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SUMMARY

Original scientific paper
lzvorni znanstveni ¢lanak

A research of seed storage period and storage temperature effects upon the seed quali-
ty and seedlings traits for the seeds of two perennial ryegrass cultivars (Bartwingo and
Calibra) was conducted. Seeds were stored in hermetically sealed glass dishes at four
different temperatures (room temperature about 21°C, 10°C, -20°C and -80°C) and for
three different periods (9, 18 and 30 months). Upon completing the storage treatments
the seed and seedling traits were tested by the rolled filter paper method.

The research has revealed significant effects of storage temperature, storage period,
cultivar and interactions upon all the investigated traits. The highest germination ener-
gy, germination and seedling plumule length were observed after the shortest (9-month)
storage period, and the least after the longest (30-month) storage period. Seedling
radicule was longest after 18-month storage period and shortest after 30 months. All
the investigated traits had the highest values when seeds were stored at -80°C, and the
least when the seeds were stored at room temperature. Cultivar Bartwingo has shown
a greater germination energy and germination but Calibra has shown a greater seedling
radicule and plumule length.
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INTRODUCTION

Field crops’ yield and quality are strongly influen-
ced by quality of the seed used. However, seed quality
is composed of its genetic, physical, physiological and
sanitary traits (Marcos-Filho and McDonald, 1998)
which are more or less affected by environmental con-
ditions during the seed’s crop vegetation (McDonald,
1998), seed processing (Schaffer and Vanderlip, 1999),
seed storage conditions and storing period (Saxena et
al., 1987). Among the agroecological conditions, the soil
pH and content of macro- and micro-nutrients have the
main impact on seed quality whilst the proper analytical
method for a.m. soil traits is crucial for obtaining the
data for decision-making process in seed crop’s agro-
nomy (Popovi¢ et al., 2010).

Storing and seed ageing changes i.e. declines
seed’s quality (Vieira et al., 2001; Karman et al., 2014).
Therefore the seed'’s vitality and viability may be greatly
disturbed during a storing process if it is in inadequate

conditions. Critical factors in the storage, according to
Elias et al. (2002), are: kind of seed, seed moisture con-
tent, initial viability of the seed, storage temperature and
relative humidity, storage period and protection from
storage fungi and insects.

Optimum storing conditions primarily depend on
the species of which the seed is being stored. Generally,
the grass seed may be easier to store than maize seed,
and maize seed better than soybean (Elias et al., 2002;
Simi¢ et al., 2005). Seeds of small-seed forages may
maintain their viability for a very long period in suita-
ble conditions (Griffiths and Pegler, 1964; Lewis et al.,
1998). Considering the seed’s moisture and storing tem-
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perature, Cattani (2007) reported that perennial ryegrass
seed of higher moisture (20%) and at higher temperature
(25°C) lost its viability very quickly when compared to
lower seed moisture (10.5%) and lower storing tempe-
rature (5°C). Ellis and Hong (2006) determined that red
clover (Trifolium repens L.) and lucerne (Medicago sativa
L.) seed has kept viahility over 14.5 years of storage
at low moisture (2.2 to 14.9% for red clover and 2.0 to
12% for lucerne) and temperature of -20°C when stored
at hermetically closed dish. Furthermore, the Bean et
al. (1984) research has shown, after 3 to 5 years of
storage in aluminium foil at 5% seed moisture, the higher
perennial ryegrass (Lolium perenne L.) seed germination
ability when stored at temperatures -25°C and 0°C than
when stored at 18°C. Seed of small-seed legumes and
grasses may be successfully stored for 12 years in
controlled relative air humidity and temperature (2°C
and relative humidity between 10 and 20%) and better
than in controlled temperature only (4°C), Marshall and
Lewis (2004).

