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Pe3stome

Pasrnexxga ce BNMAHWETO Ha hakToOpUTE Ha OKOMHaTa cpefda BbpXy NPOpPacTBaHETO Ha CeMeHaTa U
MOHWKBAHETO Npu uapesuuaTa. OnncaHo e BNUSIHUETO Ha TemrneparypaTta v BMaXHOCTTa Ha noyesata BbpXy
CKOpPOCTTa Ha npouecuTe, NPoTMYaLLmM B CeMeHaTa B PaHHUTE eTanu OT OHTOreHe3nca, a CbLLUO Y NOHUKBAHETO
Ha LapeBUYHUTE pacTeHNs Npu pasfnnyHK YCrioBMs Ha cpeara.

LlenTta Ha n3cnegBaHeTo e onncaHve 1 obsicCHeHWe Ha NornyyYeHuTe pesynTaTi OT YUCTIEHNTe ekcnepu-
MEHTM C pa3paboTeHnsi Mogen, KOWTO NO3BOMsBa Aa Ce OLEHM BIIMSHMETO HA arpOMETEopPOsIorMyHUTE YCro-
BMSI BbPXY CpOKa Ha MOHMKBaHeE.

B pesynTar oT npoBegeHWTE EKCNMEPUMEHTM € YCTaHOBEHO, Ye Temrnepartypata Ha noysata OKasea
Han-ronsiMo BNMsiHME BbPXY NPOpPacTBaHETO Ha cemMeHaTta, JoKaTo 3a HaTpyrnBaHETO B CEMeHaTa Ha Heobxo-
AMMOTO KONMYECTBO Brara 3a HayanoTo Ha pacTeXHUTE NPoLecy rmaBHa poris MMa npeam BCUYKO BNaXHOCTTa
Ha noyeara.

Pe3stome

PaccmatpuBaetcsa BnusHMe (GakTOpPOB OKPYXatloLLen cpefbl Ha npopacTaHue ceMsiH 1 (oopMnpoBa-
HMe BCXOO0B KyKypy3bl. OnMcaHo BNUsiHMe TEMNepaTypbl U BNAXXHOCTW NOYBbI HA CKOPOCTb NPOLECCOB, BO3HM-
KaloLLMX B CEMEHax Ha paHHUX 3Tanax OHTOreHe3a, a Takke Ha NosIBNEeHNsa BCXOA0B NpW PasnnyYHbIX YyCOBUAX
cpenpl.

Llenblo gaHHom paboTbl sBRsieTcs onncaHve U ob6bACHEHUE MOMyYeHHbIX Pe3yrnbTaToB YMCMEHHbIX
9KCMEPUMEHTOB C pa3paboTaHHOW MOAEenbl, YTO MO3BOMSAET OLEHWUTb BIWSIHUE arpOMETeOopOrorMyeckmnx
YCINOBUIN Ha (hOPMMPOBaAHNE BCXOO0B, CPOKM UX MOSIBMEHNUS U MOSTHOTY.

B pesynsrate npoBefeHHbIX 3KCNEPUMEHTOB YCTAHOBIIEHO, YTO TeMMnepaTypa NoYBbl OKa3bIBAET Hau-
Gonbluee BNMsHWE Ha CTaaun YANMHEHNS KONEONTUIS, B TO BPEMS Kak Ha CTaauMu HaKOMMEeHNs cCeMeHeEM He-
06X0AMMOro KonuyecTBa Bnaru A8 Hayana pocToBbIX NPOLECCOB, [MaBHY POfb UrpaeT NpenMyLecTBEHHO
BMaXXHOCTb MOYBbI.

Abstract

The response of seed germination and seedling emergence of maize to the environmental factors is
examined in the present article. The effect of temperature and humidity on the rate of the processes arising
in the seed at the early stages of ontogenesis as well as on the emergence of seedlings under different soil
conditions is described.

The purpose of this paper is to describe and explain the results of numerical experiments with the
developed model as well as the impact of the agrometeorological conditions on seed germination and seedling
emergence, their capacity and duration.

A number of numerical experiments were conducted and it was established that soil temperature has
the greatest influence during the time of seedling formation, whereas soil humidity plays a major role in the
absorption and accumulation of moisture by the sowed seed in order to start growing. The high sensitivity of
the coleoptile elongation rate to the soil temperature and density was revealed as well.

KniouoBu gymu: LapeBuua, arpOMEeTeopOoriorMyHy YCroBKsi, MPOpacTBaHe Ha cemeHaTta, MOHUKBaHe.

