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Peslome

CraTusita JaBa TEOPETUYHO OMUCaHWE Ha OUHAMUYHWUTE (hakTopu, KOMTO BIUSAT BbPXY pactexa u
pasBUTMETO Ha 3MMHaTa MilueHuLa Npe3 eCeHHUsi BeretTaunoHeH nepuod. MogoenbT ce ocHoBaBa Ha arpo-
METEOPOIIOMMYHUTE YCINOBUS, KOMTO Bb34ENCTBaT Ha pacTexa, pasBMTUETO U pekonTaTa OT 3UMHa MeHuLa.
EceHHUAT BeretaumMoHeH nepuon e cpen Han-BakHUTe nepuoau, Tbi KaTo TOW onpeaens HUBOTO Ha MOAro-
TOBKa Ha pacTeHusiTa 3a 3MMHUS1 Nepuog 1 TxXHaTa CnocobHOCT Aa yCcTosiBaT HAa HUCKM Temnepatypu. Taka
TOW cnomMara 3a nosflydaBaHe Ha Nno-Bucoka pekornTta. PaspaboTkaTa Ha Mofena ce OCHOBaBa Ha [Ba nogxoaa:
NbPBUAT € TPaAULMOHHOTO onMcaHMe Ha MeTeoPOrorMyHN hakTopu, KaTo ce B3emar nog BHUMaHWe Bb3aen-
CTBMETO Ha TeMneparypara v BanexuTe BbpXy pasBUTUETO Ha 3UMHAaTa nweHuua. BtopuaT nogxon npegocta-
BSI KONMMYECTBEHA XapaKTepuUcTMka Ha eCeHHUst Nepuop 3a Beretauus Ha 3aMMHaTa MileHuLa, KOWTO BKNoYBa
pacTexbT Ha HaA3eMHUTE U NOA3EMHUTE YacTu OT pacTeHUETO, KakTo 1 obpaldyBaHeTo Ha GpaTts. Habniogasa
Ce CbLUECTBEHO NpeHapexaaHe Ha CTpykTypaTa, hn3nMKo-XMMUYHMUTE CBOMCTBA Ha npoTonnasmara, ouanorno-
TMYHUTE N DMOXMMUYHUTE MPOLECH, YMATO LIeN e npucrnocobsiBaHe KbM pe3KUTe NPOMEHM B OKONHaTa cpeaa u
NOAABPXKAHETO HA XKU3HEHO BaXKHW OYHKLMKN MpU pacTuTenHute opraHnamu. C apyru gymu, obpasyBaHeTo Ha
31MMHa YCTOMYMBOCT M NPEMMHABAHETO Ha ABeTe hasn Ha 3aKansiBaHe.

Pe3tome

B pnaHHOM cTaTbe NpUBOAUTCS TEOPETUYECKOE OnncaHne AUHAMUYECKON MOAENU BIIUSIHNUSA OCHOBHbIX
hakTopOB cpeabl Ha NpoLEecChl pocTa 1 pasBUTUS O3MMOM MNLLEHULbI B OCEHHU nepuoa Beretaumn. Paspa-
00TKa MOAenu oCcHoBaHa Ha MOAENM BAUSIHUSA arpoMeTeopOoriorMyecknx yCrioBun Ha pocT, pa3sutmue u gop-
MUPOBaHME ypoxasa 03umon nweHuubl. OCeHHMI nepuopg Beretauum 3T0 OOAUH U3 rNaBHEWLINX NepuoaoB,
NOCKOSbKY MMEHHO OH onpefensieT cTeneHb NoAroTOBKU PACTEHUA K 3UMHEMY nepuoy U UX BO3MOXHOCTb
NPOTMBOCTOATb ENCTBUIO HU3KUX TeMnepaTyp 1, COOTBETCTBEHHO, 3aKnaablBaeT OCHOBY A1 NOMy4YeHUs Bbl-
COKMX ypoBHen ypoxas. [Ina paspaboTkm cybmMogenn xapakTtepHbl ABa noaxoaa. lNepBbii nogxon xapakre-
peH onMcaHnem rmgpomMeTeopoiorM4eckmx pakTopos, B KOTOPbIX YYMTbLIBAETCH, MaBHbIM 06pa3oM, BriMsHUeE
TeMmnepaTypbl 1 0OCaAKOB Ha pasBuUTME O3UMON MileHuubl. Bropon noaxoa npegycmatpyBaeT KONUYECTBEH-
HOe onucaHve nepuoga OCEHHEN BereTaumm pacTeHMn O3UMMON MLUEHMLbI, KOTOPbLIA BKOYaeT B ceba pocT
Hag3eMHOW U NOA3EMHONM YaCTu pacTeHUN U NpoLecchl KyLeHus. NponcxoguT cyllecTBEHHasa nepecTponka
CTPYKTYpbl, hU3NKO-XUMUYECKNX CBOWCTB NPOTOMNIa3mbl, (PU3MONOrMYECKUX U BUOXMMNYECKUX NPOLLECCOB,
HanpaereHHbIX Ha BbIpaboTKy NpUCNOCOBUTENBHbBIX peakuuin Kk HebnaronpuaTHbiM chakTopam cpefbl 1 noa-
OepXaHust XnsHegesaTenbHOCTU opraHu3Ma, TO eCTb (POPMUPOBAHUSA 3MMOCTONKOCTU U NPOXOXAEHUA OBYX
da3 3akanmBaHus.

