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EFFECTS OF PRODUCTION METHODS ON
SEED VIGOUR OF SOYBEAN SEEDS

ABSTRACT: The seed accelerated ageing test is one of the most important tests for
testing seed vigour, which provides the determination of the degree of preservation for germi-
nation and the determination of the duration of the seed storage. The aim of this study was to
observe effects of two different production methods (organic and conventional) on seed vigour
of soybean cultivar Kaca, by the application of the seed accelerated ageing test. The seeds were
exposed to stress conditions for 72 h (temperature of 45 °C and air humidity of 100%). After the
test was applied, the number of non-germinated seeds of organically produced soybean increased,
which resulted in the reduction of the germination percentage. Compared to the standard
laboratory method, after the seed accelerated ageing test was applied, the length of the seedling
above-ground part (121.63 mm), fresh weight of the seedling above-ground part (8.9 g) and
dry weight of the seedling above-ground part (1,05 g) were higher. Moreover, the length (100.25
mm), fresh (1.26 g) and dry weight (0.1 g) of the root were also higher. After the test was ap-
plied, the percentage of the off-type seedlings (10.75%) and non-germinated seeds (26%) was
higher in conventionally produced soybean seeds, while the length of the seedling above-ground
part (100.63 mm), root length (106.75 mm) and root fresh weight (1.39 g) were lower.

KEYWORDS: accelerate ageing test, conventional production, organic production,
soybean

INTRODUCTION

Soybean (Glycine max (L.) Merr.) belongs to the family of legumes and
is one the oldest cultivated species in the world. The mature soybean grain
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typically contains about 40% proteins, 20% oil, 17% cellulose and hemicel-
lulose, 7% sugar, 5% solid fibres and approx1mately 6% dry weight-based ash
(Clabottl et al., 2016). Such a favourable grain chemical composition makes
soybean one of the most important sources of vegetable oils and proteins in
the world, due to which it ranks highly in the proper diet (Hoffman and Falvo,
2004). The soybean production in Serbia has been growing. Since 2008, its
favourable price has been contributing to the increased production. Moreover,
the demand for soybean is high both in international and national markets.
According to Kalenti¢ et al. (2014), organic protein crops, primarily soybean,
used as feedstuff of organically raised livestock, are highly imported in Ger-
many and thus can be a significant export item of Serbian producers. The
analysis of the agricultural production index indicates that a cyclical phenom-
enon of extreme weather conditions during the last decade strongly influenced
the plant production, and these changes were especially obvious in the areas
cultivated with soybean (Zivanovi¢ and Popovi¢, 2016). The production and
processing of organically produced soybean have been increasing. Organic
farming maintains and improves soil biodiversity, controls and increases soil
fertility, protects the environment and applies the highest standards for the
protection of plant and animal health (Ugrenovi¢ and Filipovi¢, 2012).

The seed accelerating ageing test is characterised by the seed exposure
to two changeable environmental factors, high temperature and high relative
humidity, in a short period, which affect seed deterioration. High-vigour seeds
endure these stress conditions and deteriorate more slowly with maintained
high germination even after ageing in contrast to low-vigour seeds. Several
already performed studies have shown that this test provided a very precise
assessment of seed vigour in soybean, maize and some other crops. Quite a few
studies have confirmed that the results of this test provided better predictabil-
ity of field seed germination under stress conditions than standard germination
tests (TeKrony, 2005). During the seed accelerating ageing test, seeds absorb
water from the wet environment; hence there is a moisture increase in seeds,
which together with a high temperature to which seeds are exposed, results in
the process of accelerated ageing and deterioration of seeds (ISTA, 2014).

MATERIALS AND METHODS

Samples

Seeds of organically and conventionally grown soybean cultivar NS Kaca
originated from the experimental plot of the Institute of Field and Vegetable
Crops in Novi Sad (Backi Petrovac). A sown plot size amounted to three hectares.
Prior to primary tillage, fertilisation with 120 kg NPK ha™ at the ratio of 16:16:16
was applied in the conventional production, while fertilisers were not applied in
the organic production. Appropriate herbicides based on imazamox and quizalo-
fop-P-tefuryl were applied in the conventional production, while mechanical
weed control, by manual hoeing was applied in the organic production.
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Accelerated ageing test

Soybean seed vigour was determined by the accelerated ageing test. Seeds
were exposed to double stress conditions — high temperature (41 °C) and high
relative air humidity (100%) for 72 hours. After that, seeds were sown in the
sand to determine seed germination.

