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Abstract

The aim of this study was to determine relations occur-
ring between boiling water test, standard germination test and
field emergence of leek (Allium porrum L.) and onion (Allium
cepa L.) seeds. In this study, seeds of six lots (‘Kalem’, ‘Ala’,
‘Inegdl-A, B, C and D) from three cultivars of leek and seven
onion cultivars (‘Early Texas Grano’ (ETG), ‘Panku’, ‘Storm’,
‘Banko’, ‘Aki’, ‘Kisagiin’ and ‘Banka’) seeds were used as
plant material and their viability was evaluated in boiling water
test (BWT), standard germination test (SGT) and field emer-
gence (FE). The percentage of field emergence was evaluated
at three sowing times: 20 May (FE-I), 10 June (FE-II) and 20
July (FE-III). The mean germination of leek seeds varied from
77.5% to 100.0% and from 36.0% to 61.0% in SGT and BWT,
respectively. While the range of results obtained in the boiling
water test was from 38.5% to 60.0%, the range of results of the
standard germination test was from 81.0% to 100.0% in onion
seeds. The range of field emergence was between 18.5% (‘Kis-
agiin’, FE-III) and 72.0% (Inegol-C’, FE-II). Besides, the boil-
ing water test was correlated highly significantly with SGT (r
= 0.670**), FE-I (r = 0.923**), FE-II (r = 0.906**) and FE-III
(r = 0.939%%) in leek seeds. Similarly, BWT showed positive
correlation with SGT (r = 0.568**), FE-I (r = 0.844%**), FE-II
(r = 0.933**) and FE-III (r = 0.858**) in onion seeds. In con-
clusion, the boiling water test is a new and reliable technique
to test seed viability and it has a great potential to test rapidly
germination and field emergence of leek and onion seeds at dif-
ferent sowing times.
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INTRODUCTION

Numerous tests exist for determining seed vi-
ability in vegetable crops. Generally, the standard
germination test is accepted as the primary method
for determining seed quality. When field conditions

at planting are near optimum, the standard germina-
tion test correlates well with field emergence (Hall
and Wiesner, 1990). The first count of the standard
germination test is considered to be a measure of seed
vigor (TeKrony and Egli, 1977). Generally,
vigor tests have proven to be more useful as predictors
of field emergence than the standard germination test
(Kolasinska etal. 2000). Regardless of its accept-
ance, the germination test is merely an estimate and
has certain limitations as a universal prediction of seed
quality. However, a quick test might be completed only
in a few hours, as compared to some germination tests
that may require as long as 2 months for some species
(Copeland and McDonald, 1985).

Standard germination tests for leek (Allium por-
rum L.) and onion (Allium cepa L.) seeds are complet-
ed within 14 and 12 days, respectively (ISTA 1996).
Therefore, sometimes it is essential to determine rap-
idly seed viability and vigor. The boiling water test
can be used as a rapid indicator of onion and leek seed
viability in seed lots instead of other time-consum-
ing germination tests (Guvenc, 2002; Guvenc
and Kaymak, 2003; Guvenc and Kaymak,
2004; Guvenc and Kaymak, 2006). However,
field emergence in relation to the boiling water test, as
anew test, in leek and onion seeds has not been clearly
identified. Therefore, the objective of this research was
to determine the relations between boiling water test,
standard germination test and field emergence of leek
and onion seeds at different sowing times.

MATERIALS AND METHODS

This study was conducted at Ataturk Univer-
sity, Agriculture Faculty, Erzurum, Turkey, during
2005-2006. In this study, seeds of six lots (‘Kalem’,
‘Ala’, ‘Inegdl-A, B, C and D’) from three cultivars of
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leek and seven onion (Allium cepa L.) cultivars (‘Early
Texas Grano’ (ETG), ‘Panku’, ‘Storm’, ‘Banko’, ‘Aki’,
‘Kisagiin’ and ‘Banka’) seeds were used as plant mate-
rial. All studied seeds were supplied by Turkish seed
companies.

The principle of Boiling Water Test (BWT)
is based on the evaluation of radicle protrusion from
the seeds immersed to boiling water for certain time
(Guvenc, 2002; Guvenc and Kaymak, 2003;
Guvenc and Kaymak, 2004; Guvenc and
Kaymak, 2006). Leek seeds of each cultivar were
immersed into boiling water in a glass container
(a beaker), and then they were monitored for protrusion
at 10-minute intervals during boiling up to 60 minutes.
During boiling, the protruded seeds were counted and
removed. Seeds having protruded radicles were re-
corded as viable. The boiling water test was conducted
using four replicates of 50 seeds per leek and onion
cultivar.

