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In this study we evaluated different terms and modes of winter wheat seeds stor-
age. The study was aimed to determine the effect of three modes and six terms on
the laboratory germination as well as to ascertain the optimal regime of storage.
Wheat was grown on leached black soil under three different fertilization con-
ditions in the northern part of Ukraine. Field and laboratory experiments were
conducted in the Agronomy Experimental Station of the National University of
Life and Environmental Sciences of Ukraine. The data were analyzed using the
ANOVA method.

Sowing properties depended more on weather conditions after harvesting
and on terms of storage in a long-term storage period. Agriculture systems (fer-
tilizing and plant protection systems) define sowing properties not more than
16%. The optimal storage period for winter seeds under different conditions was
6-18 months. In need of further storage, it is necessary to use the Cool mode.
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INTRODUCTION

High grain yield and quality are important for
food and feed production. Wheat (Triticum aesti-
vum L.) is the staple food for more than 35 per-
cent of world population (Jing, Chang, 2003; Go-
mez et al., 2009). The winter wheat is the most
common cereal crop in Ukraine and it has a big
export meaning for the economy. The annual pro-
duction of wheat grain is currently estimated in
16-22 million tons. And more than 1.5 million
tons of the harvest are used as seeds for the sow-
ing. So the problem of wheat seeds storage is im-
portant for Ukraine. And also seed characteristics
are usually an essential process in seedling estab-
lishment and plant development to obtain seedling
numbers resulting in higher seed crop (Almansou-
ri et al., 2001; Adamenko, 2012).

Every modern agriculture system includes such
components as: scientifically well-founded organi-
sation of the ground terrain of economy; rational
frame of crop rotation; system of soil process-

ing; fertilizing, plant protection system, system of
seed-growing and meliorative receptions directed
on protection against erosion (Petrenko et al.,
2013). High yields of today’s modern wheat culti-
vars require high input which leads to both higher
production costs and greater risk of environmental
pollution. Increasing public awareness of the latter,
along with growing consumer demand for healthier
products, has led, on the one hand, to greater criti-
cism being levelled at this type production model
and, on the other hand, to heightened emphasis on
crops grown under integrated-management and
organic systems (Cupic et al., 2005; Dinelli et al.,
2013). This also applies to wheat (Guarda et al.,
2008; Janusauskaite, 2013). In Ukraine, like in many
other countries, agriculture inspection is oriented
towards organic farming, whose prime objective is
to solve environmental and food safety problems.
But low-input management for wheat production
(less fungicide and nitrogen fertilisers) could af-
fect seed germination. The impact of the previous
crop could also be a determining factor for wheat
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quality. Organic producers give their preference to
competitive wheat cultivars, with high disease re-
sistance and high competitive power against weeds
(Jablonskyte-Rasce et al., 2013).

Seed germination could lead to the vegetative
plant growth initiation. Seed germination is the
first critical stage in any plant life cycle and de-
termines the optimal plant density, crop uniform-
ity and management options. Certain quantities
of seeds remain unsold every year and are kept at
various storage conditions. Environmental tem-
perature, relative humidity, gas composition of
air and pathogenic microorganisms are the most
important factors influencing seed viability and
longevity during the storage period. Interdepend-
ence of these four factors during seed storage and
their subsequent effect on germination have been
recognized for different regions (Al-Yaha, 2001;
Strelec et al., 2010)

Researchers defined germination as the ap-
pearance of the first signs of growth. Successful
crop production requires the use of high quality
seeds to achieve better stand establishment and
higher crop yield. This high level of seed quality
is demanded by the end user to assure maximum
seedling emergence and stand establishment in
the field (Tekrony, 2006). This critically evaluated
studies on the viability of cereal seeds and allowed
to obtain a simple mathematical relation between
temperature, moisture content and viability. The
relationship was apparently similar for wheat, bar-
ley, and oats.

Authors (Collins, 2010; Grover, 2013) stated
that a significant part of wheat cultivar had a
long period of seeds postharvest maturing. On
the one hand, this phenomenon is considered
an important economic sign as, preserving seeds
from intergrowth at the first stages of maturity, it
promotes augmentation of the term of their stor-
age, and, on the other hand, it is an essential lack
as long span seeds are not applicable for sowing.
That is why it is necessary to define optimal stor-
age terms and modes of seeds with different ini-
tial quality.

Different periods and agreements of wheat
seeds storage were studied, but there is no com-
mon opinion on the question of the best condi-
tions to the long-term period of storage for dif-
ferent pristine quality of seeds (Villers et al., 2010;
Lobanov, 1978; Polonskiy, 2003).