KniroueBble crnoBa: KyKypy3a, KOreonTusb, MPOPOCTaHNE CEMSIH, HaKMbOBbIBaHME, NOSIBIIEHNE BCXOLOB.
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INTRODUCTION

The problem of modeling and vyields
forecasting in varying degrees was considered by
many scientists from all countries with developed
agriculture. Currently there are a large number
of models of different crops development and
productivity. In most of these models the early stages
of plant development are not considered or exist as
consisting blocks of "weather - crop" models, but
there are some independent models.

Development of calculation method and
assessment of shoots formation conditions, its
capacity and emergence time empower agro-
meteorological support of agriculture, gives the
opportunity to predict the state of crop development
and make timely management solutions. Designed
model is aimed to eliminate shortcomings and to
improve previous models of the period from sowing
to emergence.

The greatest achievements in this field have
the United States (Chipanshi et al., 1997; Bewley
and Black, 1985; Alm et al.,, 1993; etc.) and the
European Commission (Debeaujon et al., 2000;
Forcella et al., 2000; Aggarwal et al., 2006; Palosuo
et al., 2011; etc.). Ukraine also has a series of
studies concentrated on the developed statistical and
biological models to predict crop yields. A humber
of scientists engaged in modeling crop cereals, in
particular are Polyoviy (2008), Dmitrenco (2005),
Drozd (2010), Antonenko (2002), Sirotenko (1981),
Nemchenko and Musamenco (1982) and others.
These models simulate the growth and development
of plants under the influence of a wide range of
environmental factors.

In this paper we describe and explain the
results of numerical experiments with the developed
model on the impact of agrometeorological conditions
on seed germination and seedling emergence, its
capacity and duration.

MATERIALS AND METHODS

The model is based on the achieved level
of seed germination and shoots formation modeling,
certain modifications and improvements made.

More information processes underlying the
model were previously considered in (Polevoy and
Sinitsyna, 2013), as well as mathematical basis of
these processes. Below is a brief recall of the model
content and main processes which will be discussed
later.

The model describes the basic physical and
biochemical processes occurring in seeds during
germination and formation of shoots. Some of these
processes occur simultaneously, but some change
each other, that is consistent.
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The model consists of the following blocks:

1) block of water imbibition by seeds;

2) block of hydrolysis of endosperm reserves;

3) block of respiration;

4) block of mass storage;

5) block of coleoptiles growth (elongation);

6) block of emergence capacity and its
distribution on area.

The first block of the model is separated from
the others, since the results of its work is the start
point of hydrolysis, respiration and growth processes
occurring in seeds. Since the moisture content of
seeds remained unchanged throughout the period
and does not directly affect the flow of processes the
future of this unit is out of interest.

Hydrolysis of endosperm  reserves,
respiration, weight accumulation by axial organs
and coleoptile elongation occur at the same time.
But it should be noted that the work of hydrolysis
and respiration block begins even before the direct
growth. Respiration block conventionally divided into
three blocks under:

1) sub-block of endosperm respiration;

2) sub-block of embryo respiration;

3) sub-block of germ respiration.

The first sub-block is used towards the
end of germination. The other two are successive.
This feature is due to the fact that after the launch
of embryo growth processes it goes into a seedling
(germ) and therefore has two newly created bodies.

Most interesting for consideration is the
block of coleoptile growth (elongation). According
to this block we can determine coleoptile length and
time of emergence as a consequence.

Once a seed is placed in the soil it starts to
absorb moisture rapidly. This process is due to the
difference in water potential of the soil and seeds.
The equation that describes the water imbibition by
the seed is below.

. 1 1
AVVSJ = SsPs (‘//;01'1 _V/g )v

where AW is water flow into the seed, g
per day; jis step in time, day; S_ is absorptive surface
of the seed cm?, P_is seed membrane permeability,
sec per cm; y _, is water potential of the soil, MPa;
y . is water potential of the seed, MPa.

After reaching a certain levels of moisture
content the process of respiration and hydrolysis
begin (marked as “crit 17 in the model algorithm)
triggering of growth processes and start of axial
organs (roots and coleoptiles) development (marked
as “crit 27), increasing their dry weight.

Coleoptile is a cylinder of constant radius.

(1)
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The speed of coleoptile elongation is described as
a function of its mass accumulation with regard to
mechanical resistance of soil as determined soil
density p_, and its moisture content. As a result
of laboratory experiments it is revealed that the
elongation of coleoptile before germination occurs
exponentially which is included in mathematical

terms of the process
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where ng is length of sprouts at the j-th day,
cm; ms]p(r) is weight of sprouts (roots), g; p col is
specific density of sprout plant mass, g/ cm3; r o is
radius of the sprout base, cm; kg, ( ps0i) is function
of soil density effects on sprout growth; kg, (W, ., )is
function of upper soil layers moisture influence on
the sprouts elongation.