The standard germination test (SGT) was con-
ducted using four replicates of 50 seeds from each cul-
tivar. The seeds were incubated in 9 cm Petri dishes
between two filter papers saturated with water contain-
ing Benlate (50% benomyl) 1 g I'! to prevent fungal
growth at 20°C (ISTA 1996). Visible-radicle protru-
sion was the criterion of germination. Germinated
seeds were recorded and discarded at 24 h intervals
during 14 days. The results were expressed as final
germination percentage (Guvenc, 2002; Guvenc
and Kaymak, 2003; Kaymak et al. 2004; Gu-
venc and Kaymak, 2006).

To assess field emergence (FE), seeds from
each sample were sown 1 cm deep by hand on four
replicated plots (Guvenc and Kaymak, 2003).
All samples were sown at three sowing dates (20 May
(FE-I), 10 June (FE-II) and 20 July (FE-III) in loamy
soil and irrigated with mini springs daily. Field emer-
gence was conducted using four replicates of 50 seeds
from each cultivar. The number of emerged seedlings
was counted daily until no further seedlings appeared.
The experimental area (Erzurum) is located at 40° 57°
and 39° 10’N latitude, 40° 15 and 42° 35’E longitude,
1850 m above sea level in northeastern Turkey.

The laboratory and field experiments were con-
ducted as randomized complete block designs, with
each treatment replicated four times. The data obtained
in this study were subjected to ANOVA and the differ-
ences between means were compared using Duncan’s
multiple range test. Besides, correlation coefficients
between compared tests (r) were also determined.

RESULTS AND DISCUSSION

The results obtained in the viability tests are
presented in Table 1. The mean value of viability of

leek and onion seeds varied, depending on cultivar and
test method. As seen in Table 1, the lowest values of
leek seed viability were determined for ‘Inegdl-B’ in
both the boiling water test and standard germination
test, 36.0% and 77.5% respectively. The seeds of other
leek cultivars germinated 100% in the standard germi-
nation test. Among the studied leek cultivars, the seeds
of ‘Inegdl-C’ had the highest viability in the boiling
water test (61%).

Similar results were obtained in the tests with
onion seeds and the lowest values were determined
in ‘Panku’ seeds in both the boiling water test and
standard germination test. While the range of results
obtained in the standard germination test was between
81% (‘Panku’) and 100% (all cultivars except ‘Panku’
and ‘Banka’), the results of boiling water test ranged
from 38.5% (‘Panku’) to 60.0% (*Aki’). Generally, the
determined viability values for leek and onion seeds
in the boiling water test were lower than those of the
standard germination test (Tab. 1). This might be at-
tributed to differences between the test methods and
also between viability levels of seeds (Guvenc,
2002; Guvenc and Kaymak, 2003; Guvenc
and Kaymak, 2004; Guvenc and Kaymak,
2006). The poor vigor of some seed lots could have
been due to improper harvesting and handling, poor
storage conditions and some other factors reducing
seed quality (Waters and Blanchette, 1983). The via-
bility of leek and onion seeds determined with the boil-
ing water test had a significantly positive correlation
with the standard germination test (Tabs 4, 5). These
results agree with similar studies on leek and onion
seeds (Guvenc, 2002; Guvenc and Kaymak,
2003; Guvenc and Kaymak, 2004; Guvenc
and Kaymak, 2006).

Data for the different sowing dates illustrating
field emergence of leek and onion seeds are presented
in Table 2. The mean value of emergence of leek and
onion seeds varied in dependence on cultivar and sow-
ing date. Early and delayed sowings decreased field
emergence of both leek and onion seeds. Delaying
sowing affected field emergence more negatively than
early sowing (Tab. 2). Higher emergence rates were
observed at the second sowing time (FE-2). Among the
leek cultivars, seeds of ‘Inegdl-B’ had the lowest field
emergence ratios in FE-I, IT and III, 30.5%, 34.5% and
24.0%, respectively, seeds of ‘Inegdl-C’ had the high-
est field emergence ratios in FE-I, II and III, 64.5%,
72.0% and 44.0%, respectively. The field emergence
values of onion seeds ranged in dependence on cultivars
between 26.0% (‘Banka’, FE-III) and 69.0% (‘Banko’,
FE-II). In a similar research study, it was found that
average emergence values of leek seeds ranged from
21% to 91% and they were also dependent on the cul-
tivar (Guvenc and Kaymak, 2003). Besides, it
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Table 1
Mean values of boiling water test (BWT) and standard germination test (SGT) of seeds of studied leek and onion seeds.