MATERIALS AND METHODS

A field experiment was set up at the National
University of Life and Environmental Sciences
of the Ukraine Agronomy Experimental Station
during the period 2009-2013. The field experi-
ment plan provided a combination of 3 different
agriculture systems in the typical for the Wood-
land zone crop rotation. The soil of the experi-
mental site is clay loam (Luvic Chernozems, Cl)
with a humus content of 4.3-4.6%, pH, ., 6.8-7.0,
P O, 176-187 mg kg, K,O 440-451 mg kg™

In our researches we used the samples of the
winter wheat (the cultivar “Natsionalna” of the
Ukrainian breading) grown by the biological, eco-
logical and intensive systems of agriculture. The
wheat pre-crop was clover in all experimental years.
The fertilizing and plant protection systems differed
essentially concerning agriculture systems. The
control treatment was the intensive system model
which provided applying for the winter wheat N, ,
K., P,,c kg ha! and also intensive usage of the rec-
ommended pesticides by the program of ensuring
the productivity of arable lands (herbicide Grodyl
75 WG and fungicide Racsile).

The models of the biological and ecological agri-
culture were compared with the control treatment.
These agriculture systems have a strong difference
most in fertilizing and plant protection submitted
below (Tanchik, 2009). In the first system organic
fertilizers (24 t ha™') were applied in crop rotation,
without any mineral fertilizers and pesticides. In a
break-down, about 17 t ha™ of this fertilizing was
dunged and there were no less than 7 t ha™' stubbly
remains (like clover or corn eddish). In particular, by
the wheat cultivation there was only seed process-
ing by a biological fertilizer before sowing (Azofit).
Exclusively, mechanical and biological means were
used against pests, diseases and weeds. This field ex-
periment was carried out in a certified organic field
in the Agronomy Experimental Station.

The ecological system envisaged the usage of
organic and mineral fertilizers in particular for
wheat N, K, P_ kg ha ' and norms of pesticides
grounded according to the criterion of the ecologi-
cal economic threshold of harmful organisms.

Weather conditions in experimental years were
based on the data from the meteorological site of
the National University of Life and Environmental
Sciences of the Ukraine Agronomy Experimental
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Station. Figure 1 shows the rainfall and mean air
temperature over the 3-year study. From middle
of March till 20th of May in 2010 there was not
any rain and in combination with high tempera-
tures it caused low quality of harvested grain. The
spring in 2011 was really dry too, but in June the
quantity of rainfall covered the shortage. The dif-
ferences in temperature between the experimen-
tal years were relatively modest. All of them were
mostly similar to the average long-term mean.
After harvesting seeds were refined and dried
up to the moisture content 13.5-14.0%. The dry
seed is characterized by a low state of metabolism
capable of withstanding extreme variations in its

environment. Then the seeds were stored for two
years in three different modes (temperature and
packing conditions) that are the most popular in
an agriculture enterprise: the first mode - in a
non-heated barn in burlap bags (in a dry state);
the second one - also in a non-heated barn but
in hermetic plastic bags, white colour outside
and black inside, thick 90 micron (without air
access), and the third mode - in a cold storage
room, with the temperature +6 = 2 °C in burlap
bags (in a cool state). The mass of each sample of
seeds was 50 kg.

The laboratory germination test was done be-
fore putting seeds on storage and then after three,
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Fig. 1. Meteorological conditions of experimental years
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six, twelve, eighteen and twenty four months. One
hundred seeds were placed in Petri dishes on two
layers of filter paper moistened with 10 ml of dis-
tilled water, and were incubated at 20 + 1 °C in the
thermostat. Prior to the germination test, the stored
seeds were surface sterilized with 96% ethyl alcohol.
For each treatment, five replicates of 100 seeds were
used. Seeds were considered to be germinated with
the emergence of the chit. The number of germinat-
ed seeds was counted at 4 and 8 days after planting
(Fig. 2). The final percentage of germinated seeds
was calculated for 8 days following seed sowing.
The results are presented as means of the germina-
tion percentages.

The experiments consisted of a randomized
complete block design which included 54 treat-

Fig. 2. Laboratory germination of winter wheat seeds:
2 - eight, I - four days after sowing

ment combinations consisting of three agriculture
systems, three modes of storage and six terms. The
data of laboratory germination tests were processed
by a two-factor N regime and year analysis of vari-
ance (ANOVA) to establish the treatment effects.
Treatment means were compared using the Fisher’s
protected least significant difference (LSD) test at
P < 0.05. Contrasts were used to determine the ef-
fect of storage terms, modes, weather conditions and
agriculture systems. The Fisher’s LSD (P < 0.05) test
was used to estimate significant treatment effects.

