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ABSTRACT

Seed quality is crucial for achieving the desired number of plants in the mixture, as well as the ratio of grass-legume components.
Seeds of red clover and Italian ryegrass can be placed on the market with germination of 70 % and more. In this experiment, the
seeds of six varieties of red clover and four varieties of Italian lily were examined. Seeds up to four years of age were tested. Seed
quality was examined by monitoring the following parameters: germination energy, amount of hard-dormant seed, total germination
and amount of abnormal seedlings. The tested varieties of red clover and Italian ryegrass seeds showed the best quality after one and
two years of storage. After four years of storing seeds, out of six tested varieties of red clover, two did not meet the criteria for
marketing in Serbia, according to the current rulebook on seed quality. In the case of Italian ryegrass, out of four tested varieties,
two did not meet the criteria for placing seeds on the market.

Keywords: Italian ryegrass, red clover, seed quality.

REZIME

Crvena detelina i italijanski ljulj se Cesto gaje u smesi. Kvalitet semena je od presudnog znacaja za ostvarenje Zeljenog
brojabiljaka u smesi, kao i odnosa travno-leguminoznih komponenti. Za zasnivanje useva se moze koristiti seme razlicite starosti koje
zadovoljava kriterijume kvaliteta za stavljanje u promet. Seme crvene deteline i italijanskog ljulja moze se stavljati u promet sa
klijavoscu od 70 % i vise. U ovom eksperimentu, ispitivano je seme razlicite duzine skladistenja: Sest sorti crvene deteline i Cetiri
sorte italijanskog ljulja. Ispitivana su semena starosti do Cetiri godine. Kvalitet semena je ispitivan pracenjem sledecih parametara:
energija klijanja, kolicina tvrdog-dormantnog semena, ukupna klijavost i broj nenormalnih klijanaca. Ispitivane sorte semena crvene
deteline i italijanskog ljulja su pokazale najbolji kvalitet nakon jedne i dve godine ¢uvanja. Nakon Cetire godine cuvanja semena, od
Sest ispitivanih sorti crvene deteline, dve nisu zadovoljile kriterijume za stavijenje u promet u Srbiji, prema vazeéem pravilniku o
kvalitetu semena. Kod italijanskog ljulja, od Cetiti ispitivane sorte, dve nisu zadovoljile kriterijume za stavljanje semena u promet.

Kljuéne reci: crvena detelina, Italijanski ljulj, kvalitet semena.

grown in a mixture have a positive effect on soil biogenicity and
INTRODUCTION weed reduction in relation to the cultivation of these forage

According to many kinds of research and practical Plants in pure culture (Sleugh et al. 2000).
experiences, red clover (Trifolium pratense L.) and lItalian The initial crop density in all plants is achieved by the
ryegrass (Lolium multiflorum L) are some of the most amount of germinating seeds in the crop establishment. To
productive grass-leguminous mixtures for fodder production on ~ achieve the optimal ratio between legumes and grasses in the
more fertile soils (Tomic et al. 2012; Camlin et al 1983). mixture, it is important to correctly determine the number of

Both species can also be grown as pure crops. However, seeds for sowing. In production, the ratio in the mixture
sowing and growing in a mixture with legumes is better, because ~ determines the yield and quality of feed. Namely, it is generally
of the well-known benefits: legumes are nitrogen fixers, and ~ Known that the legume component is of better quality and that
grasses have pronounced nitrogen requirements (KneZevi¢ and ~ the grass component is more productive. There is no doubt that
Stanisavijevi¢ 2018). Studies have shown that these species seed germination is the most important indicator of seed quality
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and crop establishment success. And the goal is to maintain
high-quality seed germination for as long as possible during the
seed storage period. But the reality is that the seed reaches
maximum germination during storage and then follows the
period of seed aging, which inevitably leads to a decrease in
germination, which is different for each species (Kandil et al.
2013; Desheva, et al. 2017). Of course, for preserving
germination, ambient conditions in which the seed is stored are
also of high importance.

