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Abstract

The aim of this research was to test if mean germination time (MGT) can predict
seed vigor in 10 seed lots of canola. There was a significant difference between the
final germination percentages of the 10 seed lots tested (‘Hyola 330’ ‘Hyola 401’,
‘Okapi, ‘Elite;, ‘SLMO 46, “Zarfam, ‘RGS 003}, ‘Option 500; ‘Echo, ‘Rainbow’) and a
highly significant correlation between MGT and this value. Of the 10 seed lots, ‘Hyola
330’ had the lowest final percentage germination (62%) and the highest MGT, 3.64
days. The correlation between MGT and the proportion of “normal” seedlings was
also significant. ‘Hyola 330’ had the lowest percentage of normal seedlings (60%). A
tetrazolium test showed that this lot had some dead seeds that could not germinate;
some seeds were viable, but they would produce abnormal seedlings. One of the
main reasons of low final germination percentage and high MGT in ‘Hyola 330" was
low viability of this seed lot. Mean germination time is suggested as a good indicator
of seed vigor in canola.
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Introduction

Canola (Brassica napus L.) is one of the most important oil crops in the world. The
essential role of seeds in crop establishment and importance has long been recognized.
Germination and seedling emergence are two processes which determine uniformity,
crop stand density, degree of weed infestation, the efficient use of the nutrients and water
resources available to the crop, and ultimately affect the yield and quality of the crop [1].
The major explanation for vigor differences in many species is, however, the incidence
of seed ageing, which is sometimes referred to as deterioration [2,3]. Natural ageing
occurs during the normal processes of harvest, transport, and seed storage [3,4]. Older
maize seed had lower vigor as seen in soil emergence tests and was slower to germinate
as indicated by higher mean germination time (MGT) [4]. Seed deterioration resulting
from harvest conditions and prolonged storage is often cited as a physiological cause
of differences between lots [5,6]. The fact that the germination of lots of maize after
accelerated ageing relates to field emergence in maize [7] and sweet corn [8] suggests
that deterioration is a cause of vigor differences. Ellis and Roberts [9] provided evidence
for a range of crops (barley, wheat, onions, and cabbage) that when seeds deteriorated
under laboratory ageing regimes, the rate of germination was slower as germination
declined, indicated by significant negative relationships between mean germination time
(the reciprocal of which is the rate of germination) and the final germination percentage.
Similar findings were reported for naturally aged carrot seed produced from several
sources [10]. Some of the reports on the maize cold test contain information suggesting
that slow germination and emergence [7-11] are characteristic of lots with low field
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emergence. Reduced seed vigor, seen as increased MGT, has been consistently related
to ageing in artificial [9] and naturally aged seeds [10]. Slow germinating lots produced
shorter more variable shoots in the laboratory and emerged more slowly in the field,
producing smaller and more variable plants 25 days after sowing [12]. Prediction of
vigor and normal seedling development by MGT in some crops such as corn [12] and
pepper [13] has been investigated but no research has been carried out in canola. The
main goal of this research was therefore to determine if MGT can be used as a good
indicator of seed vigor in canola seed lots.

Tab.1 Area of production and seed weight of 10 seed
lots of canola used in the treatment. All seed lots were Material and methods

produced in 2006.

No. Seedlot
1 | ‘Hyola40l’

2 | Okapl O
3 | Ehte [

. 4 | Slmo 46 B
5 | HYOla330 .

. 6 | Zarfam —
8 | OPUOHSOO .

. 9 | EChO [
10 | Rambow i

Iran (France)
Iran (Karaj)

Iran (Khuzestan) | 5.40

Experimental procedure

1000-seed
Productionarea  weight (g) This research was carried out at the Faculty of Agriculture,
Iran (Khuzestan) | 4.87 Ferdovasi University of Mashhad, Iran. [.Xll seed lot.s of canola
B (Brassica napus L., Brassicaceae) were kindly provided by the
Iran (Mashhad) | 4.45 Agricultural Research Center of Khorasan Razavi Province in
SN IR Mashhad. Details of the 10 seed lots used in this experiment are

4.68
S given in Tab. 1. All were stored at room temperature (22°C) for

3.98 around 60 days. Seeds were sterilized using NaOCl (5%) for 3
o min and then carefully washed three times with distilled water.
Four replicate batches of 25 seeds from each lot were used. This

Iran (Mashhad) 3.87 experiment was set up using the top paper method in Petri

Iran (Karaj)
Iran (Karaj)

France

France

dishes (9 cm diameter) and lasted 8 days. At the beginning of
Rt experiment, 2 mL of distilled water was added to each Petri dish,
3.37 and all dishes were placed in a closed box in an environmental

. growth chamber with a constant temperature of 22°C. The

| e number of germinated seeds was recorded daily on the basis
2.83 of a radicle length of 2 mm. The number of “normal” seedlings

2.44

(those with healthy cotyledons, shoot, and root [14]) and final
seed germination percentage were recorded on Day 8.