The standard laboratory test, with four replications of 100 seeds, was applied
to determine soybean seed germination and it was expressed as percentages
(ISTA Rules, 2016). The germination first count was done on the fifth day,
while germination was read on the eighth day (ISTA Rules, 2016). The seed
germination percentage was determined by calculating the proportion of nor-
mal seedlings in the working sample. When seed incubation was completed,
the following growth parameters were determined: the length of above-ground
parts of seedlings and roots (mm), fresh and dry weights of the seedling above-
ground parts and the root fresh and dry weights (g). The length of above-ground
parts of seedlings and roots was determined by measuring the mean values of
10 seedlings from each replication, using a ruler. The fresh weights of the
above-ground parts and roots were established by measuring mean values of
10 seedlings in four replications, in which, after drying in a thermostat at the
temperature of 80 °C for 24 hours, the seedling dry weight was measured.

Statistical analysis

Results of all analyses were expressed as the mean of three measurements
+ standard deviation (SD), while the significance of differences between the
means (p <0.05) was determined by using Tukey’s test, software Statistica,
version 12.0 (StatSoft Inc., USA). The correlation analy51s between observed
parameters in the accelerated ageing test and the standard germination test was
performed by calculating the Pearson’s correlation coefficient (r) (p <0.05).

RESULTS AND DISCUSSION

The results of the vigour test of organically produced soybean seeds are
presented in Table 1.

After the application of the accelerated ageing test, a statistically signifi-
cant decrease in the first count and germination (26.75% and 29.25%, respec-
tively) was recorded compared to the standard germination test (52.00% and
54.25%, respectively). Moreover, the percentage of non-germinated seeds sta-
tistically significantly increased to 61.75%. The percent of off-type seedlings
did not statistically significantly differ between these two tests. Such results
indicate that double stress conditions of the high temperature and high relative
air humidity in the accelerated ageing test increased the number of non-ger-
minated organic soybean seeds and thus lowered the germination percentage,
which affected seed deterioration. The length of the seedling above-ground
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part (121.63 mm), fresh (8.93 g) and dry weights (1.05 g) of the seedling above-
ground part were higher after the accelerated ageing test, while the root length
(100.25 mm), and root fresh (1.25 g) and dry (0.12 g) weights were greater in
the standard germination test. However, these differences were not statisti-
cally significant.

Table 1. Results of soybean seed accelerated ageing test

Production Method
Organic Conventional
Parameter Test Test
Germination Accelerated Germination Accelerated
standard test ageing test standard test ageing test
((j/f]’)rmma“"“ firsteount 55 00153504 26.75:6,18bA  59,25+5.8aA  60,0042,16aB
Germination (%) 54,25+6,02aA 29,2542 22bA  73,00+4,24aB  63,25+2,63bB

Off-type seedlings (%) 7,00+£1,83aA  9,00+1,83aA  4,75+£0,96aA  10,75+0,96bA
Non-germinated seeds (%) 38,75+£5,56aA  61,75£2,5bA  22,25+4,03aB  26,00+2,94aB

Length of seedling 112,75+12,.87aA 121,63£4.78aA 11475:4.05aA 100,63+11.96aB
above-ground part (mm)

Root length (mm) 100,25+20,16aA  74,13+744aA 176,63+13,37aB 106,75+10,02bB

Fresh weight of seedling 8,76+£0,55aA  8,93+0,97aA  7,96+0,38aA  8,27+0,61aA
above-ground part (g)

Root fresh weight (g) 1,25+0,37aA 1£0,22aA 2,24+0,3aB 1,39+0,38bA

Dry weight of seedling - 1,0 07,4 105201524 0.97£0,04aA  1,02+0,05A
above-ground part (g)

Root dry weight (g) 0,12+0,03aA  0,1+£0,02aA  0,15£0,0l1aA  0,11£0,02bA

* Lowercase letters (a, b) indicate the statistical significance between the standard ger-
mination test and the accelerated ageing test (n=4, SV£SD), p<0.05 (Tukey's test). Capi-
tal letters (A, B) indicate the statistical significance between organic and conventional
production methods (n=4, SV£SD), p<0.05 (Tukey’s test).