RESULTS AND DISCUSSION

According to the data of three-year tests, the ef-
fect of agriculture systems on the sowing prop-

erties of winter wheat seeds differed between
years (Figs. 3, 4). Detailed numerical data were
adducted lower in Tables 1 and 2. We have the
defined average value of seed germination be-
fore storage by all variants of experience. It has
compounded 65 * 1.83% (basic level). The low-
est seeds germinating capacity has been fixed in
2009, in consequence more quantity of droughty
days throughout the vegetation season. Scientific
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Fig. 3. Influence of weather conditions in harvesting
years and agriculture systems on laboratory germination
of winter wheat seeds before storage
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Fig. 4. The factor diagram of the influence of weather
conditions in the experimental years and agriculture
systems on wheat seeds germination before storage

literature indicates that not only inorganic nutri-
tion but more weather conditions, moisture and
heat regime, during grain filling and matura-
tion stages, have high significance on the grain
sowing properties (Guarda et al., 2008; Stahl,
Steiner, 1998). This could lead to differences in
the process of grain postharvest after-ripening in
different research years. Concerning agriculture
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Table 1. Laboratory germination of winter wheat seeds (%) due to the year of harvest at long-term storage

Harvesting Term of storage, month
Before storage
year 3 | 6 | 12 18 24
2009 59.67 +1.45 68.33 +2.35 91.00 + 1.04 96.78 + 0.61 91.56 £ 0.97 85.22+1.72
2010 66.33 + 1.42 85.67 +2.25 94.22 +1.07 9891 +0.64  92.44 +1.02 87.67 +1.74
2011 68.67 + 1.64 78.33 +1.94 9456 +£0.80 95.60+0.44 91.67 +0091 86.56 + 1.46

The standard deviation of the mean (p = 0.05) is presented.

systems, germination only at an intensive system
of agriculture was above the basic level. Ecological
and biological systems provided essentially the
worst values of the index.

The dispersion analysis, that we made using
the results of researches, specifies a high level
influence of weather conditions in the experi-
mental years on seed germination right after
harvesting. Taking into account their interaction
with agriculture systems, this factor defined the
index 85%. So from this it follows that the weath-
er factor is more important than agriculture
systems.

The data of wheat seed germination in depen-
dence on three cultivation seasons and different
periods of storage are presented in Table 1.

Before storage the germination test was made
in two weeks after harvesting in each year of the
experiment. The highest initial data on the in-
vestigated index were received in 2011. It can be
explained by better weather conditions in com-
parison with previous years for post harvesting
after-ripening. The investigated index was the
lowest before putting seeds on storage that is
co-ordinated with the data (Collins, 2010) about
the long period of postharvest maturing. As for
terms of storage, seed germination grew up on
the average from 27 to 37% compared with the
initial data to the highest in 12-month storage.
After that, seeds gradually started to reduce labo-
ratory germination, but by the end of the storage
period it was 26-44% above pristine indexes.

So the weather conditions of the experimental
year have a significant influence on seed sowing
properties (LSD . = 4.1) in all the period of storage.

As to influence of agriculture systems on seed
germination in long-term storage, it is necessary
to pay attention to variability of the index depend-
ing on them (Table 2). Seeds were grown under
biological system raised germination for one year
period of storage more than 34%. Less increase
was for two other systems - 26-30% per first
12 months. It was promoted by storage of seeds
at humidity below the critical value. The differ-
ence between the terms of storage was significant
(LSD, = 3.9).

Fertilizing and plants protection systems had
no significant effect on the long-term period of
storage, to the extent of 18 and 24 months. But
before the beginning of the experiment the differ-
ence between agriculture systems was significant
(LSD,, = 2.9). Literature evidence suggested that
laboratory germination of winter wheat must be
no less than 92%, for reception of the optimal
thickness of sowings (Abedi et al., 2010; Lobanov,
2008). So in our experiment we have the highest
indexes from 6 to 18 months of storage.

Table 3 apaprently shows that throughout the
first six months of storage germination increased
more intensively at the Dry mode and at storage in
the Cool mode it was the most sluggish. We traced
these tendencies for 12 months, then germinating
capacity has started to drop. The data which we
have received are co-ordinated with conclusions

Table 2. Laboratory germination of winter wheat seeds (%) due to agriculture system at long-term storage

Agriculture Term of storage, month
Before storage
system 3 | 6 | 12 18 24
Biological 62.00 + 1.44 77.22+3.63 91.08+247 9633+055 91.00+1.03  86.56 + 1.56
Ecological 64.00 + 1.27 76.00 +3.72 9478 £249  9422+0.77 9233+1.08 86.22+1.43
Intensive 69.67 £ 1.01 79.33 £3.52 93.11+252 9567+087 9233+093  86.67 +1.54

The standard deviation of the mean (p = 0.05) is presented.
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Table 3. Laboratory germination of winter wheat seeds (%) due to the mode of storage at long-term storage

Before Term of storage, month
Storage mode
storage 3 | 6 | 12 18 24
Dry mode 84.67 +2.67 9456+0.47 94.89+0.73 93.89+0.61 87.00*0.87
Without Air Access | 65.00 £1.91 | 76.00+2.79 96.11 £0.45 9544+0.69 89.22+0.72 81.44+0.47
Cool mode 71.67 +2.72 89.11+237 9589+048 92.56+0.69 91.00+1.18

The standard deviation of the mean (p = 0.05) is presented.