The aim of these tests was to examine the quality of seeds
during the year of harvesting and the next four years of storage
through indicators: germination energy, hard-dormant seeds,
total germination and abnormal seedlings. Seeds of six varieties
of red clover, and the seeds of three varieties and one population
of the Italian ryegrass were used in the experiment.

MATERIAL AND METHODS

After harvesting 2016, the seeds of 6 red clover varieties (K-
17, Viola, Kolubara, Nike, Una, and Sana) were taken and 4
varieties of Italian ryegrass (K-13, Aubade, Draga, and
population P1). Seeds were collected from commercial
production or experiments from the second increase in red clover
and from the first increase in Italian ryegrass. In all cases, the
seeds were collected from Serbia. After drying the seeds to
humidity lower than 12 %, the seeds were placed in a two-layer
paper package and stored in the seed warehouse, the ambient
conditions of which are shown in Table 1.

The next parameters of the seed quality were examined:
germination energy, hard-dormant seed, total germination and
abnormal germination.

The test was performed in March (the time of spring sowing
period) on seed stored for one year (Y1); two years (Y2); three
years (Y3); and four years (Y4).

In the year of harvest (YO) red clover seed was stored for 1.5
months, and the Italian ryegrass seed was stored for 4 months
(due to different times of harvest). The testing time was during
September on seeds from the year of harvest (Y0), autumn
sowing period.

Seed quality determination was done in accordance with the
rulebook on seed quality testing of the (Official Gazette of SFRY,
1987), which is harmonized with ISTA Rules (ISTA, 2020).

For statistical analysis, Tukey’s multiple-range F test was
applied and the coefficient of variation was used to test for the
effects of the treatments. The standard error of the mean was
calculated to indicate variation around the mean. Data for
germination and dormancy percentages were arcsine transformed
before being subjected to analysis of variance [sqr(x/100)]. The
program Minitab, version 19.1.0 (Minitab Inc., State College,
PA, USA) was used to process data (free version).

RESULTS AND DISCUSSION

In the year YO, the high presence of hard seeds caused
lowergermination energy on both tested species (Tables 2 and 3).
However, factor variety influenced differently on germination
energy of red clover seed (Viola 60% to Una 70%), with the
variability of all tested varieties (CV = 5.44 %). The variety
influenced the germination energy of the Italian ryegrass
differently: Draga 65% to Aubada 73 %, with the variability of
all examined varieties (CV = 5.08 %). Total germination
behaved similarly to germination energy (Tables 2 and 3).

In legumes, hard seeds are characterized as seeds that cannot
receive water and gases (Matilla, et al. 2005; Baskin, et al.
1998), and these seeds germinate subsequently when the seeds
become permeable. In other words, seedling developed from a
hard seed (which sprouts later than the classic ones) cannot
produce a new plant (Bass et al. 1988). Seeds from YO had lower
germination energy (67 % for all varieties), with a difference of
10% (Viola 60 % to Una 70 %), and variability (CV = 5.44%).
On seeds from YO0, abnormal seedlings ranged between 1% and
2% (Table 2).

All investigated varieties met the condition for placing on the
market (according to the given criterion of total germination of
70 % and more percent). But the difference between the varieties
in the total germination was 8%. (Viola 70 %, Nike 78 %; Table
2). In YO year, the lowest germination of red clover cultivars had
the Viola (70 %) and the Nilke had the highest (78 %) with the
variability coefficient of 3.87 %. The average germination of
ryegrass was 77 %, with CV = 1.69 %. The lowest germination
on Italian ryegrass had the variety K-13 (75 %), and the highest
Draga (78%). Given that red clover and Italian ryegrass are
mainly grown in a mixture (Tomi¢ et al. 2004) and in accordance
with the current regulations on seed quality, the seeds from the
year of harvest (YO) could be used for sowing in compliance
with legal regulations.