The model was adjusted using laboratory
experiments on the maize seeds germination done
with different temperatures (12, 18 and 22° C) and
constant moisture. Seeds were rolled into filtering
paper and put horizontally in reservoirs with certain
water layer to keep rolls constantly moistened during
experiment. Seed samples were taken every day to
determine moisture content using drying oven. After
triggering growth processes dry weight and length of
axial organs were determined as well.

Model verification was done using Odessa
Hydro-meteorological Center data for 6 research
stations in Odessa region for 5 years (from 2009 to
2013). Considered parameters are dates of sowing,
germination and emergence, soil temperature and
moisture contentin 10 cm soil layer, precipitations and
visual observations of upper soil layers moisture.

RESULTS

The model was implemented on a PC
using Microsoft Office Excel. Corn was selected to
identify the model parameters. Most of the initial
parameters were obtained from the experiment
with the germination of corn seeds in the laboratory
environment. However, some parameters were
obtained by analyzing the data available in the
literature, as well as through optimization and manual
selection.

A series of numerical experiments were
implemented to investigate the sensitivity of the model
to changes in environmental parameters during seed
germination. The model is sensitive to changes in
temperature by 1° C, humidity of 1 mm and changes
in soil density of 0,1 g/ cm?3. Initial settings, seed size
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and its moisture content at sowing, moisture content
depending on soil type could be changed as well. The
time step was chosen as one day. Loamy soil layer
thickness of 5 cm with the field moisture capacity of
10 mm was considered. The optimal soil moisture
under those conditions is 8 mm.

The amount of agrometeorological factors
that affect the time and capacity of emergence
reduced to three the most important ones which are
temperature, moisture and density of soil.

It is known that the process of germination
consists of two consecutive phases: 1) seed mois-
ture absorption and its swelling; 2) sprouts growth
and reaching the soil surface. Therefore, the nu-
merical experiment also was divided into two sta-
ges: 1) investigation of the rate of seed moisture
accumulation; 2) investigation of coleoptile elongation
rate influenced by environmental factors.

The first phase of the experiment describes
the seeds water imbibition until the moisture level
becomes sufficient for growth processes beginning
under different soil temperature and moisture.

Below the process is described in details.
Figure 1 clearly shows that soil conditions kept during
the period in a level of 7-9 mm of moisture and 22°C
of temperature make seeds swell in 2 days. In the
case of insufficient moisture content the period will
be extended up to 3 days. Water absorption slows
down with temperature decrement and imbibition
period may last 3-5 days under optimal soil moisture
and can be extended up to 7 days under insufficient
moisture content (Fig. 1). After reaching critical water
content (marked as “crit 2” on Fig. 1) seed moisture
does not change.

There is no doubt that temperature is the
main factor governing water imbibition rate of
seed. The intensity of water accumulation varies
with temperature. The increase in temperature
accelerates the rate of seed water imbibition and
decrease cases delaying the process.

An important role is played by soil moisture
as well. Its reduction slows the water imbibition.
Because of high water potential seeds can absorb
moisture even from the soil with low moisture
content, but not from the soil with moisture less then
moisture of resistant wilding. Increased soil moisture
accelerates water accumulation, but in the case of
low temperatures there is a risk of seed damage by
fungi and harmful bacteria that can cause further
germination delays, their infrequent and death of
plants. Seeds react strongly to limit soil moisture
reserves, which delays the absorption of water,
rather than raising them.

Thus, the main factor which affects the rate
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Puc. 1. [luHamuka HakornneHus enagu cemMeHamu rpu memnepamype noysesl 12° C, 18° C, 22° C u
pasfnuyHom codepxaHuu erazu 8 5 cMm croe: a) 5 mm; b) 7 Mm; ¢) 9 Mm
Fig. 1. Dynamics of seed moisture accumulation at soil temperature 12° C, 18° C, 22° C and different soil
moisture content in 5 cm layer: a) 5 mm; b) 7 mm; ¢c) 9 mm

of accumulation of seed moisture is soil temperature,
but when the temperature is optimal the factor which
limits the accumulation of moisture is soil moisture.

The results of water imbibition modeling
coincide with the laboratory experiment in process
orientation and obtained dynamic curves of moisture
contentin seeds. Startup growth processes are lightly
different. According to the numerical experiments
with the model its start 1 day earlier laboratory data
represented. However, this can be explained by the
conditions of the laboratory experiment. In the wild
conditions soil tightly envelops seeds that involve
the entire surface of grains, when during laboratory
simulation grains can consume moisture only from
its sides as it requires by the “roll” method which was
used for research.

The second part of the experiment describes
the effect of temperature, humidity and soil density
on the rate of coleoptile elongation and emergence
as a consequence.