Ching and Calhoun (1968), and Ching and
Schoolcraft (1968) investigated the causes for seeds’

viability and vigor decrease in crimson clover (Trifolium
incarnatum L.) and perennial ryegrass stored during 10
years at various seed moisture (6, 8, 12, 16 i 20%) and
temperature (3, 22 i 38°C) in a closed can. Upon the
results, they concluded that the loss of viability and
vigor was not due to depletion of food, but appeared
to be related to the activity of proteases, phytase, and
phosphatases since an increase of permeability, amino
acids, and inorganic phosphate was observed in the
aged material. The magnitude of these increases was
related to species and seed moisture and to a lesser
degree to storage temperature.

Aims of the research were to observe and deter-
mine the effects of various seed storage periods and
storage temperatures upon seed and seedlings traits of
two perennial ryegrass cultivars.

MATERIAL AND METHODS

The research was conducted using the seeds of
two perennial ryegrass cultivars (Table 1).

Table 1. Investigated perennial ryegrass cultivars, country of origin, mass of thousand seeds, seed moisture, and

cultivar ploidy

Tablica 1. Podrijetlo, masa 1000 sjemenki, vlaga sjemena i ploidnost kultivara engleskoga ljulja

Cultivar Origin Thousand seed weight (g) Seed moisture (%) Ploidy
Kultivar Podrijetlo Masa 1000 sjemenki (g) Vlaga sjemena (%) Ploidnost
Bartwingo Netherlands 1.92 8.4 Diploid
Calibra Denmark 3.06 10.4 Tetraploid

Prior to the experimental storage initial seed qua-
lity parameters (germination energy and germination)
and traits of developed seedlings (radicule and plumule
length, Table 2) were determined upon conducted germi-
nation (ISTA Rules, 2003), as described below.

Table 2. Initial seed and seedling traits

The trial was set up in a split-plot design type in
four replicates. The main effect was storage period (S),
while the split-effects were temperature of storage (T)
and cultivars (C).

Tablica 2. Svojstva sjemena i klijanaca kulitvara Bartwingo i Calibra

Cultivar Germination energy (%) Germination (%) Radicule length (cm) Plumule length (cm)
Kultivar Energija klijanja (%) Klijavost (%) DuZina korijena (cm) DuZina stabljike (cm)
Bartwingo 82.5 85.8 5.28 8.11
Calibra 68.5 68.5 6.52 9.33

Experimental storage was conducted in herme-
tically sealed glass dishes, one dish per trial variant.
Investigated factors were storage temperature (at four
levels: room temperature about 21°C, 10°C, -20°C and
-80°C) and storage period (at three levels: 9 months,
18 months and 30 months). After completing the expe-
rimental storage the seeds were tested for seed quality
traits (germination energy and germination) and traits of
seedlings (radicule and plumule length) developed after
germination. Four replicates of 100 seeds per each trial
variant were set out. Seed germination was conducted
in a rolled moisturized filter-paper, closed in PVC bags,
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and placed at air-conditioning chamber, initially at 7°C
for 10 days, and finally at 20°C for 8 days (ISTA Rules,
2003). Counting for germination energy determination
was performed on the fifth day of the final temperature,
and counting for germination determination upon com-
pleting the germination process. Seedlings radicule and
plumule lengths were measured on 25 randomly taken
seedlings after completing the germination process.
Data analyses were done by PROC ANOVA and PROC
CORR procedures of SAS Software 9.1.3 (2002-2003).
Significances of differences were tested by LSD test.
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RESULTS AND DISCUSSION

All the investigated seed and seedling traits of
perennial ryegrass were significantly affected by storage
period, temperature and genotype (Table 3). Also, signi-
ficant interactions were detected among treatments.