Mean germination time (days) was calculated for each lot
using the daily counts according to the formula of Ellis and Roberts [9]:

Xf

MGT:Zf

where fis a number of seeds newly germinated, x is a number of experimental day.

Tetrazolium solution (1% TTC) was used to evaluate the viability of seeds. In this
test, 50 seeds were counted and soaked in water for 17 h. After removing the seed coat,
seeds were then soaked in 1% TTC for 3 h at 30°C. The viability of seeds was evaluated
on the basis of seed color.

Statistical analysis

Excel software and a regression method were used to determine the relationships
between MGT, final germination percentages, and the numbers of normal seedlings.
MSTAT-C software, developed by the Department of Plant and Soil Sciences, Michigan
State University, USA, was used for analysis of variance of the traits of seed lots, and
Duncan’s multiple range test (DMRT) was used for comparison of the means for all
traits. The probability level was assessed at p < 0. 05.

Results

The time course for the germination of the 10 seed lots of canola is shown in Fig. 1.
‘Okapi’ had the highest germination percentage (89%) after 1 day and ‘Hyola 330" had

© The Author(s) 2017 Published by Polish Botanical Society Acta Agrobot 70(4):1729 2of 6



100 7

90

80 1

70 4

60 4

Germination (%)
o
o

0%. Along with Zarfam’ (99%), the highest final
germination percentage was for ‘RGS 003; ‘Elite;
‘Option 500, ‘Slmo 46, and ‘Hyola 401’ (95-97%),
as shown in Tab. 2.

The relationship between MGT and final
germination is shown in Fig. 2. When MGT in-
creased, final germination decreased. There was a
highly significant correlation (p < 0.01) between
MGT and final germination percentage.

With increasing MGT, the number of normal
seedling decreased. This relationship is shown

Fig. 1 Germination rate of the 10 seed lots of canola. 1 - ‘Hyola 4013;
2 - ‘Okapi’; 3 - ‘Elite’; 4 - ‘Slmo 46’; 5 - ‘Hyola 330’; 6 — ‘Zarfam’; 7 - ‘RGS
003’; 8 - ‘Option 500’; 9 — ‘Echo’; 10 — ‘Rainbow.

Tab.2 Comparison of means of 10 seed lots for final germination percentage, the
percentage of normal seedlings, and mean germination time (MGT).

8
9

10

CV%

Seed lot

‘Hyola 401°
‘ (Okapl I
. Ehte [
. Slmo 46) I
- ‘Hy01a330) B}
. (Zarfam I
. OpthHSOO -
. ‘EChO’ I |

‘Rainbow’

Time (days)

in Fig. 3 for the 10 seed lots. There was a highly
significant correlation between MGT and the
percentage of normal seedlings (p < 0.01).

The one-way analyses of variance for the 10
seed lots showed that final germination percent-
age, percentage of normal seedlings, and MGT
were all significant (p < 0.05). ‘Hyola 330" had the
highest MGT, 3.64 d, and ‘Okapi’ the lowest, 1.09
d (Tab. 2). ‘Okapi’ also had the highest percentage of normal seedlings, 90.25%, but this
was not significantly different from five other seed lots. Remarkably, the lowest percent-
age of normal seedlings was recorded for ‘Hyola 330’ (60%). No significant relationship
was detected between MGT and 1000-seed weight in the canola seed lots tested.

Since the seeds of ‘Hyola 330" were characterized by the highest MGT, the lowest final
germination percentage, and the lowest percentage of normal seedlings, the viability
test using 1% TTC was performed for this seed lot. Tetrazolium test differentiates live
from dead tissues of seeds staining living cells with a red color, while dead cells remain
unstained. The test showed seeds of three groups of color: (1) seeds with white cotyledons
and a white embryo (embryo axis with well-developed radicle and hypocotyl and very
small epicotyl); (2) seeds with red cotyledons and a white embryo (embryo axis with
well-developed radicle and hypocotyl and small epicotyl); (3) seeds with red cotyledons
and a red embryo (embryo axis with well-developed radicle and hypocotyl and small
epicotyl) (Fig. 4-Fig. 6). Therefore,
Group 1 represents dead seeds, Group
3 - live seeds. The seeds of Group 2
might produce some seedlings, but
their growth will be arrested and so

Final Normal these seeds will produce abnormal
germination (%) seedlings (%) MGT (days) seedlings.

