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CONSTRUCTION OF MULTIPLE REGRESSIVE MODELS OF

SUGAR BEET GROWTH AND DEVELOPMENT

The results of multiple regression models construction of beet sugar growth and
development are presented. According to the results of researches on the characteristics of yield
formation and sugar beet root crop quality, depending on the length of the growing season, it
were developed the mathematical models of culture growth and development. In the analysis
high coefficients of multiple regression (0,58-0,84) and coefficients of determination (0,33-0,71)
were obtained, indicating that the dependence of the mass of roots and leaves of the sum of
active temperatures, precipitation and hydrothermal coefficient and with high degree of accuracy
allows to predict the parameters of these indicators of sugar beet plants.

Keywords: sugar beet, growth and development processes, multiple regression models,
climatic factors.

Problem statement. The most prominent features of crops, particularly
sugar beet field — is the large number of heterogeneous elements with difficult
functional relationships that need to be merged into agro-industrial process aimed
at obtaining high-quality agricultural products.

However, full realization of this task can be only under condition the
decision of tasks totality by individual elements of system process that is critical
for achieving this goal and are impossible fully without the use of mathematical
modeling exploring.

Analysis of recent research and publications. In plant systems modeling
foreshortening the main data matrix is a numerical expression of indicators of
biological processes, which is a function of additive action of abiotic, biotic and
anthropogenic factors to construct of computational algorithms mechanisms and
patterns of functioning plant sugar beet. Depending on the purpose of research and
practical tasks, G. Ryznichenko and A. Rubin [1] were proposed the following
classification of mathematical models: descriptive models; quality model (which
clarifies the dynamic mechanism investigated and able to reproduce the dynamic
effects in the behavior of the system); specific simulation models of complex
systems that take into account all the information about the object (and to predict
the behavior of systems or to solve optimization problems of operation).

Particular attention is paid to the simulation model as a practical matter; they
are the most suitable for solving management problems based on prognostic
evaluation of processes and phenomena that occur in agroecosystems. These
mathematical models can be used for simulation modelling, sugar beet growth and
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development forecasting and groundwork of database management of sugar beet
growing [2-8].

Research methodology. Experimental researches were conducted on the
experimental field of Bila Tserkva National Agrarian University during 2010-
2012. Technology of sugar beet growing on test plots was common for the forest-
steppes of Ukraine, except for the elements that were studied.

The parameters of multiple regression equations determining was used the
dates from the experiment for research the features of harvest formation and
qualities of sugar beet roots depending on the length of the growing season. The
task of this experiment was to determine the maximum-possible yield of plants that
will provide a significant increase of roots yield with high sugar content in the
conditions of right-bank forest-steppe of Ukraine.

The scheme of the experiment is included: factor A — biological form:
diploids, triploids; factor B — hybrid: Ukrainian ChS 72, Leopard, Zum, Umanskyy
ChS 97, Orix, Murray; factor C — length of the growing season — term of
harvesting: 30" September, 30" October, 10" November.

The square of sown area — 64.8 m?, accounting — 54.0 m? repetition —
quadruple. Variants placement in repetition is rendomizovane, repetition - in two
tier.

Analysis of the received experimental data and installation of parameters
regressive equations was performed according to standard methodologies with
using the Statistica program.

For modeling of sugar beet growth conducting we used multiple regression
equations which provide creation of a standard linear model of the form:

Y=agtaX;+ axXo+azXg+...... + anpXn,
where: ag, aj, ay, ..., a, - multiple regression equations parameters;
Xq, Xo, X3,. .., X, — factor’s signs
Adjusted regression equations can be described by the following formula:
Y =ag + a1 X1 + axXo.

Research results. Based on researches on influence of rainfall and the
amount of active air temperatures on the mass of sugar beet roots is established
that the coefficient of multiple regression is quite high (0.62), and coefficient of
determination is high (0.38), which shows how well the experimental data are
described real equation (Table. 1).