Corn plant throughout its entire life cycle
is a subject to various conditions that affect both
favorably and unfavorably on the vital functions of
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the body and its performance. The ability to endure
adverse conditions depends on conditions, under
which plant was formed, and the depth and duration
of individual factors and their combinations effects.

The experimental results were grouped by
soil moisture conditions during the period.

Under the optimum moisture and optimum
temperature the limiting factor for emergence
formation is the density of the soil, namely increasing
soil density prolongs germination time. So with the
required density (0.8 g / cm?) coleoptiles can reach
the soil surface in 5 days after sowing, when the
density is 1.4 g/ cm? sprouts appear atleast in 7 days
(Fig. 2). Under greater soil density more energy and
time required for coleoptile to make a way towards
surface.

It should be noted that even under optimal
moisture condition, soil temperature with decreasing
intensity seed germination is also reduced. As at 18 °
C sprouts appear in 7-10 days and at 12° C — at least
in16 days after sowing.

Temperature accelerates the hydrolysis

of reserve substances grains, breathing and



e

AepapeH yHusepcumem - [1rnosous

APAPHU HAYKW  [oduHa VI

bpou 15 2014

5 / / / 5
4 : : : : 45
K= B
E=l L
23 53
2 &
g2 g2
@ o
3 £
0 0
2 3 4 5 6 7 10 15 20
Time, day Time, day b)
a)
5
4
§
£ 5 —6—0.8 g/cm3
18: =—1 g/cm3
-% =h=1.2 g/lcm3
§ 2 =>=1.4 g/cm3
8 =¥=sowing depth
1

Time, day

c)

Puc. 2. [JuHamuka yOruHeHUs1 KOIeonmursisi 8 r1o4ee ¢ pasiudyHol memrepamypol u cooepxaHuem enazu 8
croe 5 cm u nnomHocmeto nodesi om 0,8 0o 1,4 e/cm3: a) 22°C u 7 mm; b) 12°C u 7 mm; ¢) 12°C u 5 mm
Fig. 2. Dynamics of coleoptiles elongation at different soil temperature and moisture content in 5 cm layer
with soil densities from 0.8 to 1.4 g /cm?: a) 22° C and 7mm; b) 12° C and 7mm; ¢) 12° C and 5 mm

accumulation of root and sprouts dry weight
that visually displays the extension of coleoptile
(Stroganova et al., 1983). Seefeldta et al. (2002)
also noted that the most favorable temperature
for germination is 20.2-25.2°C. Equally important
an increase in temperature increases the activity
of a-amylase which accelerates the excretion of
enzymes that contribute to the transformation of
reserve substances in the endosperm available for
growth compounds as a result of increased funds
compounds that used to increase the axial organs.
Despite the fact that soil moisture is one of
the main factors influencing the rate of germination,
but with increasing moisture content up to 9 mm
while sprouting virtually unchanged at an optimum
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temperature of 22°C and also is 5-7 days after
seeding and 7-10 days at 18°C . But at temperature
of 12°C emergence can be expected only after 15
days. However, with decreasing humidity to 5 mm
coleoptile reaches the sowing depth not earlier than 6
days at optimum temperature and the lowest density
of soil, 9-11 days at 18°C and 19 days at 12°C (Fig.
2, ¢). Furthermore, in low moisture and temperatures
close to the minimum biological cultures, with
increasing density of the soil the plant is threatened
with death before reaching the surface. In this case
the endosperm is depleted by nutrient reserves on
growth, but the shoot has not yet reached the earth's
surface and plant photosynthesis cannot take place
to support further growth.
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DISCUSSION

The obtained results are close to Chirkov
(1969) data, confirming the fact that when the soil
moisture is optimal corn seed germination rates
depend mainly on temperature. So at 11-12° C
germination starts in 7-9 days and at 18-22° C in 2-3
days. The resulting simulation values coincide with
the data by Chirkov in the range of 18-22° C, the
lower temperature is slightly different.

The rapid initial moisture absorption
apparently due to absorption of water covering
tissues of seeds and germ stuff, playing the role
of inputs to further water penetration into the
endosperm according to Polevoy V.V. (1989). Rever-
sible seed swelling indicates that participation in
outdoor water awakening seed is limited mainly by
hydration reaction. This however increases mobility
in the material bound water and seed enzymes and
biochemical reactions begin to occur which are
responsible for its germination.

Poluektov et al. (2006) proposed detailed
scheme of seed moisture uptake, where water
potentials of embryo and endosperm are separated.
As in our case the main result of moisture absorption
block is the start of hydrolysis and growth of
axial organs, so there is no need for additional
destabilization and calculations of sufficient seeds
and soil water potentials are general.