After the application of the accelerated ageing test to determine vigour
of conventionally produced soybean seeds (Table 1), a statistically significant
reduction in seed germination (to 63.25%) was established, and also a slight
difference in the first count in comparison to the standard laboratory test
(60.00%). On the other hand, compared to the standard germination test, there
was a statistically significant increase in the percentage of the off-type seed-
lings (10.75%), while the root length (106.75 mm), root fresh (1.39 g) and dry
(0.11 g) weights were decreased. The exposure of seeds to the high temperature
and high relative air humidity resulted in the increase in the number of non-
germinated seeds and the occurrence of the off-type seedlings, thus seed ger-
mination was reduced. Compared to the standard germination test, the higher
values of fresh (8.27 g) and dry (1.02 g) weights of the above-ground parts did
not differ significantly after the application of the accelerated ageing test.
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From the aspect of differences in the standard germination test between
organically and conventionally produced soybean seeds, the statistical sig-
nificance was recorded for germination (higher in conventionally produced
seeds — 73.00%), non-germinated seeds (higher in organically produced seeds
— 38.75%), root length (higher in conventionally produced seeds — 176.63 mm)
and the root fresh weight (higher in conventionally produced seeds — 2.24 g).
Comparing differences in the accelerated ageing test between organically and
conventionally produced soybean seeds, the statistical significance was deter-
mined for the fist count (twice as large in conventionally produced seeds —
60%), germination (twice as large in conventionally produced seeds — 63.25%),
non-germinated seeds (twice as large in organically produced seeds — 61.75%),
length of the seedling above-ground part (longer in organically produced seeds
—121.63 mm) and the root length (longer in conventionally produced seeds —
106.75 mm).

Table 2 shows the values of correlation coefficients among the measurands.
Mean values calculated from four replications, both production methods, both
tests and both seed types, were used to determine the correlation coefficient.
The highest positive correlation was recorded between the root length and the
root fresh weight (r = 0.998), root length and the root dry weight (r = 0.969), as
well as the first count and germination (r = 0.964). The highest negative correlations
were determined between germination and non-germinated seeds (r = -0.991),
first count and non-germinated seeds (r = -0.981), and also between the dry
weight of the seedling above-ground part and the root dry weight (r = -0.981).

During the soybean seed ageing, biochemical changes occur and have a
very strong impact on seed quality and vigour (Tati¢, 2007). In addition, a
specific chemical composition of seeds with 20-22% oil is suitable for degrad-
ing processes. Lipid autoxidation and the increase in free fatty acids during
storage are the most common reasons for accelerated seed damages in oil plants
(Leki¢, 2003), while the accumulation of active oxygen species and free radi-
cals is considered one of the most important factors of seed ageing (Bailly,
2004). Different storage conditions, primarily temperatures and air relative
humidity, significantly affect soybean seed germination (Nkang and Umoh,
1997). According to Nkang and Umoh (1997), the optimal seed storage condi-
tions are the temperature not higher than 25 °C and the relative air humidity
ranging from 55% to 65%.

Balesevic¢-Tubic¢ et al. (2011) studied effects of ageing on vigour and bio-
chemical changes in soybean seeds and established that extreme conditions of
the temperature of 40 °C and the relative air humidity of 100% caused bio-
chemical changes in seeds and reduced seed germination. After the 3-day
accelerated ageing, the obtained seed germination was at the level of six-month
natural ageing, both under controlled and conventional storage conditions. Seed
germination after the 5-day accelerated ageing was equal to seed germination
stored for 12 months under conventional storage conditions. According to
Rastegar et al. (2011) the average germination period of deteriorated soybean
seeds increased, which agreed with results obtained by Khaje Hoseini et al.
(2003), who proved that deteriorated seeds needed more time to germinate.
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The hypocotyl length is an important seed property, on which the emer-
gence of the entire plant depends. This trait can be crucial for deeper sowing
(Priji¢ and Jovanovi¢, 1989). In addition, the root length also reflects the inten-
sity of the initial growth of the seedling. According to Srebri¢ et al. (2010), the
best germination of soybean seeds was achieved on chernozem, then on eutric
cambisol, and the lowest on pseudogley. The variation in the length of primary
roots and hypocotyls was present on different types of soils. The shortest, i.e.
longest (8.3 cm) seedling hypocotyls were recorded on pseudogley, i.e. sand,
respectively, under optimal conditions (20/30 °C). Significant differences in
the primary root length were determined among all treatments within each
genotype (genotype S1, S2, S3, S4), and then among genotypes within each
treatment. Precipitation sums and distribution, and especially the occurrence
of drought, reduce quality and yield of soybean seeds. Vujakovic et al. (2006)
stated that by applying the standard laboratory method, soybean seeds produced
under irrigation conditions had higher germination than seeds produced by
dry land farming conditions. These authors tested vigour by the application of
Hiltner test, cold test and the accelerated ageing test, and established that the
highest values of this parameter were obtained by the accelerated ageing test.
According to the study carried out by Maksimovi¢ et al. (2004), germination of
all observed soybean genotypes (Proteinka, Novosadanka and Vojvodanka) was
higher than the minimum value (75%) prescribed by the Regulation of Seed
Testing Quality of Agricultural Crops (Official Gazette of RS, issue 47/87). On
that occasion, using the standard laboratory method, seed germination under
rainfed conditions amounted to 88—90%, while this value was higher under
irrigation conditions and ranged from 92 to 98%.