Abstract
This article provides a theoretical description of the dynamic model of influence of the main factors on
the growth and development of winter wheat in the period of autumn vegetation. The development of the model
is based on a model of the influence of the agrometeorological conditions on the growth, development and
yield formation of winter wheat. The period of autumn vegetation is one of the most important periods, because
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it determines the level of plant preparation for the winter period and their ability to withstand low temperatures
and thus provides a basis for obtaining high levels of crop yield. The development of the model is character-
ized by two approaches. The first approach is traditional description of the meteorological factors, which takes
into account the impact of temperature and precipitation on the development of winter wheat. The second
approach provides a quantitative description of the period of the autumn growing season of winter wheat,
which involves the growth of the aboveground and underground plant parts and tillering processes. There is
a substantial rearrangement of the structure, physicochemical properties of the protoplasm, physiological and
biochemical processes aimed at developing adaptive responses to the environmental stress and maintaining
the vital functions of the plants organism, in other words, the gain of winter hardiness and the passing of two
hardening phases.

KnrouoBu gymu: anmHa nweHuua (Triticum aestivum L.), eceHHa BereTaums, acumunaTtu, 3akanssaHe.

KnroueBble cnoBa: o3umas nwenuua (Triticum aestivum L.), oceHHun nepuopg BeretaLumm, accumun-
NSAHTHI, 3aKanka.

Key words: winter wheat (Triticum aestivum L.), autumn vegetation, assimilates, hardening.

INTRODUCTION in which Py.- photosynthetic rate of i-th organ
Lifecycle of winter wheat is divided into under optimal conditions of heat and moisture availability
severalimportantstages which significantly differfrom and real lighting conditions, mg CO,*dm#*h”;
each other on the influence of agrometeorological Fmax - photosynthetic rate of i-th organ under
conditions, biological processes and the type of the light saturation and normal concentration of CO,,
plant’s metabolism. One of such stage is the period mg CO,*dm#*h,
of autumn vegetation, which is characterized by the 2p; - the initial tilt of the light curve of
tillering process, the formation of winter hardening photosynthesis, mg CO,*dm#*h™" /(W*m?2);
and frost resistance, metabolism restructuring 1 - the intensity of PAR, W*m?;
and passing of two phases of hardening, which I, s — leafs, stems;
determines a favorable overwintering and the j - day number of the calculated period.
formation of crops harvest, so attempts to simulate Usingthe equation (1) calculation of the rate of
the period of autumn vegetation of the winter wheat photosynthesis in biologically optimal environmental
were made. conditions is carried out. To determine the rate of
photosynthesis in the real conditions should take
MODEL DISCRIPTION into account the impact of external factors and the
The emergence of the first embryonic leaf phases of plant growth, therefore, in light of the
from the coleoptile covering indicates the beginning foregoing, the equation (1) takes the following form:
of one of the most important processes in the . R
ontogenesis of plants — the germination process. After B = Fy o, Yy, (2)
the first leaf unrolling over the soil surface that grew o
from the first embryonic leaf, the young germination in which F, - the photosynthesis rate in the
seedling goes on the independent plant nutrition real environment, mg CO,*dm2*h";
(Dolgiy-Trach et al., 1990; Moyseychik, 1975; Orlyuk &, - ontogenetic curve of photosynthesis;
and Goncharova, 2002; Polevoy, 2007). ¥y ¥y - the influence functions of temperature
First of all, modelling of the period of autumn and soil moisture respectively.
vegetation of the winter wheat involves a quantitative In dynamic models, designed for the solving
description of the photosynthesis, respiration and of applied problems is preferable to calculate the
growth processes. Photosynthesis is a basic process rate of photosynthesis organ to the relative area of
of organic compounds formation in plant cells. In the assimilating surface for the daylight (Polevoy, 1988;
description of the photosynthesis process any of 2007): . Lo
plants photosynthetic organs the Monsey and Saeki P = EP.‘,_‘.IL_L'ETé . (3)
equation were taken as a basis (Reynolds and Tornli,
1982): in which £ — the photosynthetic rate i-th or-

gan, g*m?2day™;
. ) ¢ - the coefficient for recalculation to the dry
P, = Pmax; O : i=1s, (1) solid matter units, g*mg” CO,;
@p; 1! +Fmax L; - the relative area of assimilating surface
of the i-th organ; m*m2;

80



e

AepapeH yHusepcumem - [1rnosous

Tz — the duration of daylight, h.