Also there is a slightly different presentation
regarding the physiology of seed germination process
in Poluektov et al. (2006) model. By separating the
embryonic stage of feeding type, i.e. under standard
laboratory conditions for the first 3 days the embryo
uses only its own reserves, from 3 to 5 day while
reserves of grains and endosperm and only after
5 days there is a complete shift in the endosperm
type of feeding. However, as the embryo is usually
only 10% of the seeds and it contains relatively
small nutrient reserves, so the developed model is
neglected regarding this details and considers only
embryo - endospermic type of feeding.

Unfortunately we cannot compare the results
of numerical experiments with real field observations
data of agrometeorological stations. According to
the Guidelines of agrometeorological stations and
posts (2007) germination phase is observed when
the first embryonic root broke the coating shell
and visibly moved outside, to simulate the same
is more interesting phase only seed swelling. That
observation indicates when growth processes have
already begun, but it marks the time of their launch.

Obviously, the early moisture accumulation
is faster. Experiments conducted by Mushketova and
Kazakova (2009) to study the moisture accumulation
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of barley seeds during the first two days after
hydration also show a jump intensity of this process,
namely the first hour of seeds accumulate for about
16% moisture (14% are collected by first 20 minutes
after contact with water) and only 2% for the second
hour. Further reduced rate of water imbibition and
water accumulation in seed is very smooth and slow.
This jump coincides with the swelling phases: first
is physical and second is physiological swelling
(Smylovenko, 2004; Tretyakov et al., 1998). Physical
swelling is a process of water absorption by seeds as
a porous body. It is rapid and complete within the first
six hours (Alekseychuk, 1999). This step is the same
with dead and alive seeds. Physiological swelling is
water absorption by cells biocolloids. At this stage
the seed growth in size, hydrolysis of endosperm
reserve substances begins. These processes are
typical only for alive seeds.

Speed of germination has an absolute va-
lue for the next harvest. Rubin et al. (1969) was
established inverse relationship with the yield of
spring wheat and duration of period from sowing
to emergence. Rapid germination of barley causes
rapid kinking roots increases plant productivity.
With the acceleration of germination decreases the
probability of decay and death of seeds, especially
damaged ones.

Dependence of germination period duration
on temperature is not in doubt, but in a different
dampening effect of temperature has been changing
andis characterized by varying degrees of connection
(Fedoseev, 1968).

The results of the numerical experiments
with the model are close to the calculations made by
Dmitrenco (1961), based on the equations describing
the influence of temperature on germination duration
for barley, oats, rye and wheat. But note that the
resulting Dmitrenco (1961) equations are based
on experiments which exclude random effects of
soil moisture, depth of seeding and seed quality.
According to Dmitrenco (1961), at a temperature of
22° C sprouts appear in 5 days, which agrees with
the results in the optimal (7 mm) and above optimum
(9 mm) soil moisture content with a soil density of
0.8—1 g/cm?. At a temperature of 18° C the duration
is 6 days, which compared with modeled data differs
by 1-2 days. In the case of small water supplies larger
deviations are also observed. In temperatures close
to the biological minimum of maize there are some
differences. This is because corn is a thermophilic
crop and lower temperature retards the rate of
growth to a greater extent than for wheat and barley,
and the equation was developed mainly for them.
Dmitrenco (1961) calculated duration of the period
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with techniques suggested by Ulanova (1958),
Rudenko (1950), Ventskevich (1958) and Geslin
(1952), what allows us to compare the value of a
large number of existing techniques. A comparison
revealed similar dependence, however, the highest
degree of similarity is with Rudenko (1950) for 180
C. There are significant differences with the method
of Ulanova (1958), which also explains the specific
techniques for wheat.

According to Chirkov (1969) under favorable
conditions seedlings appear within 6-10 days and
20-25 days under unfavorable, which also coincides
with the results of numerical experiments.

According to the model developed by
Pavlova (1983) in low soil moisture and temperature
13°C sprouts appear within 20 days, under optimum
temperature within 3-5 days, which also agrees with
the results of numerical experiments.

Theseresults agree withthe databy Jameand
Cutforth (2004) where germination time and coleoptile
elongation rate are measured at temperatures above
15°C, as the authors consider the characteristics of
spring wheat germination which is less demanding
to temperature and can grow at temperatures much
lower than the ones demanded by corn. Obtained by
the author beta - function describes the dependence
of the daily increment of the coleoptile length due
to temperature, at a time when soil moisture is not
a limiting factor. The simulation results agree with
the above calculated data of the beta - features and
emergence time and conducted experiments by De
Jong and Best (1979). However, the authors take as
a basis the assumption that in maintaining a constant
level of daily temperature a constant elongation
takes place (mm per day), whereas the developed
model takes into account a daily gradual increase
in intensity of growth since the launch of coleoptile
growth processes in the seeds.