1. Parameters of multiple regression equations of sugar beet roots mass from
agro-ecological factors complex before harvesting

Index Signification
Multiple correlation coefficient (Multiple R) 0,62
Determination coefficient (Multiple R?) 0,39
Adjusted coefficient of determination (Adjusted R?) 0,38
F- criterion (2,93) 45,07
Probability of the null hypothesis for F- criterion 0,00
Standard error estimates (equation) 69,92
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Regression equation is determines the dependence of the mass of sugar beet
roots (MR) from the amount of precipitation in the previous month (P), the sum of
active temperatures (T) and GTC is: MC =541.17 + 1.22 T + 8.60 GTC - 3.81 P
was obtained by us. All coefficients of the equation are significant at the 5% level
(p-level <0,05). This equation explains 38% (R = 0,38) variation of the dependent
variable (Table. 2).

2. Results of regression analysis of the influence of complex agroecological
factors on the mass of sugar beet roots before harvesting

Coefficie Probabilit
coefficient| Standard nt of [Standard error - y of the
Index s of the error B- | regressio | of regression | . ~ . null
: - .. criterion .
equation | coefficient n coefficients hypothesi
equation S
Free member of 541,17 | 40,97 | 1321 | 0,00
equations
The sum of
active
temperatures | g 0,09 1,22 0,59 2,07 | 0,04
(the end
growing
season)
GTC (end of
growing 0,13 0,05 8,60 3,57 2,41 0,02
season)
Precipitation
(theend | 500 | 009 | -381 074 | 518 | 0,00
growing
season)

According to the results studying the influence of rainfall and the amount of
active air temperature on sugar beet leaf mass is established that the coefficient of
multiple regression is quite high (0.74), and a coefficient of determination is high
(0.55), which shows how well the experimental data are described by the real
equation (Tables. 3).
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3. Parameters of multiple regression equations of sugar beet leaves mass from
agro-ecological factors complex before harvesting

Index Signification
Multiple correlation coefficient (Multiple R) 0,74
Determination coefficient (Multiple R?) 0,55
Adjusted coefficient of determination (Adjusted R?) 0,55
F- criterion (2,93) 88,11
Probability of the null hypothesis for F- criterion 0,00
Standard error estimates (equation) 21,26

Thus, according to the determined parameters of the regression equation,
which determines the dependence of the mass of sugar beet leaves (ML) from the
amount of precipitation in the previous month (P), the sum of active temperatures
(T) and GTC becomes: ML = - 63.77 + T 249 - 446 P + 3.79 GTC. All
coefficients of the equation are significant at the 5% level (p-level <0,05). This
equation explains 55% (R2 = 0,55) variation of the dependent variable (Table. 4).

4. Results of regression analysis of the influence of complex agroecological
factors on the mass of sugar beet leaves before harvesting

Coefficie Probabilit
coefficient| Standard ntof | Standard error| t- | yofthe
Index s of the error B- |regressio | of regression [criterii null
equation | coefficient n coefficients | on [hypothesi
equation S
Free member of 6377 | 1246  |-512| 0,00
equations
The sum of
active
temperatures | 4 45 0,07 2.49 018  |1391] 0,00
(the end
growing
season)
GTC (end of
growing -0,19 0,05 -4,46 1,08 -4,11| 0,00
season)
Precipitation
(the end 1,14 0,07 3,49 022  |1558| 0,00
growing
season)

Research on the effects of rainfall and the amount of active air temperatures
on the mass of sugar beet leaves was established that coefficient of multiple
regression is quite high (0.82), and coefficient of determination is high (0.67),
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which shows how well the experimental data are described by the real equation
(Table. 5).
5. Parameters of multiple regression equations of sugar beet roots mass from
agro-ecological factors complex (01.09), g

Index Signification
Multiple correlation coefficient (Multiple R) 0,82
Determination coefficient (Multiple R?) 0,68
Adjusted coefficient of determination (Adjusted R?) 0,67
F- criterion (2,93) 223,42
Probability of the null hypothesis for F- criterion 0,00
Standard error estimates (equation) 40,56

According to the parameters of the regression equation, which determines
the dependence of the mass of sugar beet leaves (ML) from the amount of
precipitation in the previous month (P) and the sum of active temperatures (T)
becomes: ML = 735.14 + 0.86 P - 8.69 T. All coefficients of the equation are
significant at the 5% level (p-level <0,05). This equation explains 67% (R? = 0,67)
variation of the dependent variable (Table. 6).