Part of the assimilated carbon during
photosynthesis is spent on plant respiration,
including the breathing growth and breathing support
structures:

5= O (cyM + coF),

(4)

in which
g*m? day;

Bz - the ontogenetic curve of breathing;

c,C, the coefficients of breathing
expenditure for maintaining the structures and
growth;

M — plants mass, g* m2.

In the description of the rate of change of the
dry biomass of individual organs on the basis of the
proposed the growth equation by Ross (1975) and
taking into account the modifications by Galyamina
and Tooming (1984) adopted the following equation
(Polevoy, 1988):

— the breathing expenditure,

. ] i |
1_cEl_le.¢J,L.!+L"£ij

1+C'-_'i

J o
g; B

i
dm _ _
1+ E'-"i

: ®)

dt

in which d—r:‘- the growth rate of i-th vegetati-
ve organ, g“m2day™;

1, — the functioning biomass of i-th vegetati-
ve organ, g‘m%;

B,- the growth function of vegetative period;

v, — the growth function of reproductive
period, °C-.

When the first green leaf appears the
second and third embryonic leaves appear too.
Under sufficient moistening the growth of the first
and second pairs of embryonic roots is continued,
coleoptile roots are appeared, i.e. the primary root
system is formed.

At the same time, the part of the stem the
former embryonic shoot turns into the tillering node
of the main (parent) shoot. Tillering phase of the
main shoot of wheat begins from the appearance
under the soil surface of the first side shoot. The
process of shoot formation and tillering occurs almost
simultaneously. Side shoots of the1st order form
shoots 2nd order and shoots 2nd order form shoots
the 3rd, etc. With the coming of tillering phase the
secondary (nodal) roots are developed, growing out
from the tillering nodes of the main shoot, and then
from the side shoots (Orlyuk and Goncharova, 2002;
Satorre Emilio et al., 1999).

Water and air regimes of the soil, the level
of mineral nutrition significantly affect the tillering
rate. Formation of the side tillering shoots require
the necessary amount of effective temperatures,
total solar radiation and must be provided reserve of
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nutrients that necessary for the development of the
main and side shoots of the first order. Consequently,
the equation of the rate of formation of side tillering

shoots is:
rgr = NI2* « FTKT » FWKJ

s _
de

(6)

when Wy_go > WiTHy: ET.r = LTS

0, when Wy_zo < WS LT, < TTL

ANees

de

in which 2= - the formation rate of the side
tillering shoots;
vze=- the maximum possible quantity of shoots
in given conditions;
FTK, FWK—the influence functions of tempe-
rature and moisture content on the side shoots rate;
wits; — the critical moisture content in the
topsoil in which the tillering doesn’t occur, mm;
ITy- the required amount of effective
temperatures for the tillering start, °C;
rgr - relative growth rate of the side shoots.
The maximum possible quantity of shoots
in given conditions, which will be provided with
assimilates is determined by the formula:

Tes
dmp oo fde

DX 4
GS s

max —
‘n"rS ts

(7)
in which NJi7* - the maximum possible quan-
tity of shoots, in given conditions;

%— the assimilates reserve remaining af-
ter the needs of the main shoot.

The reserve of assimilates count as diffe-
rence between the amount of assimilates directed
to overground part of the plant and the amount of
assimilates received by the main shoot:

res
dmgee _

de
dmy,

dm:*g Ay, -
dt de ’

Ay

in which = 7 — the biomass buildup
of the overground part of the plant and the main
shoot respectively, g/m?*day;

GITE* — the maximum possible the biomass
buildup of side shoots in given conditions is

determined as:

(8)

max
G.S ts

= Mg G FTKT » FWKJ, (9)

in which M::: — the biomass of side shoots,
g/m?;

G25% — the absolute relative biomass buildup
of side shoots, g/m?*day.

The biomass of main shoot is determined
as:

Mpye = FRGL; » (m; +m,) , (10)

in which FRGL. — the distribution function of
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overground biomass in the main shoot;
m;, m; — the biomass of leaves and stems,
respectively, g/m?2.