For the professional aspect, it can successfully be used to
establish a mixture of red clover and Italian ryegrass. In the YO
were found 1 % to 2 % of abnormal seedlings in the red clover
seeds, and 2 % to 4% of abnormal seedlings on Italian ryegrass
seeds (Tables 2 and 3).

Italian ryegrass for seed production is mostly harvested in
May. If the seeds were used in the same year for sowing (autumn
sowing period), then it would take about 4 months from
harvesting to sowing. In such a short period after harvesting,
fodder grass seeds are characterized by a high presence of
dormant seeds (Stanisavijevi¢ et al. 2011, 2017, 2020). Seed
quality tests showed seed dormancy, of all varieties (17.3 %
from Y0). The examined varieties diverged by 4 % (15 % of P1
populations, 19 % of Aubada). The coefficient of variation,
depending on the tested varieties, was CV = 9.90 %.

In general, in the year YO, there was a high presence of hard
seeds in all tested varieties of red clover (17.8%). However, the
examined varieties differed by 5% (K-14 15% to Kolubara and
Nike by 20% each). A statistically significant difference (p<
0.05) was found between these varieties, with a coefficient of
variation CV = 11.4% (Table 2).

Table 1. Average monthly (I-XI1) temperatures (T ° C) and humidity (PH) in the warehouse during storage of seeds for steam

for five years (average YO -Y4).

Month | [ w [ v [ VvV [ vi [vil [vin [ X [ X [ X[ xu
Temﬁ%g‘ture 22 | 63 | 93 | 114 | 138 | 205 | 227 | 237 | 129 | 112 | 61 | 32
Relative humidity:| g13 | 793 | 785 | 663 | 659 | 639 | 646 | 687 | 747 | 767 | 776 | 796
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Table 2. Seed quality of red clover cultivars during the five-year period (YO to Y4).

Vear K-17 Viola Kolubara Nike Una Sana X | cv%
Germination energy %
Y0 69°"'h A 60°°* b B 67°""'b AB 69" b A 70°"%h A 68" "*b A 67 5.44
Y1 825" a B 85°"%a AB 80" aB 85713 AB 90" a A 86~"%"a AB 85 4.07
Y2 89" 3 A 86" aB 86*"* aB 90" % a A 88" aA | 87" aAB 88 1.86
Y3 76" % ab B 80°""a AB | 80°"*"aAB 747 hH B 86" "7 a A 78" b B 79 5.25
Y4 65 "% b B 78" %% ab A 69°%*h B 73" AB | 74°"" b AB | 70°"F b AB 72 6.30
X 76 78 76 78 82 78 - -
CV % 12.7 135 10.6 11.3 11.0 11.3 - -
Abnormal seedlings %
YO 11 0.28 b B 21 0.63 b A 21 0.78 b A 21 0.46C A 21 0.60C B 11 0.81 d B 17 310
Y1 2*%%ab AB 2°h AB 2°%%h AB 1*°%cd B 3Thc A 2*"B cd AB 2.0 31.6
Y2 2*"*aph B 3*"PabAB | 3**“ab AB 0*"*dC 4= p A 3*%c AB 2.5 55.1
Y3 3 aB 3% ap B 4*"¥ 3 B 55%%0h AB 6" ab A 6% b A 45 30.6
Y4 3ac 5591 4B 559 3B 8 "% a A 73 AB 8" a A 6.0 33.3
X 2.2 3.0 3.2 3.2 44 4.0 - -
CV % 38.0 40.8 40.7 102 47.1 72.9 - -
Hard - dormant seed %
Y0 15°*"a B 16°°*a AB 20598 3 A 2057 2 A 18*°%aAB | 18"“aAB | 178 | 114
Y1 3" pC 7"°*hB 10°°® b A 9*"""h A 3"*pC 7"®hB 6.5 45.4
Y2 2*%Ihe D 5:%%h C 65> cB 8" p A 1*®pD 6-"“bB 47 57.0
Y3 0°""cA 0°"PcA 0% A 0°""cA 0°"%ph A 1% c A 0.2 244
Y4 Ot 0.00 c A 01 0.00 c A 01 0.00 d A Ot 0.00 c A Ot 0.00 b A Ot 0.00 c A 00 OO
X 4.0 5.6 7.2 7.4 4.4 6.4 - -
CV % 157 118 116 111 175 112 - -
Total germination %
Y0 77°"b A 70°°“cB 74*%> ¢ AB 78°°%h A 75 cAB | 73" cAB 75 3.87
Y1 88" ab AB | 89" aAB | 86" abB | 90°""aAB 9373 A | 91" a2 AB 90 271
Y2 93" "% A 90" "“a AB 89* " aB 92°"%aA | 90°""ab AB | 90°""aAB 91 1.66
Y3 79°"%h B 83*"“pAB | 82" phAB | 76°"“bB 88" " h A | 80" b AB 81 5.02
Y4 67°%7cB 707 cAB | 715" c AB 5593 ¢ C 7559 cA | 72" cAB 68 10.3
X 81 80 80 78 84 81 - -
CV % 12.5 12.3 9.58 18.9 10.2 11.1 - -