95 abe 89.25® 2.01¢

90 b 90.25* 1.09 ¢

e Discussion

96 @bc 88.25% 1.624

96 < 83.50 ¢ 2.42° Different seed varieties of canola have
e s different germination characteristics.
62d 60 E """ 364 a o This is likely due to genetic factors,
992 §7.5 abe 1.65 ¢ but physiological effects such as age-
. s s ing can reduce germination capacity.
97db 84'%5 < 212 bc o There were differences between the
96 e 902 1.39 & seed lots tested in their germinabil-
s e ity, but only one, ‘Hyola 330’ had a
91 % 87 2.02¢ very low final germination percentage
89 36 w 210 w (62%). This is possibly due to ageing
B and a low vigor in this seed lot. ‘Hyola
5.13 2.56 1.85 330’ also germinated slower than oth-

Means with different letters associated are significantly different at the p < 0. 05 level,
as determined from Duncan’s multiple range tests.

© The Author(s) 2017

ers nine lots. A tendency for older
canola seeds to have lower germina-
tion has been reported in the litera-
ture [15]. Reduced seed vigor, seen as
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increased MGT, has consistently been related
y =-14.448x + 119.48 to ageing in artificially [9] and naturally aged
R*=0.90™ seeds [10]. Older maize seed had lower vigor
as seen in soil emergence tests and was slower
to germinate as indicated by higher MGT [16].
60 1 ’ As MGT increases, final germination decreases;
50 Fig. 2 shows the highest MGT (3.64 d) was
w0 recorded for ‘Hyola 330’ This seed lot also had
the lowest germination percentage both on Day

30 4 No.3 .
1 (0%) and on the last day of recording (62%).
The main explanation for seed vigor differences
101 in many species is, however, the incidence of
0 . . . . ageing, which is sometimes referred to as dete-
0 1 2 3 ! rioration [2,3]. Seed ageing is reflected as both
M Tidaust physiological and biochemical changes [3]. A
Fig.2 Relationship between mean germination time (MGT) and final highly significant correlation between MGT
germination of the 10 seed lots. and final germination was shown in Fig. 2 (p
< 0. 01). When seed lots deteriorate, their vi-
ability decreases and they will have a delay in
y=-11.802x + 108.32 germination, which is reflected in the MGT. A
R?=0.84%* link between deterioration and MGT could be
explained in terms of the repair hypothesis in
deteriorated seeds as suggested by Matthews
. 0 and Khajeh-Hosseini [4]. There is a consid-
— erable body of evidence that one of the first
g effects of ageing is an increase in MGT [17,18].
40 Osborne [17] provided evidence of DNA repair
as an early event during the lag period, which
leads up to germination. ‘Hyola 330" had low
seed vigor and so it had produced the lowest

100 7

40 4

80 4

70 4

Gemination(%)

20 4

100 -

Q0 4

80 4

70 4

Normal seeuiing(' )

30 1

20 4

101 percentage of normal seedlings (60%) on the

o : : : . last day of the tests due to ageing. It was shown

0 1 2 3 4 that when MGT increases, the proportion of
MGTidays) normal seedlings decreases (Fig. 3). A significant

Fig.3 Relationship between mean germination time (MGT) and the negative correlation (r = —0.987, p < 0.01) was
percentage of normal seedlings for the 10 seed lots. found between MGT and the percentage of

normal seedlings. The slower the germination

of a seed lot, the lower was the percentage of
normal seedlings [15]. The fact that after accelerated ageing, the germination of
maize seed related to field emergence [7,8] suggests that deterioration is a cause
of differences in vigor. To test this hypothesis, a viability test of seeds of ‘Hyola
330’ was performed using TTC. The results of this test showed some seeds of this
lot had low vigor due to deterioration. In this test, all the colored seeds of ‘Hyola
330’ were classified into three groups (Fig. 4). The unstained white seeds (Group
1) were dead and would never germinate. The seeds stained red (Group 3) were
Fig.4 Seeds with white cotyledons all viable, able to germinate and produce normal seedlings.
and a white embryo.