Accordingly, the biomass of side shoots is
calculated as:

Mgs = (1 — FRGL;) = (m; + my), (11)

Dynamics of overground and underground

biomass of winter wheat plants described by next
equations (Curry, 1971; Reynolds and Thornley,
dmgy

1982): .
dt (PJ - EJ Yog:
E?T..“ug _

;  dnm
dat _(PJ _ij(l_'}’ogl

. . dfMgy 4m ug . .

in which e the biomass buildup

of the overground and underground parts of plants,
respectively, g/m? * day;

¥z — the growth function of the overground
plant parts.

Buildup of the overground mass is distributed
initially to the main shoot, then to the side shoots of
the 1st, 2nd and subsequent orders:

(12)
(13)

difigms . e
dt e dt °’ (14)
diMigery dMag i s 15
———— i ES — e, —
dt stel { dt dt )1 ( )
AMcren =y . (Em%’ _ S s _ Zr_’!—idm:r:[) (16)
de . dt dt : de /!
. . Mepey  GfMgery  GMigpen .
inwhich ==, =5~ , 4 —the biomass

buildup of side shoots 1 st, i-th, n-th orders, g/m? * day;
¥z, ¥ees1» Yeren — the distribution function of

assimilates for the main and side shoots.
Assimilating surface area is described by

the equation: amd

Lt =i 4 : 17)

in which 1.i+1— the relative leaf area, m?m?;

4am; — the buildup of the dry biomass of lea-
ves, g/m?;

0 - the specific surface density of the leaves, g/m?.

The flow of nutrients to the underground part
of the plant is directed to the formation of primary,
secondary root systems and the tillering node:

amgy _ g (18)
ar ¥ri ar
difipy " Ay g (19)
dt ¥r2 dt ’
dmy . amy g
dt = ¥m* dr (20)

. .4 L My . .
in which —:“r” ,—d:“r“,—d- £ the biomass buildup
4
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of the primary, secondary root systems and the
tillering node, respectively, g/m?*day;

¥r1, ¥rz, ¥en — the growth function of prima-
ry, secondary root systems and the tillering node,
respectively.

In the second half of autumn the decline of
the average daily air temperature causes inhibition
of growth processes. Due to the lack of heat plants
grow poorly, and the resulting excess products
of photosynthesis that is not used for growth
processes, leading to the formation of sugars in the
overground parts and tillering nodes that perform
the function as protective substances that ensuring
the preparation of plants for the winter, that is,
the process of hardening of plants is took place.
The process of hardening occurs in two phases:
a favorable conditions for the passage of the first
phase of hardening created on sunny clear days and
high daily temperature amplitude (+5 ... +10°C at
daytime, +2 ... +3°C at night), and the second phase
begins after the transition temperature air through
0°C towards the negative temperatures (Guy et al.,
2008; Major et al., 2010; Tumanov, 1979).

Changing of the mechanism of distribution
of assimilates between the continuing growth
retardation by plant organs and creating a reserve
of assimilates, which is converted into sugars, after
a steady transition of air temperature through 6°C is
simulated. The quantity of products of photosynthesis
is compared with the maximum possible amount of
buildup of overground and underground biomass of
plants that are defined similarly to above mentioned
equation (Polevoy, 2007). The biomass buildup of
the overground and underground parts of plants is
determined as:

max .. i max max
dmag GDQ ,when P/ = Ggg + Gug (21 )
= Gog: ) ;. dR f
— 28 g ; max max’
& (sS;‘;%%“J" PP == when PT < Gog™ + Gyg
max ... i max max
my Gyg wwhen P/ = Gog™ + Gy 22
drs = 5&‘[&“ pi dRug h pi Gmax 4 omax’ ( )
IR + G T T wnen < Gog + Cug

The excess of photosynthesis products is
defined as the difference:
% =d pi_ (GRax 4 Gax
Myrgs
in which ~z; - the reserve of photosyn-
thesis products, which is formed after the needs in
assimilates of underground and overground parts of
the plants, g*m2.
The concentration of the occurring reserve
products of photosynthesis is determined as the ratio:

(23)
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Mres
mc. = —
res M ’

(24)

in which M£re: — the concentration of excess
products of photosynthesis in plants;
M — the mass of plant, g*m2.

CONCLUSIONS

The model of the period of autumn vege-
tation of the winter wheat includes the modeling of
the processes of photosynthesis and respiration of
plants, described the formation of overground part
of plants, which includes the formation of the main
shoot and side shoots of the 1st, i-th, n-th orders and
the dynamics of leaf area. Also, the flow of nutrients
is directed into the formation of underground part
of the plants, namely, into primary, secondary root
systems and tillering node.

The equations of the formation of reserves
of the photosynthesis products of plants, which
are formed when the growth processes of plants
is declined, and after satisfying of the needs in
assimilates of overground and underground parts of
plants is described.
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