a, b... X, (different small letters) significant effect (P < 0.05; Tukey's Multiple Range test) for the column,
A, B... X, (different capital letters) significant effect (P < 0.05; Tukey's Multiple Range test) for the row,

Values are mean + standard error of the mean.

During the examination of seeds for the germination energy
and total germination, no statistically significant difference (p
>0.05) was found in red clover between Y1 year and Y2 year. In
Italian ryegrass, a significant difference was found for total
germination (p< 0.05) only in the P1 population. On the other
hand, the influence of red clover varieties on germination energy
and total germination was significant both in Y1 and Y2. In
Italian ryegrass, the influence of variety was significant (p<
0.05) only for Y1 for total germination, while for germination
energy in Y1 and Y2 and total germination in Y2 not significant
(p< 0.05). Red clover seeds from these two years are also of the
highest quality for total germination (average values for Y1 was
90%, and for Y2 was 91%). For Italian ryegrass, the average
values of total germination were 91% for Y1 and 90% for Y2. In
both years (Y1 and Y2) red clover varieties Una and Nike
showed the highest germination energy (90% each) while for
total germination Una had the highest germination in Y1 (93%).
The K-17 variety showed the highest germination on seeds from

Y2. As expected, starting from YO to Y2, there is an obvious
trend of a decrease in hard seed in red clover and dormant seed
in Italian ryegrass (Tables 2 and 3). For the same period, in both
tested varieties, there is no clear conclusion about abnormal
seedlings in either species.

Red clover and Italian ryegrass seeds from Y3 and Y4 had
reduced quality (Tables 2 to 5). On all examined varieties of red
clover, the total germination of Y3 seeds significantly decreased
in relation to the maximum achieved. On the seeds of Italian
ryegrass, only varieties K-13 aged Y3 had no significantly lower
germination compared to the maximum, while the others also
had significantly lower total germination.

On seeds from Y4, the total germination on red clover
varieties indicates that two of them that had lower germination
of 70% did not meet the condition of placing seeds on the market
(K-17, germination 67% and Nike germination 55%). Also, in
the case of Italian ryegrass, one variety and one population had
not germination for placing seeds on the market (Draga - 69%
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Table 3. Seed quality of Italian ryegrass varieties during the five-year period (YO to Y4)