CONCLUSION

The comparison of differences between the accelerated ageing test and
the standard germination test of soybean seeds showed the statistically sig-
nificant decrease in the first count (26.75%) and germination (29.25%), and the
increase of the percentage of non-germinated seeds (61.75%) after the applica-
tion of the accelerated ageing test. The following seed traits were statistically
significantly reduced after the application of the accelerated ageing test in
comparison to the standard germination test: germination, root length (106.75
mm), root fresh weight (1.39 g) and root dry weight (0.11 g), while the percent-
age of the off-type seedlings (10.75%) was increased. From the aspect of differ-
ences in the standard germination tests between organically and conventionally
produced soybean seeds, statistically significantly higher were germination
(73.00%), root length (176.63 mm) and the root fresh weight (2.24 g) in seed-
lings of conventionally produced seeds, while percentage of non-germinated
seeds (38.75%) was higher in organically produced seeds. By monitoring the
differences in the accelerated ageing test between organically and conventionally
produced soybean seeds, it was determined that the first count (60%), germina-
tion (63.25%) and the root length (106.75 mm) were statistically significantly

65



higher in conventionally produced seeds, while higher percentage of non-germi-
nated seeds (61.75%) and the length of seedling above-ground parts (121.63 mm)
were recorded in organically produced seeds.
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OPUTUHAJIHU HAYYHU PA{

YTULAJ] HAYMHA ITPOU3BOABE HA
XKHNBOTHY CIIOCOBHOCT CEMEHA COJE

Jenena M. TOJIMJAH', Mymuna JI. JOBUUNR?,
Cnaossy6 C. JIEKUR', Mune . CEHAHCKH®

"Vuusepsutet y Beorpany, [lossonpuspenau paxyaret
Hemamuna 6, beorpax 11080, Cp6uja
2VHCTUTYT 3a paTapcTBO M MOBPTAPCTBO
Maxkcuma I'opkor 30, Hosu Cax 21000, Cpouja
3 WHCTUTYT 32 KYKYpY3 ,,3eMyH [Tosbe”
Cnob6onana bajuha 1, Beorpax 11085, Cpouja

PE3MME: Tect yOp3aHOT cTapema ceMeHa jellaH je O HajBaKHUJUX TECTOBA 32
WCIIUTHBAKE )KUBOTHE CIIOCOOHOCTH CEMEHa, Koju oMoryhasa yTBphuBame creneHa
O4yBara KJIUjaBOCTH U opehuBame Iy )KUHE IEPHOJia YyBakha CEMEHA Y CKIIQIHINTY.
Luse oBor pajga 610 je na ce UCIIHTA YTUIA] ABA Pa3IMuNTA HAYWHA TPOU3BOIHE —
OPTaHCKOT U KOHBEHIIMOHAJIHOT — Ha )KMBOTHY CIIOCOOHOCT ceMeHa coje copte Kahia,
MIPUMEHOM TecTa yOp3aHor cTapema. Ceme je n3araHo CTPEeCHUM YCJIOBUMA TeMIlepa-
Type oa 45 °C u Bnaxknoctu Baznyxa (100%) y tpajamy ox 72 yaca. Hakon npumeHe
TecTa JI0ILIO0 je 70 noBehama Opoja HeKJIMjaJIor ceMeHa OpraHcKe coje, YMMe je CMatbheH
IIPOLIEHAT KJIMjaBOCTH. Y OHOCY Ha CTaHJapHU J1a00paTOPUjCKU METOJ], HAKOH TeCTa
yOp3aHoTr cTapema Iy KiHa Ha3eMHor Jiena kiaujanma (121,63 mm), Maca cBexer Haj-
3eMHOT Jiefia Kinjania (8,9 g) u Maca ocymreHor Haja3eMHor nena kaujanna (1,05 g)
6unu cy Behu, nok cy nyxwuna (100,25 mm), ceexa (1,26 g) u cysa maca (0,1 g) xopena
Ouny Behu Koj1 cTaHIapIHOT JlabopaTopHjckor MeTona. HakoH Tecta yop3aHor ctape-
a 3a0erexeH je Behu nporeHaT arnnnaHuX KirjaHana (10,75%) u Heximjaior ceMeHa
(26%) Ko/ KOHBEHIIMOHAJHE COje, JIOK je C IPYTre CTPaHe JOILIO O CMAbEHha 1Y KUHE
Haa3eMHor gena kiaujanna (100,63 mm), nyxune kopeHa (106,75 mm) u cBexe mace
kopeHa (1,39 g).

KJbYYHE PEYM: TecT yOp3aHor craperma, KOHBEHI[OHAIHA IIPOU3BO/IHA, OpraH-
CKa MMPOU3BO/IHA, COja

67