Cultivars BWT (%) SGT (%)
Inegdl-A 51.0b 100.0 a
Inegol-B 36.0d 77.5b
Leek Inegsl-C 61.0a 100.0 a
Inegol-D 585a 100.0 a
Kalem 445 c 100.0 a
Ala 44.0c 100.0 a
TEG 50.0b 100.0 a
Panku 385e 81.0¢
Storm 445¢c 100.0 a
Onion Banko 59.0a 100.0 a
Aki 60.0 a 100.0 a
Kisagiin 40.0 de 100.0 a
Banka 42.5cd 83.0b

Different letters denote significant differences between cultivars at P < 0.01.

Table 2
Field emergence of seeds (in %) of studied leek and onion cultivars in dependence on time of sowing.

Cultivars FE-I FE-II FE-III Mean
Inegol-A 40.0c 43.0d 355b 395C
Inegdl-B 30.5d 345e 24.0d 29.7D
Inegol-C 64.5a 72.0a 440 a 60.2 A
Leek Inegdl-D 61.5a 63.0b 43.0a 55.8B
Kalem 385¢ 485¢ 28.0 cd 383C
Ala 44.0b 44.0d 30.0¢ 393C
Mean 46.5B 50.8 A 34.1C
TEG 47.0b 53.0¢ 37.5b 458 C
Panku 345¢ 37.0e 27.0d 328F
Storm 38.0c 42.0 de 325¢ 375D
Onion Banko 62.0 a 69.0 a 41.0a 573 A
Aki 56.0a 62.5b 39.0 ab 525B
Kisagiin 46.0b 46.5d 185¢ 36.7 DE
Banka 365¢ 39.0e 26.0d 33.8 EF
Mean 45.7B 49.7 A 31.6 C

Different letters denote significant differences at P < 0.01.
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was noted that environmental factors influenced sig-
nificantly field emergence, with soil temperature on
the day of sowing being most evident (Kolasinska
et al. 2000; Kaymak and Guvenc, 2008). The
differences observed in this experiment were probably
associated with differences in soil temperature at seed
sowing and also with cultivar characteristics.

The analysis of variance showed significant
differences in field emergence of the studied seeds

in dependence on cultivar and sowing date (Tabs 2,
3). The interactions between cultivars and sowing
dates were significant for field emergence with re-
spect to both leek and onion seeds. These interac-
tions demonstrated that the effect of sowing date on
field emergence varied considerably in dependence
on cultivar or that field emergence was affected
by the performance of the cultivar under different
sowing dates.

Table 3
Interactions between cultivar and sowing date.

F values

Field emergence

Source of variation

Leek Onion
Cultivar (C) 406.565%* 161.055%*
Sowing Date (SD) 451.424%%* 363.686**
CxSD 18.594* 12.974%%*
** Significant at P < 0.01% level
Table 4

Cumulative correlation coefficients (r) between boiling water test, standard germination test and field emergence of leek seeds.

BWT SGT FE-I FE-I1 FE-III
BWT 1.000
SGT 0.670%**
FE-I 0.923** 0.572%%*
FE-II 0.906%* 0.568** 0.945%*
FE-IIT 0.939%* 0.585%** 0.904** 0.861%+* 1.000

*#* Significant at P < 0.01% level

Table 5
Cumulative correlation coefficients (r) between boiling water test, standard germination test and field emergence of onion seeds.

BWT SGT FE-I FE-II FE-III
BWT 1.000
SGT 0.568**
FE-1 0.844%* 0.646%*
FE-II 0.933** 0.641%* 0.926%*
FE-III 0.858** 0.417%* 0.622%* 0.748%* 1.000

** Significant at P < 0.01% level
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Correlation coefficients (r) among boiling
water test, standard germination test and field emer-
gence of seeds of the studied leek and onion culti-
vars are presented in Table 4 and 5, respectively. The
boiling water test was highly significantly correlated
with SGT (r = 0.670%*), FE-I (r = 0.923*%), FE-1I
(r=0.906**) and FE-III (r = 0.939*%) in leek seeds.
Similarly, BWT showed a positive and high correla-
tion with SGT (r = 0.568**), FE-I (r = 0.844%%), FE-
IT (r = 0.933**) and FE-III (r = 0.858*%) in onion
seeds. In other words, the boiling water test corre-
lated well and positively with the standard germina-
tion test and field emergence of both leek and onion
seeds (Tabs 4, 5).