Specialrole inthe emergence and its capacity
belongs to low temperatures. Low temperatures
violate the biological balance between beneficial
and pathogenic microorganisms in favor of the latter,
fungi begin to develop that damage the seeds and
young plants swelling.

Corn belongs to the thermophilic plants, i.e.
such that die or have significant damage as delayed
growth and significantly reduced performance when
they are cooled to a temperature of about 0°C.

Maize grown in cold soil (8-10° C) in the early
phase shows delayed accumulation of dry matter as
carbohydrates and ascorbic acid, reduced tissue
respiration and photosynthesis, its enzyme activity
varies considerably and the absorption of mineral
nutrients and water is slower. In crymophylactic plant
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physiological processes such violations are less
pronounced or not observed (Rubin et al., 1969).
At a lower temperature different maize varieties
react differently. More resistant to it are the ripening
varieties. High sensitivity to low temperatures is a
characteristic of the late varieties.

Different responses to low temperatures
have been observed during swelling and seed
germination. Such responses are varying speed of
the transition to active plant life as well as rate of
water absorption, and hence swelling grains, higher
in more cold-resistant plants.

The negative impact of low soil temperature
on maize grains is enhanced by the fact that they can
be damaged by fungi. Most seeds are dying, field
germination is reduced, and the crops are reduced as
well. Typically, to reduce the damage being inflicted
by fungi, pre-seed cultivation of various substances
which could destroy the fungi is used.

Sensitivity of maize grains to low temperature
depends on its effect on the embryo. The seeds of
not crymophylactic varieties do not germinate at
low temperatures even in the case than enough
amount of water was absorbed. In such seeds low
temperature slows the process of converting spare
substances as starch, protein and, fat in a form that
is absorbed by the embryo and makes it difficult to
transport it to active state.

With sufficient soil moisture similarity caryop-
sides and growth of seedlings depend mainly on
soil temperature. The results of the numerical
experiments coincide with the above published data.
We add that the data fall into intervals calculated
duration period, which in turn limited the density
and moisture content of the soil. It is clear that when
the density of the soil is lower, then sprouts appear
earlier. For example, at a temperature of 18.1°C
emergence should be within 9 days whereas in the
calculation model based on variability of the soil
duration it will be within 7-11 days.

Dependence of the maize seed germination
on temperature is crucial for choosing the sowing
time. This question has accumulated a lot of ex-
perimental data, from which hung corn is best to
exercise when the soil temperature at a depth of
seeding is 10-12°C.

In @ more detailed processes of root apex
growth of young maize seedlings in soil cooled to
12° C it was found that the intensity of the slowing of
cell division, the growth of root tip in length and the
accumulation of nucleic acids and proteins increases.

Thus the effect of temperature on germination
described by the numerical experiments in the model
is confirmed by field and laboratory experiments
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described in the literature.

Unlike most authors Forsella et al. (2000)
emphasizes the need to consider the reaction of
seeds to changing soil moisture. These labels are
numerically equivalent to the soil water potential
and show its effect on the time of emergence and its
capacity. Most favorable for growth in his opinion is
the water potential of 0.5 MPa, water stress occurs
at 10 MPa which greatly limits the emergence. Our
results in numerical terms are difficult to compare
with experiments made by Forsella et al. (2000)
but the orientation of the process is similar. In our
case, with moisture of 5 mm the processes of growth
are slowed and with moisture content of less than
3 mm it is observed there is plant water stress and
depression.

Nosatovskyj (1950), based on experiments
with wheat, found that the first green leaf of the
wheat goes through the top of coleoptile or from the
soil on its surface. At higher temperatures the first
leaf makes its way through coleoptile earlier than
coleoptile appears above ground, whereas a low
temperature leaf appears after coleoptile reaches
the surface, and in the second case the leaf during
its growth in the soil is protected by coleoptile. Thus
coleoptile protects the leaf from its direct contact
with the soil and the pests contained therein. This
is reflected in the plant resistance against some
diseases. Including hiberella and hilmentosporum
are more damaging sprouts of wheat at 25°C than
at lower temperatures when shoot breaks surface
protected by coleoptile.

Jame and Cutforth (2004) also noted the
possibility of the first leaf appearance in soil layer,
but it is not possible for deep seed foundation and
small density of the soil. The authors explain the
process that coleoptile reaches sowing depth value
of about 2.5 cm at its apex relaxed start to get some
sunlight which stimulates the activity of the young
plant to begin breaking coleoptile and emerge a first
leaf. However, the authors did not determine the
impact of the accelerated development of the further
growth of vegetation and plant resistance.