(Dromantiene et al., 2013; Strelec et al., 2010; Vil-
lers et al., 2010) about enriching of wheat grain
sowing properties at short-term storage.

For the 24-month storage period laboratory
germination was at high level, exclusively in sam-
ples that were stored in the Cool mode. We marked
gradual reduction of the index in the second half
of the storage period. Most intensively this process
descended at seeds storage in the mode “Without
Air Access”.

The graph presented below showed the impor-
tance of factors which influenced sowing proper-
ties of grain at its long-term storage (Fig. 5). We
can approve that storage terms have the greatest
influence on dynamics of laboratory germination.
At conducting the two-factor analysis of influence
of the storage modes (Factor A) and terms (Fac-
tor B) on germination, we defined the major influ-
ence of the factor B - 63-74%. So, we compared

this factor with growing factors (weather condi-
tions and agriculture systems). Both of them had
less value than the terms of storage. That particu-
lar data was coordinated with the results of other
authors (Li et al., 2008). That is why we can con-
firm that in the process of long-term wheat seeds
storage the term of storage has the greatest value
from the four studied factors.

CONCLUSIONS

1. Weather conditions of harvesting years were the
most important factor that has influence on ger-
mination before storage of seeds. They were more
optimal in 2011. Agriculture systems define sow-
ing properties not more than by 16%.

2. For the two-year storage period, dynamic
of winter wheat seeds germination was more de-
pendent on the terms of storage as compared with

90 7 82.1
807 70.6
70 1 63.2 ]
° 60 I8l
QE: 50
40
30 1
17.6
20 7 15.1
8.2 1.0 6.9 7.4 5.4 8.6
10 A |_| 3.9
0 T - o T - - E] T T T T [:] T D T D
S 3 o (T $ & o $
& \0&% S : oq}& 6&& \0&& &* e‘éo ﬁé&& \0@% S : é@
0'& 0&% \Q} }_}0 e~ 0&% \@‘{b ‘%’\o'Q @% 0&‘5 \é/ ‘%\OQ
RS2 $ & PO ¢ & e A o
o & & S & R o & )
o\ 9 &@ <L 9 Y*%\ L Q

Fig. 5. Influence of storage modes, weather conditions and agriculture systems on laboratory germina-

tion depending on the terms of storage
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other studied factors. This value was from 63% to

82%.
3. The optimal storage period for winter seeds

under different conditions was 6-18 months. In
need of further storage, it is necessary to use the
Cool mode.
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SKIRTINGOSE ZEMDIRBYSTES SISTEMOSE
AUGINTU ZIEMINIU KVIECIU (TRITICUM
AESTIVUM L.) SEKLOS LAIKYMO SALYGU
POVEIKIS DAIGUMUI

Santrauka
Straipsnyje nagrinéjama skirtinga Zieminiy kvieciy séklos
laikymo trukmeé ir badai. Darbo tikslas — laboratorijoje istirti
zieminiy kvie¢iy séklos, ziema laikytos trimis badais ir Sesiais
periodais, daiguma bei nustatyti jos laikymo optimaly rezima.
Zieminiai kvieciai buvo auginti Siaurés Ukrainos isplautame
juodzemyje (Luvic Chernozem) ir tre$ti trimis badais. Lau-
ko ir laboratoriniai tyrimai atlikti Ukrainos nacionalinio
gyvybés ir aplinkos moksly universiteto Agronomijos tyrimy
stotyje. Gauti rezultatai jvertinti taikant ANOVA metodika.

Séjos ir javapjatés poveikis daugiau priklausé nuo oro
salygy, sandéliavimo poveikis - nuo laikymo trukmeés.
Skirtingy Zemdirbystés sistemy (tresimo, augaly apsaugos)
poveikis sékloms i$silaikyti nevirsijo 16 %. Nustatyta, kad
optimalus Zieminiy kvie¢iy séklos laikymo skirtingomis
salygomis periodas — 6-18 ménesiy. Norint laikyti ilgiau,
reikia taikyti $alto sandéliavimo budus.

Raktazodziai: Zemdirbystés sistema, daiginimas labora-
torijoje, laikymo trukme ir bdai, Zieminiy kviec¢iy sékla