Vear K-13 Aubade Draga P1 X CV %
Germination energy %
Y0 725%9¢c A 73508 c A 65 %% ¢c B 70°%0 ¢ A 70 5.08
Y1 86" ab A 90" "% 3 A 88773 A 90" 3 A 89 2.16
Y2 88" a A 89" a A 89" a A 87" a A 88 1.08
Y3 84*%% p A 80*%""h B 72599p C 79°%%hHh B 80 7.12
Y4 7459 ¢ A 712 ¢ AB 67 "% cB 65°°¢c B 69 5.82
X 81 81 76 78 - -
CV % 9.03 10.9 15.1 13.7 - -
Abnormal seedlings %
Y0 3*2hH AB 4*% ah A 2*%phB 4% p A 3.3 29.5
Y1 159% ¢ B 220%h A 15%%hH B 1% ¢ B 1.3 40.0
Y2 3*0%H AB 4*% ah A 22"¥pB 2*%7¢cB 2.8 34.8
Y3 5% 3 AB 5% 3 AB 4*%% 3B 6" a A 5.0 16.3
Y4 6% a AB 55077 A 5:0% 3 A 7= A 5.5 10.5
X 3.6 4.0 2.8 4.0 - -
CV % 54.1 30.6 58.7 63.7 - -
Dormant seed %
Y0 18* "% 3 AB 19*%%a A 17*°"a AB 15" 3B 17.3 9.90
Y1 10°°%p A 6-"*bC 8"y B 6:%*pC 7.5 25.5
Y2 6" cA 2% cC 4= ¢ B 4*%%pecB 4.0 40.8
Y3 220 g A 1T ¢ AB 0*"®dB 2208 A 1.3 76.6
Y4 0*%®d A 0*'*#c A 0*%%d A 0*%%d A 0.0 0.00
X 7.2 5.6 5.8 5.4 - -
CV % 99.4 140 122 108 - -
Total germination %
Y0 75" p B 76"® ¢ AB 78 % p A 77 c AB 77 1.69
Y1 88*"*a B 91*%* a AB 90* " a A 93?3 A 91 2.30
Y2 90*"* a3 A 90*"“a A 91* "3 A 89 %% p A 90 0.91
Y3 86" a A 82" h AB 79" p B 80°°*¢cB 82 3.79
Y4 78 %" p A 759 c A 69" c B 67" dB 72 7.09
X 83.4 82.8 81.4 81.2 - -
CV % 7.84 9.09 11.3 12.6 - -

a, b... x, (different small letters) significant effect (P < 0.05; Tukey's Multiple Range test) for the column,
A, B... X, (different capital letters) significant effect (P < 0.05; Tukey's Multiple Range test) for the row,

Values are mean + standard error of the mean.

and P1 - 67%). In the Y3 and the Y4, factor variety had a
significant impact on differences in germination energy of red
clover, and also for abnormal seedlings and total germination.
The same can be concluded for the seeds of Italian ryegrass.

According to Tomi¢ (1989), without data in which conditions
the seeds were stored, after four years of storage, the total
germination of red clover seeds ranged from 71 to 80% for
different varieties. Total germination of the different varieties of
Italian ryegrass was 60 to 67%.

The conditions that prevail in the seed storage, primarily
humidity and temperature, are of high importance for preserving
the quality of seeds, to which seeds of each species react
differently (Ellis and Roberts 1981). The conditions in which
our seeds were stored (Table 1) during the test are typical for
seed warehouses in which there is no artificial regulation of
humidity and temperature.

Tables 4 and 5 show the correlation between the examined
traits. The coefficients of simple correlations (r) on red clover

seed were determined by the highest positive correlation (p<
0.01) between total germination and germination energy on
varieties K-17, Una and Sana. Also, significant (p< 0.05) but
negative and lower interdependence was found between total
germination and germination energy for Kolubara variety; as
well as between total germination and abnormal seedlings on
Nike variety and between abnormal seedlings and hard seed on
K-17 variety (Table 4). Highly significant (p< 0.001) and
positive interdependence was found between the total
germination and germination energy in the Italian ryegrass on
the varieties K-13 and Aubada. Also, on the population P1 and
variety Draga, a significant (p< 0.01 and p< 0.05)
interdependence was found between total germination and
germination energy.