6. Results of regression analysis of the influence of complex agroecological
factors on the mass of sugar beet leaves (01.09)

coefficient| Standard Coefficien Standard error | t- Probabilit
t of . .. | yofthe
Index s of the error [3- . of regression |criterio
: . regression g null
equation | coefficient . coefficients n .
equation hypothesis
Free member 73514 | 15813 | 465 | 0,00
of equations
Precipitation
(01.09), mm 0,42 0,11 0,86 0,22 3,92 0,00
Sum of
temperature | -0,42 0,11 -8,69 2,19 -3,97 0,00
(01.09), C

Based on the study the influence of rainfall and the sum of active air

temperatures on mass of sugar beet root crops was established that coefficient of
multiple regression is quite high (0.84), and coefficient of determination is high
(0.71), which shows how well the experimental data are described by the real
equation (Tables. 7).
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7. Parameters of multiple regression equations of sugar beet roots mass from

agro-ecological factors complex (01.08), g

Index Signification
Multiple correlation coefficient (Multiple R) 0,84
Determination coefficient (Multiple R?) 0,71
Adjusted coefficient of determination (Adjusted R?) 0,71
F- criterion (2,93) 262,39
Probability of the null hypothesis for F- criterion 0,00
Standard error estimates (equation) 46,41

Regression equation determines the dependence of the mass of sugar beet
roots (MR) from the amount of precipitation in the previous month (P) and the sum
of active temperatures (T): MR = 24999.51 + 0.89P - 38,22T is obtained by us. All
coefficients of the equation are significant at the 5% level (p-level <0,05). This
equation explains 71% (R2 = 0,71) variation of the dependent variable (Table. 8).

8. Results of regression analysis of the influence of complex agroecological

factors on the mass of sugar beet roots (01.08)

coefficients| Standard Coefficien Standard error | t- Probabilit
t of . .. .| yofthe
Index of the error - . of regression (criteri
: . regression .. null
equation | coefficient . coefficients | on .
equation hypothesis
Free member 2499951| 266256 |9,39| 0,00
of equations
Precipitation
(01.08), mm 0,29 0,06 0,89 0,20 459 0,00
Sum of
temperature -0,59 0,06 -358,78 38,22 -9,39| 0,00
(01.08), C

According to research and studying the influence of rainfall and the sum of
active air temperatures on the mass of sugar beet leaves is established that
coefficient of multiple regression is quite high (0.74), and coefficient of
determination is high (0.55), which shows how well the experimental data are

described real equation (Table. 9).

9. Parameters of multiple regression equations of sugar beet leaves mass from

agro-ecological factors complex (01.07), g

Index Signification
Multiple correlation coefficient (Multiple R) 0,74
Determination coefficient (Multiple R?) 0,55
Adjusted coefficient of determination (Adjusted R?) 0,55
F- criterion (2,93) 130,05
Probability of the null hypothesis for F- criterion 0,00
Standard error estimates (equation) 20,66
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Thus, according to determined parameters of the regression equation, which
determines the dependence of the mass of sugar beet leaves (ML), amount of
precipitation in the previous month (P) and the sum of active temperatures (T)
becomes: ML = - 309.27 - 0.18 P + 6.90 T. All the coefficients of the equation are
significant at the 5% level (p-level <0,05). This equation explains 55% (R? = 0,55)
variation of the dependent variable (Table. 10).

10. Results of regression analysis of the influence of complex agroecological
factors on the mass of sugar beet leaves (01.07)

coefficient| Standard Coefficien Standard error Probability
t of : t-
Index s of the error [3- . ofregression| . . | ofthe null
: ! regression g criterion :
equation | coefficient coefficients hypothesis

equation

Free member

: -309,27 25,45 -12,15 0,00
of equations

Precipitation

(01.07), mm -0,18 0,05 -0,18 0,05 -3,90 0,00
Sum of
temperature 0,77 0,05 6,90 0,43 16,13 0,00
(01.07), C

According to the results studying the influence of rainfall and the sum of
active air temperatures on the mass of sugar beet root is established that coefficient
of multiple regression is quite high (0.58), and a coefficient of determination is
high (0.33), which shows how well the experimental data are described by the real
equation (Table. 11).