CONCLUSIONS

1. Dynamic model of grain crops germination
and seedling emergence developed. Itallows defining
and evaluating the date of germination, emergence
capacity, distribution of plants with different sowing
depth and number of plants per unit area. The model
describes dynamics of seed moisture absorption
and seed physiological and biochemical processes:
hydrolysis of endosperm reserves, respiration,
distribution of the products of hydrolysis between
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axis organs and their growth.

2. In numerical experiments it was found that
the formation of shoots influenced by soil moisture
is most pronounced at the stage of absorption and
accumulation of moisture from seed sowing to start
of growth process while the main role during whole
considered period belongs to soil temperature. The
high sensitivity of coleoptile elongation rate to soil
density was discovered as well.

3. Under optimal conditions of surrounding
soil environment seeds already afoot within 2
days, under a lack of moisture during this period is
extended up to 3 days. With decreasing temperature
the moisture accumulation is also slowing down and
may last up to 3-5 days, but on the background of
insufficient moisture may reach even 7 days.

4. In the conditions of maintaining optimum
soil environment the limiting factor for germination
is soil density. Thus under minimum value of soil
density 0.8 g/cm® coleoptile can reach ground
surface at 5-th day after sowing, when under soil
density of 1.4 g/cm® shoots emerge only after 7
days. With soil temperature the seed germination
rate is also reduced. So at 18°C shoots will emerge
after 7-10 days and at 12°C at least after 16 days
after sowing.

REFERENCES

Aggarwal, PK., Kalra N., Chander S., Pathak H.,
2006. InfoCrop: A dynamic simulation model
for the assessment of crop yields, losses due
to pests, and environmental impact of agro-
ecosystems in tropical environments. |. Model
description. Agricultural Systems. N 89. P. 1-25.

Alekseychuk, G.N., 1999. Indutsirovanie steressous-
toychivosti rasteniy yachmenya pri prorastanii
semyan: avtoref. dis. kand. biol. nauk / G.N.
Alekseychuk. Minsk.

Alm, D.M., Stoller EW., Wax L.M., 1993. An Index Model
for Predicting Seed Germination and Emergence.
Weed Technology. Vol. 7. N 3. 560-569.

Antonenko, V.S., 2002. Dinamicheskoe modeliro-
vanie rosta, razvitia i formirovania produktivnosti
ozimoy pshenitsi. Kiev: «ArtEk». 64 s.

Bewley, D. J. and Black M., 1985. Seeds. Physiology
of Development and Germination. Springer US,
Plenum Press, New York, 1-27.

Chipanshi, A.C., Ripley E.A., Lawford R.G., 1997.
Early prediction of spring wheat yields in
Saskatchewan from current and historical weather
data using the CERES-Wheat model. Agricultural
and Forest Meteorology. N 84, 223-232.

Chirkov, Yu.l., 1969. Agrometeorologicheskie uslovia
i produktivnosty kukuruzi. L.: Gidrometizdat. 251 c.



e

de Jong, R., Best K.F., 1979. The effect of soil water
potential, temperature and seedling depth on
seedling emergence of wheat. Can. J. Soil Sci.
59, 259-264.

Debeaujon, I., Léon-Kloosterziel K. M., Koornneef M.,
2000. Influence of the testa on seed dormancy,
germination, and longevity in Arabidopsis. Plant
Physiology, N 122(2). 403-414.

Dmitrenko, V.P, 1961. Vliyanie temperaturi vozduha pa
prodolzhitelynosty perioda posev — vshodi zerovyh
kulytur. Trudi UkrNIGMI. Vyp. 22, 58-70.

Dmitrenko, V.P,, 2005. Printsipiizasobiviznachennya
potentsialu vrozhayu silysykogospodarsykih
kulytur za ekologo-geografichnimi zasadami //
Nauk. pr. UkrNDGMII. Vip. 254, 9-29.

Drozd, O.M., 2010. Matematichne modelyuvannya
urozhaynosti silysykogospodarsykih kulytur na
plantazhovanih solontsevih gruntah suhogo
stepu Ukraini. Naukovi pratsi Krimsykiy
agrotehnichniy universitet. Vip. 130. 222-225.

Fedoseev, A. P, 1968. Agrometeorologicheskie
uslovia formirovania vshodov yachmenya. Trudi
IEM, (4). 63-85.

Forcella, F., BenechArnold R.L., Sanchez R., Ghersa
C.M., 2000. Modeling seedling emergence.
Field Crops Research. N 67, 123—-1309.