On the other hand, a negative and significant (p< 0.05)
interdependence was found between the total germination of
abnormal seedlings (Table 5).
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Table 4. Simple correlations (r) between the examined seed guality traits on six red clover cultivars during five years-n =5

Variet Feature Total germination | Germination energy [Abnormal seedlings| Hard-dormant
y % % % seed %
Total germination % 1.000 0.971 ** -0.490 ns -0.043 ns
K-17 Germination energy % 1.000 -0.130 ns -0.267 ns
Abnormal seedlings % 1.000 -0.903 *
Hard seed % 1.000
Total germination % 1.000 0.795 ns -0.393 ns -0.224 ns
Viola Germination energy % 1.000 0.214 ns -0.700 ns
Abnormal seedlings % 1.000 -0.713 ns
Hard seed % 1.000
Total germination % 1.000 0.957 * -0.408 ns -0.080 ns
Kolubara Germination energy % 1.000 -0.128 ns -0.351 ns
Abnormal seedlings % 1.000 -0.857 ns
Hard seed % 1.000
Total germination % 1.000 0.715 ns -0.958 * 0.437 ns
Nike Germination energy % 1.000 -0.639 ns -0.097 ns
Abnormal seedlings % 1.000 -0.644 ns
Hard seed % 1.000
Total germination % 1.000 0.986 ** -0.146 ns -0.504 ns
Una Germination energy % 1.000 0.011 ns -0.640 ns
Abnormal seedlings % 1.000 -0.748 ns
Hard seed % 1.000
Total germination % 1.000 0.986 ** -0.408 ns -0.106 ns
Sana Germination energy % 1.000 -0.264 ns -0.253 ns
Abnormal seedlings % 1.000 -0.862 ns
Hard seed % 1.000

Statistical significance levels: *p< 0.05, **p< 0.01, ***p< 0.001, ns — not significant (p >0.05)

Table 5. Simple correlations (r) between the examined seed quality traits on four varieties of Italian ryegrass, during five

years-n=>5
Variety Feature Total germination | Germination energy |Abnormal seedlings|Hard-dormant seed
% % % %

Total germination % 1.000 0.998 *** -0.396 ns -0.323 ns
K-13 Germination energy % 1.000 -0.429 ns -0.272 ns
Abnormal seedlings % 1.000 -0.674 ns

Hard seed % 1.000
Total germination % 1.000 0.999 *** -0.678 ns -0.287 ns
Aubade Germination energy % 1.000 -0.673 ns -0.261 ns
Abnormal seedlings % 1.000 -0.287 ns

Hard seed % 1.000
Total germination % 1.000 0.914 * -0.838 ns 0.190 ns
Draga Germination energy % 1.000 -0.631 ns 0.137 ns
Abnormal seedlings % 1.000 -0.670 ns

Hard seed % 1.000
Total germination % 1.000 0.976 ** -0.918 * 0.153 ns
p1 Germination energy % 1.000 -0.833 ns -0.062 ns
Abnormal seedlings % 1.000 -0.371 ns

Hard seed % 1.000

Statistical significance levels: *p< 0.05, **p<0.01, ***p< 0.001, ns — not significant (p >0.05)

CONCLUSION

After all years of storage, the seeds of the tested fodder
species of Red clover and Italian ryegrass showed high
compatibility for the quality of seeds. Seeds had the highest
quality of both species after storage of one (Y1) and two years
(Y2). After four years of storage, the quality of seeds, above all,
the total germination is about 70%, which is the limit for placing
seeds on the market. The influence of variety was significant for

seed germination after all periods of red clover storage (YO to
Y4). For ltalian ryegrass seeds after storage for two years (Y2),
the varieties differed in total germination by only 2% and the
influence of the variety was not significant. On the tested seed of
red clover cultivars, stored for four years (Y4), the influence of
the variety was significant. On the Italian ryegrass seed stored
for four years, two varieties had

higher germination of 70% and two had lower than 70%.
Varieties with better preservation of total germination during the
storage period could be stored for a longer period.
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