system is
more useful for those seed lots that have high germination percentages and that germinate
faster, since more frequent counts are necessary to determine the differences in such lots.
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The RE count timings are not easy to determine unless the germination physiology of the
species is known. This is not a problem in machine counting. Moreover, opening and
closing the germination paper each time may be time consuming when many samples need
to be processed. We pay attention to being as gentle as possible in our work. However, this
may not be easy when a large number of lots must be dealt with and finished on time.

5. Conclusions

We identified the seedling emergence and quality potential of hybrid cucumber seed
lots by using an RE vigour test at low temperature and salt stress environments. This
reveals the potential for a rapid assessment of seed vigour in high-germinating seeds
(>95%) by the RE test. The RE 24 h count at 25 ◦C can give a fast and an efficient ranking of
cucumber seed lots regarding seedling quality. Our results can be used for automated use
of the RE test and the comparison by both manual and automated systems. This can be
used by transplant-producing companies in order to determine the seed vigour potential
of cucumber lots before sowing, particularly when low temperatures and salt stresses
are concerned.
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