The time of BWT was considerably short
(1 h sample™). Therefore, BWT seems to be a suit-
able method for rapid assessment of viability and field
emergence in leek and onion seeds. Also, as mentioned
by Guvenc (2002), Guvenc and Kaymak,
(2003) and (2004) this rapid method has been found
to be a reliable technique for prediction of viability
and field emergence of leek and onion seeds used in
the study.

CONCLUSIONS

According to the results of this research, it might
be assessed that the boiling water test could be used as
a rapid and simple method to measure seed viability
and field emergence by evaluating radicle protrusion
of leek and onion seeds in boiling water. Furthermore,
this test is easy to standardize among laboratories
tests compared to the standard germination test and
field emergence at different sowing dates and it does
not require any special equipment and/or expertise. In
conclusion, the boiling water test is a new and reliable
technique to test viability of leek and onion seeds, and
can be used as an indicator of seed emergence in field
cultivation of leek and onion.
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Relacje pomiedzy testem wrzacej wody,
standardowym testem kielkowania
oraz polowa zdolnoscig
wschodow pora (Allium porrum L.)

i cebuli zwyczajnej (Allium cepa L).

Streszczenie

Celem pracy byto okreslenie zaleznosci zacho-
dzacych pomiedzy standardowym testem kietkowa-
nia oraz polowg zdolnoscig wschodéw pora (Allium
porrum L.) i cebuli zwyczajnej (Allium cepa L). Jako
materiat roslinny postuzyto 6 préb nasion trzech od-
mian pora (‘Kalem’, ‘Ala’, ‘Ineg6l-A, B, C i D’) oraz
nasiona siedmiu odmian cebuli zwyczajnej (‘Early Te-
ras Grano’ (ETG), ‘Panku’, ‘Storm’, ‘Banko’, ‘Aki’,
‘Kisagiin’ i ‘Banka’). Zywotno$¢ nasion okreslano sto-
sujgc test wrzgcej wody (BWT ang. boiling water test),
standardowy test kietkowania (ang. SGT standard ger-
mination test) oraz polowg zdolnos¢ wschodéw (FE
ang. field emergence). Polowg zdolnos¢ wschodéw
okreslano dla trzech terminéw wysiewu: 20 maja (FE-
I), 10 czerwca (FE-II) oraz 20 lipca (Fe-III). Dla nasion
pora srednia wartos$¢ uzyskana w standardowym tescie
kietkowania oraz tescie wrzacej wody zmieniata si¢
odpowiednio w zakresie od 77,5 do 100% oraz od 36,0
do 61,0%. Natomiast dla nasion cebuli wartosci uzy-
skane w tescie wrzacej wody 1 standardowym tescie
kietkowania zawieraly si¢ odpowiednio w zakresie od
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38,5 do 60,0% oraz od 81,0 do 100%. Polowa wartos¢
wschodéw zawierala si¢ zakresie 18,5% (‘Kisagiin’,
FE-III ) oraz 72,5% (‘Inegd]-C’, FE-II). U pora zazna-
czyla si¢ wysoka korelacja pomigdzy testem wrzacej
wody i standardowym testem kietkowania (SGT) (r =
0,670%*), FE-I (r = 0,923*%*), Fe II (r = 0,906**) i FE-
III (r = 0,939**). Réwniez w przypadku nasion cebuli
zaznaczyta si¢ pozytywna korelacja pomigdzy testem

wrzgacej wody i1 standardowym testem kietkowania (r =
0,568%%), FE-I (r = 0.844%%*), FE-1I (r = 0,993) i FE-
III (r = 0.858%*). Podsumowujac nalezy stwierdzi¢, ze
test wrzgcej wody moze by¢ uznany za nowoczesng
i wiarygodng technik¢ do okreslania zywotnosci na-
sion cebuli i pora i moze postuzy¢ jako wskaznik do
oceny zdolnosci kietkowania w uprawie polowej tych
roslin w réznych terminach wysiewu.
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