Average values of germination energy varied with
cultivar, storage period and temperature of storage
in the range from 2.5 to 84% (Figure 1). Considering
the storage period, the highest values for germination
energy, when averaged over cultivars and temperatu-
res, were obtained for the shortest storing period and
prolonged storing has significantly (p<0.01) lowered
the germination energy (Table 4). Also germination
energy has been significantly (p<0.01) decreased with
the increase of storing temperature, when averaged
over cultivars and storing periods. The results were in
harmony with findings of Rozman et al. (2010) who inve-

stigated the same cultivars for storing at 10°C, -20°C
and -80°C for period of 9 moths. The Bartwingo cultivar
had significantly (p<0.01) higher germination energy
than Calibra, exceeding it BY 13% when averaged over
storing periods and temperatures. When compared to
the initial germination energy (Table 1), the experiment
has decreased the germination energy BY 10% for
Bartwingo and 9% for Calibra on the average. The finding
was in accordance with the Palada (2010) report who
found out the 38% germination energy fall in perennial
ryegrass upon 3-year storing period, both in controlled
environment (10°C and 50% relative air humidity) and
uncontrolled one in the 3-year research. Palada (2010)
observed that diploid cultivars dropped the germination
energy more severely (by about 50%) than tetraploid
ones (by about 25%).
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Figure 1. Germination energy and germination (%) of perennial ryegrass seed at varying storage period and storage

temperature

Grafikon 1. Energija klijanja i klijavost (%) sjemena kultivara engleskoga ljulja pri razli¢itoj duZini i temperaturi skladistenja

Average values of germination varied with cultivar,
storage period and storage temperature in the range
from 5.1 to 85% (Figure 1). Germination, when averaged
over cultivars and storing temperatures, has been signi-
ficantly (p<0.01) decreased with the increase of storing
period. The finding was in line with Palada’s (2010)
results. Stanisavljevi¢ et al. (2011) have also observed
the significant decrease (69%) of germination perennial
ryegrass after storage. They reported the maximum ger-
meability (93%) after 270-day storage period, the medi-
um after 540-day storage period and the lowest after
990-day storage period, with the final fall of 69 % when
compared to the initial germeability. Germination has
been decreased significantly (p<0.01) with the increase
of storage temperature when averaged over cultivars
and storing periods (Table 4) being in accordance with
Rozman et al. (2010) who found the highest germination
when seeds were stored at -80°C after 9-month storage

period. The result was in conformity with Ackigoz and
Knowles (1983) who investigated the seeds of three
grass species stored at five different temperature levels
(21,5, 1, -7 and -18°C) during 12 years in various sorts
of packages. The germination was maintained highest at
-18°C and somewhat lower when seeds were stored at
-7°C, but it was lost when seeds were stored at above
zero temperatures, regardless to sort of package.

Hampton and Bell (1989) investigated the effects of
seed moisture (9.7, 11.9 and 14.9%) and storing period
(1, 3, 6, 12 and 18 months) upon germination of prairie
grass (Bromus willdenowii Kunth) seeds. They found the
greatest fall of germination at the highest seed moisture
and storing period of 12 months at 10°C.

In the present research the Bartwingo cultivar has
shown 14.6% higher average germination (p<0.01)
than Calibra. When compared to the initial values (Table
1), diploid cultivar Bartwingo has shown the greater
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average fall of germination (7.6%) than tetraploid Calibra
(5%). Similarly, the Palada’s (2010) research has revea-
led greater loss of germination in diploid cultivars than
in tetraploid ones despite the greater initial germination
at diploid ones.

Average radicules’ length (RL in further) varied from
1.36 to 7.22 cm (Figure 2), depending on the research
treatment. Average RL varied significantly (p<0.01)
with storing period. Storing period effects to RL were
not consistent with the effects to germination energy
and germination. The highest RL was observed upon 18
months storage period, medium after 9 months of stora-
ge and lowest after 30 months (Table 4). Stanisavljevi¢
et al. (2011.) found the highest values (7 cm) of

perennial ryegrass hypocotil length after 350-days long
seed storing period whilst the final length (after 990
days) was 6.6 cm.

The storing temperature also significantly (p<0.01)
affected the RL. The highest RL was observed upon
storage at -80°C (Table 4) and the least upon room tem-
perature (21°C).

Cultivar Calibra has shown the greater (p<0.01)
average RL than Bartwingo, for 1.06 cm (or 28%),
being opposite to the exhibited germination energy and
germination performance. The storage experiment has
decreased RL when compared to the initial one (Table
1), for 0.38 cm for Bartwingo and for 0.56 cm for Calibra.

cm 10

.
[N .
i ---n .