Fig. 6 Seeds with red cotyledons and
Fig. 5 Seeds with red cotyledons and a white embryo. ared embryo.
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The seeds with red colored cotyledons but a white embryo (Group 2) might produce
abnormal seedlings. Consistently, ‘Hyola 330" had the lowest percentage of normal
seedlings (60%). Similarly, it has been found that in mung bean cultivars [18], numbers
of normal seedlings decreased with increases in the period of seed ageing. Similar
results have been reported by Rodriquez and McDonald [19] for red field bean. There
is much evidence that low vigor and slow germination is the result of physiological
ageing in Brassica seed [20]. ‘Hyola 330’ seeds gradually decay, thus ageing in these
seeds causes an increase in the germination time as shown in Fig. 3. When seeds are
ageing, seed death may occur rapidly. This is why the ‘Hyola 330’ seed lot had such a
low germination percentage and a high MGT.

Conclusion

The main aim of our study was to evaluate the mean germination time (MGT) for
evaluating the 10 seed lots of canola. Slower germinating seed in our study produced a
greater number of abnormal seedlings, which is a well-recognized signal of deteriora-
tion as a result of seed ageing. Our results have shown that when MGT increases, the
numbers of normal seedlings decrease and there was a highly significant correlation
between MGT and the percentage of normal seedlings. Therefore, seeds with a higher
MGT can have been aged physiologically. One of the most important reasons for a
decrease in canola yield is poor seedling emergence or establishment. An earlier count
of germinated seed can be suggested for rapid evaluation of seed viability. Furthermore,
seedling emergence and establishment in these seed lots also needs assessment. MGT
can be used as an indicator of seed vigor in canola.

References

1. Finch-Savage WE. The use of population-based threshold models to describe and predict
the effects of seedbed environment on germination and seedling emergence of crops. In:
Benech-Arnold RL, Sanches RA, editors. Handbook of seed physiology. New York, NY:
Food Products Press and The Haworth Referesh; 2000. p. 51-96.

2. Alsadona, A, Yule AJ, Powell AA. Influence of seed ageing on the germination, vigour
and emergence in module trays of tomato and cucumber seeds. Seed Science and
Technology. 1996;23:665-672.

3. Powell, AA, Matthews S. Seed vigour and its measurement. In: Agrawal PK, Dadlani M,
editors. Techniques in seed science and technology. New Delhi: South Asian Publishers;
1992. p. 98-108.

4. Matthews S, Khajeh-Hosseini M. Length of the lag period of germination and metabolic
repair explain vigour differences in seed lots of maize (Zea mays L.). Seed Science and
Technology. 2007;35:200-212. https://doi.org/10.15258/sst.2007.35.1.18

5. Bruggink GT, Ooms JJJ, van der Toorn P. Induction of longevity in primed seeds. Seed
Sci Res. 1999;9:49-53. https://doi.org/10.1017/50960258599000057

6. Abba, EJ, Lovato A. Effect of seed storage temperature and relative humidity on maize
(Zea mays L.) seed viability and vigour. Seed Science and Technology. 1999;27:101-114.

7. Tekrony DM, Egli DB, Wickham DA. Corn seed vigour effect on no-
tillage field performance. I. Field emergence. Crop Sci. 1989;29:1523-1528.
https://doi.org/10.2135/cropscil989.0011183X002900060042x

8. Wilson DOJ, Alleyne JC, Shafii B. Combining vigour test results for prediction
of final stand of shrunken sweet corn seed. Crop Sci. 1992;32:1496-1502.
https://doi.org/10.2135/cropscil992.0011183X003200060038x

9. Ellis RH, Roberts EH. Improved equations for the prediction of seed longevity. Ann Bot.
1980;45:13-30. https://doi.org/10.1093/oxfordjournals.aob.a085797

10. Gray D. The performance of carrot seeds in relation to their viability. Ann Appl Biol.
1984;104:559-565. https://doi.org/10.1111/j.1744-7348.1984.tb03039.x

© The Author(s) 2017 Published by Polish Botanical Society Acta Agrobot 70(4):1729 50f 6


https://doi.org/10.15258/sst.2007.35.1.18
https://doi.org/10.1017/S0960258599000057
https://doi.org/10.2135/cropsci1989.0011183X002900060042x
https://doi.org/10.2135/cropsci1992.0011183X003200060038x
https://doi.org/10.1093/oxfordjournals.aob.a085797
https://doi.org/10.1111/j.1744-7348.1984.tb03039.x