Geslin, H., 1952. Contribution a I'etude du complex
heliothermique. Ann. Inst. Nat. Recherche Agro-
nomique, 321 — 326.

Jame, Y.W., Cutforth H.W., 2004. Simulating the
effects of temperature and seeding depth on
germination and emergence of spring wheat.
Agricultural and Forest Meteorology. N 124,
207-218.

Mushketova, O.V., KazakovaA.S.,2009.Pogloshtenie
vodi semenami yarovogo yachmenya na etape
fizicheskogo nabuhania. Vestnik agrarnogo Do-
na. Ne 1, 39-43.

Nastanova gidrometeorologichnim stantsiyam i
postam, 2007. Vip. 11. Agrometeorologichni
sposterezhennya. K.: Derzhgidrometsluzhba.

Nemchenko, O.A., Musatenko L.I., 1982. Modeli-
rovanie rosta i metabolizma rasteniy na rannih
etapah organogeneza. Fiziologia i biohimia
kulyturnih rasteniy. T.14. Ne 5, 439-445.

Nosatovskiy, A.l., 1950. Pshenitsa. M.: Gosudarstve-
nnoe izd-vo s.-h. literaturi. 408 p.

Palosuo, T., Kersebaum K.C., Angulo C., Hlavinka
P., Moriondo M., Olesen J. E., Rétter R., 2011.
Simulation of winter wheat yield and its variability
in different climates of Europe: A comparison of
eight crop growth models. Europ. J. Agronomy.
N 35, 103-114.

AepapeH yHusepcumem - [1rnosous

APAPHU HAYKW  [oduHa VI

77

bpou 15 2014

Pavlova, V.N., 1983. Modelirovanie rostovih
protsessov v period prorastania zerna v ramkah
modeley «pogoda — urozhay». Trudi VNIISHM.
Vip. 8, 28-36.

Polevoy, A.N., Sinitsina V.V., 2013. Modelirovanie
razvitia zernovih kulytur na rannih etapah
ontogeneza i formirovania vshodov. Problemi
ekologii (In press).

Polevoy, V. V. 1989. Fiziologia rasteniy. M.: Vissh.
shk. T. 16, 464 s.

Poluektov, R.A., Smolyar E.I., Terleev V.V., Topazh
A.G., 2006. Modelirovanie produktsionnogo pro-
tsessa selyskohozyaystvennih kulytur. S-Pb.:
Izd-vo S.-Pb. universiteta, 396 s.

Polyoviy, A.M., 2008. Dinamichna modely proros-
tannyanasinnyataformuvannya shodiv zernovih
kulytur.  Ukrainsykiy  gidrometeorologichniy
zhurnal. Ne 3, 75-84.

Rubin, B.A. Fiziologia kukuruziirisa. 1969. Fiziologia
s.-h. rasteniy, t. 5. M.: izd-vo MGU. Pod red. Ru-
bin, B. A, 416 s.

Rudenko, A.l, 1950. Opredelenie faz razvitia se-
lyskohozyaystvennih rasteniy. M.: Izdatelystvo
Moskovskogo obshtestva ispitateley prirodi, 151 s.

Seefeldta ,S.S., Kidwellb K.K., Wallerc J.E., 2002.
Base growth temperatures, germination rates
and growth response of contemporary spring
wheat (Triticum aestivum L.) cultivars from the
US Pacific Northwest. Field Crops Research, N
75, 47-52.

Sirotenko, O.D., 1981. Matematicheskoe modeliro-
vanie vodno-teplovogo rezhima i produktivnosti
agroekosistemi. L.: Gidrometizdat, 167 s.

Smilovenko, A.A.,2004. Semenovodstvo s osnovami
selektsii polevih kulytur: ucheb. posobie / A.A.
Smilovenko. M.: IKTs «MarT», 240 s.

Stroganova, M.A., Korovin A.l., Polevoy A.N.,
1983. Dinamicheskaya modely rashodovania
zapasov endosperma semyan zernovih kulytur
v protsesse prorastania i v period do poyavlenia
vshodov. Selyskohozyaystvennaya biologia. Ne
1, 126-135.

Tretyyakov, N.N., Koshkin E.I., MakrushinN.M., 1998.
Fiziologia i biohimia selyskohozyaystvennih
rasteniy. M.: Kolos, 640 s.

Ulanova, E.S., 1958. Metodiagrometeorologicheskih
prognozov. L.: Gidrometeoizdat, 280 s.

Ventskevich, G.Z., 1958. Agrometeorologia. L.: Gid-
rometeoizdat, 376 s.

Cmamuema e npuema Ha 24.09.2013 e.
PeueHseHm - doy. 0-p KanuHka Kyamoea
E-mail: kalinka_kuzmova@abv.bg