N S~ S
N 7

| —— 9 Months 18 Months
. 9 Months 18 Months —— mjesect 18 mjeseci /
. . . . Cd +
9 mjeseci 18 mjeseci 30 Months /
3 - -
30 mjeseci /30 Months
2 J 30 mjeseci
1 n -
Bartwingo Calibra

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T

21 10 -20 -80 21 10 -20 -80 21 10 -20 -80 21 10 -20 -80 21 10 -20 -80 21 10 -20 -80

‘ ————rroot length/duzina korijena - - - .- shoot length/duzina stabljike ‘ Temperature/Temperatura (°C)

Figure 2. Seedlings plumule and radicule length (cm) of perennial ryegrass cultivar at varying storage period and

storage temperature

Grafikon 2. DuZina stabljike i korijena klijanaca (cm) kultivara engleskoga ljulja pri razli¢itoj duZini i temperaturi skladiStenja

Table 3. LSD values for the investigated traits of perennial ryegrass at different storage periods and temperatures
Tablica 3. Prikaz LSD vrijednosti za ispitivana svojstva sorata engleskog ljulja pri razlicitoj duZini i temperaturama skladistenja

LSD | S | T | C | sxt | sxx | Txc | sxTxc
Germination energy / Energija klijanja
0.05 0.2339 0.2700 0.1909 0.4677 0.3307 0.3819 0.6614
0.01 0.3110 0.3591 0.2540 0.6221 0.4399 0.5079 0.8797
Germination / Klijavost

0.05 0.2841 0.3281 0.2320 0.5683 0.4018 0.4640 0.8036

0.01 0.3779 0.4364 0.3085 0.7558 0.5344 0.6171 1.0688
Radicule length / DuZina korijena klijanaca

0.05 0.0443 0.0512 0.0362 0.0887 0.0627 0.0724 0.1254

0.01 0.0590 0.0681 0.0482 0.1180 0.0834 0.0963 0.1668
Plumule length / DuZina stabljike klijanaca

0.05 0.0388 0.0448 0.0317 0.0776 0.0549 0.0634 0.1097

0.01 0.0516 0.0596 0.0421 0.1032 0.0730 0.0843 0.1460
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Average plumules’ length (PL in further) varied from
2.95 to 8.71 cm (Figure 2). Storing period significantly
(p<0.01) shortened SL (Table 4). The observation was
in line with the findings of Stanisavljevi¢ et al. (2011)
who found the greater PL in perennial ryegrass (8.4 cm)
upon 200 to 650 days storing period than upon 990 days
(8 cm) storage period.

PL was significantly (p<0.01) affected by storing
temperature too. The highest PL was observed for sto-
ring at -80°C (Table 4) and the lowest at 21°C.

Opposite to the lower germination energy and
germination for the tetraploid Calibra, generally greater

(p<0.01) PL in Calibra than in diploid Bartwingo, for
0.51 cm or 7% was observed, being in conformity with
findings of Rozman et al. (2010). Smith et al. (2003),
in their research of ploidy level and seed mass effects
upon the early vigor of perennial ryegrass, found, at
33-days old plantlets, the lesser shoots and greater abo-
ve-ground herbage at tetraploid than in diploid cultivars.
They explained this phenomenon as a consequence of
“Gigas” effect, i.e. the greater cell of polyploids. When
compared to the initial values (Table 1), the experi-
ment has decreased SL for 1.3 cm on the average for

Bartwingo and for 2.01 cm for Calibra.