11. Navratil R], Burris JS. Predictive equations for maize inbred emergence. Crop Sci.
1980;20:567-571. https://doi.org/10.2135/cropscil980.0011183X002000050004x

12. Khajeh-Hosseini M, Lomhot A, Matthews S. Mean germination time in the
laboratory estimates the relative vigour and field performance of commercial
seed lots of maize (Zea mays L.). Seed Science and Technology. 2009;37:446-456.
https://doi.org/10.15258/sst.2009.37.2.17

13. Demir I, Eemis S, Mavi K. Mean germination time of pepper seed lots (Capsicum
annuum L.) predicts size and uniformity of seedlings in germination tests
and transplant modules. Seed Science and Technology. 2008;36(1):21-30.
https://doi.org/10.15258/sst.2008.36.1.02

14. ISTA. International rules for seed testing [Internet]. 2017 [cited 2017 Dec 27]. Available
from: https://www.seedtest.org/en/international-rules-_content---1--1083.html

15. Nasehzadeh M. The Effect of natural ageing on the germination and seed vigour of
oilseed rape (Brassica napus L.) seeds used in Iran [Master thesis]. Mashhad: Ferdowsi
University of Mashhad; 2007.

16. Matthews S, Khajeh-Hosseini M. Mean germination time an indicator of emergence
performance in soil of seed lots of maize (Zea mays). Seed Science and Technology.
2006;34:339-347. https://doi.org/10.15258/sst.2006.34.2.09

17. Osborne DJ. Biochemical control systems operating in the early hours of germination.
Can ] Bot. 1983;61:3568-3577. https://doi.org/10.1139/b83-406

18. Bishoni UR, Santos MM. Evaluation of seed of three mung bean cultivars for storability,
quality and field performance. Seed Science and Technology. 1996;24:237-247.

19. Rodriquez A, McDonald JMB. Seed quality influence on plant growth
and nitrogen fixation of red field bean. Crop Sci. 1989;29:1309-1314.
https://doi.org/10.2135/cropscil989.0011183X002900050044x

20. Powell AA, Thornton JM, Mitchell JA. Vigour differences in brassica seed and their
significance to emergence and seedling variability. ] Agric Sci. 1991;116:369-373.
https://doi.org/10.1017/50021859600078187

Czy sredni czas kietkowania moze by¢ wskaznikiem wigoru nasion rzepaku (Brassica
napus L.)?

Streszczenie

Celem badan bylo sprawdzenie, czy na podstawie $redniego czasu kietkowania dziesieciu
zestawOw nasion rzepaku (Brassica napus L.) mozna przewidzie¢ wigor nasion. Stwierdzono
istotne réznice w proporcji wykietkowanych nasion pomiedzy badanymi odmianami rzepaku
(‘Hyola 330, ‘Hyola 401, ‘Okapi, ‘Elite] ‘Slmo 46, ‘Zarfam, ‘RGS 003’ ‘Option 500, ‘Echo, ‘Ra-
inbow’) oraz silng korelacje miedzy $rednim czasem kietkowania i procentem skietkowanych
nasion. Wéréd przebadanych zestawdw nasion, odmiana ‘Hyola 330” wykazata najnizszy udzial
skielkowanych nasion (62%) i jednocze$nie najdiuzszy sredni czas kietkowania nasion - 3.64
dnia. Stwierdzono réwniez istotng korelacje pomiedzy $rednim czasem kietkowania a liczba
prawidlowo rozwijajacych si¢ siewek. W przypadku odmiany ‘Hyola 330’ stwierdzono najnizszy
procent poprawnie rozwijajacych sie siewek (60%). Test na wigor nasion (z uzyciem tetrazolu)
rzepaku ‘Hyola 330" wykazal duzy udzial nasion martwych, niezdolnych do kietkowania oraz
nasion zywotnych, ale dajacych nieprawidlowo rozwijajace sig siewki. Jedng z gtéwnych przyczyn
niskiego udziatu skietkowanych nasion i dtugiego czasu kielkowania nasion odmiany ‘Hyola 330’
byta niska zywotno$¢ nasion. Wyniki badan wskazuja, ze $redni czas kietkowania jest dobrym
wskaznikiem wigoru nasion rzepaku.
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