Table 4. The effects of seed storing temperature and storing period on seed and seedlings traits of investigated

perennial ryegrass cultivars

Tablica 4. Utjecaj temperature i vremena skladistenja na svojstva sjemena i klijanaca ispitivanih kultivara engleskoga ljulja

Storage Storing period (months) (S) Average (SxT)
temperature (T) DuZina skladistenja (mjeseci)(S) Prosjek (SxT)
Temperatura skladistenja (T) 9 | 18 30
Germination energy (%) / Energija klijanja (%)
RT* 71.75 56.13 18.50 48.79¢
10°C 71.75 67.00 60.25 66.33¢
-20°C 74.88 76.88 67.88 73.210
-80°C 79.63 79.50 66.75 75.29°
Average/Prosjek 74.50° 69.88° 53.35° 65.91
Germination (%) / Klijavost (%)
RT* 80.38 62.25 33.25 58.63¢
10°C 75.25 69.00 7313 72.46"
-20°C 77.88 79.13 71.00 76.00°
-80°C 83.88 73.88 71.50 76.42°
Average/Prosjek 79.35° 71.07° 62.22¢ 70.88
Radicule length (cm) / DuZina korijena klijanaca (cm)
RT* 5.96 5.54 2.59 4.704
10°C 5.44 6.33 4.79 5.52¢
-20°C 5.87 5.70 5.53 5.70°
-80°C 5.67 5.91 5.80 5.79°
Average/Prosjek 5.74> 5.87¢ 4.68° 5.43
Plumule length (cm) / DuZina stabljike klijanaca (%)
RT* 7.81 6.66 4.03 6.17¢
10°C 1.2 7.35 6.92 7.16°
-20°C 1.52 7.18 1.7 7.29°
-80°C 7.56 1.64 1.1 7.64°
Average/Prosjek 7.532 7.21° 6.46° 7.06

*room temperature (£21°C)

CONCLUSION

According to the research results of storage tem-
perature effects of two perennial ryegrass cultivars upon
seed and seedling traits determined after 9, 18 and 30
months storage periods, the following conclusions can
be drawn:

- Seed and seedling traits varied significantly under

effects of storage period, temperature, cultivar
and interactions between the effects.

- Values of germination energy, germeability and
length of plumule were decreasing with increa-

ses of storage period whilst the radicule length
was highest after 18 month of storage.

- All the enquired traits had maximum values when
seeds were stored at -80°C and the lowest at
room temperature.

- Bartwingo cultivar, on the average, had greater
germination energy and germeability whereas
Calibra had greater radicule and plumule length.

Seed quality loss storage is an unavoidable pro-
cess. In order to preserve the seed quality, especially
during longer storing period the optimum storage con-
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ditions (temperature of storage, seed's moisture) which
primarily depend on the plant species, variety and ploidy
level should be chosen.
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UTJECAJ DUZINE | TEMPERATURE SKLADISTENJA NA SVOJSTVA SJEMENA |
KLIJANACA ENGLESKOG LJULJA (Lolium perenne L.)

SAZETAK

IstraZivanje utjecaja duZine i temperature skladistenja na svojstva sjemena i klijanaca engleskoga ljulja provedeno
je sa sjemenom dva kultivara (Bartwingo i Calibra). Sjeme je pohranjeno u hermeticki zatvorene staklene posude
na sobnoj temperaturi te na 10, -20 i -80°C. Navedena svojstva mjerena su nakon 9, 18 i 30 mjeseci skladistenja
metodom rolanoga filter papira. Dobiven je znacajan utjecaj temperature, duZine skladistenja i kultivara te njihove
interakcije za sva isptivana svojstva. Najvece vrijednosti za energiju klijanja i klijavost sjemena te duzinu stabljike
dobivene su nakon 9 mjeseci skladistenja, a najmanje nakon 30 mjeseci. Korijen klijanaca bio je najduzi nakon 18, a
najkraéi nakon 30 mjeseci skladistenja. Sva ispitivana svojstva imala su najvecée vrijednosti skladistenjem na -80°C,
a najmanje na sobnoj temperaturi. Kultivar Bartwingo imao je vecu energiju klijanja i klijavost, a Calibra duZinu
korijena i klijanaca.

Kljucne rijeci: engleski ljulj, sjeme, duZina skladistenja, temperatura
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