11. Parameters of multiple regression equations of sugar beet roots mass from
agro-ecological factors complex (01.07), g

Index Signification
Multiple correlation coefficient (Multiple R) 0,58
Determination coefficient (Multiple R?) 0,34
Adjusted coefficient of determination (Adjusted R?) 0,33
F- criterion (2,93) 54,52
Probability of the null hypothesis for F- criterion 0,00
Standard error estimates (equation) 15,93

Thus is received the following regression equation determines the
dependence of the mass of sugar beet roots (MR) from the amount of precipitation
in the previous month (P) and the sum of active temperatures (T): = MR - 150.12 -
0.13 P + 3.42 T. All the coefficients of the equation are significant at the 5% level
(p-level <0,05). This equation explains 33% (R2 = 0,33) variation of the dependent
variable (Table. 12).



81

12. Results of regression analysis of the influence of complex agroecological
factors on the mass of sugar beet roots (01.07)

coefficient| Standard Coefficien Standard error Probability
t of . t-
Index softhe | error B- .| ofregression | . " . of the null
: .= Iregression g criterion :
equation |coefficient . coefficients hypothesis
equation
Free member 150,12 | 19,61 765 | 0,00
of equations
Precipitation
(01.07), mm -0,22 0,06 -0,13 0,04 -3,80 0,00
Sum of
temperature 0,60 0,06 3,42 0,33 10,37 0,00
(01.07), C

Conclusions. During the correlation and regression analysis of the multiple
regression coefficients within 0,58-0,84 and also coefficients of determination
(0,33-0,71), that indicating that the availability of relationship between the studied
features. We obtained the mathematical models that describe quite well the
dependence of the mass of roots and leaves, the sum of active temperatures,
precipitation and hydrothermal coefficient and allow a high degree of accuracy to
predict the parameters of these indicators of sugar beet plants.
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JI. M. Kapnyk, kana. c.-T. HayK, JOLUEHT

BinouepkiBChbKHil HAIlIOHANBHUN arpapHUii yHIBEPCUTET

(bima LlepkBa, Ykpaina)

O. L. IIpHCSIZKHIOK, KaH]I. C.-T. HayK, CTapll. HAayK. CIIBPOOITHUK
[HCTHTYT Ol0CHEPreTHUHUX KYIABTYp 1 IyKpoBUX OypsikiB HAAH
(Kuis, Ykpaina)

IloOyaoBa MHO:KMHHHX perpeciiiHuX MojeJeil pocTy Ta PO3BUTKY POCJIUH OypsiKiB
HYKPOBHX

[IpencraBneno pes3ynpTatd MOOYJOBH MHOXXMHHHMX pETpPeciiHUX Mojeneld pocty i
pPO3BUTKY OYpSIKIB IYKPOBUX. 3a pe3ysibTaTaMH JOCIIIDKCHb OCOONUBOCTEH (QOpMyBaHHS
BpPO’Kal0 1 SIKOCT1 KOPEHEIUIOAIB OYpsKIB IYKPOBHMX 3aJIEKHO BiJ TPUBAJIOCTI BEreTalilfHOTO
nepiony Oyno po3poOiieHO MaTeMaTH4HI MOJIEN1 POCTY 1 PO3BUTKY KYJIbTYpHU. Y XOJ1 aHali3y
OTPUMAaHO BHCOKI KoedilieHTH MHOXUHHOI perpecii (0,58-0,84), a Takox KoedimieHTH
netrepminariii (0,33—0,71), 1o CBITYUTH MPO 3aJIEKHICTH MACH KOPEHETUTOIIB 1 IUCTKIB BiJ CyMH
aKTUBHUX TEMIIEpaTyp, OMaJiB Ta T1IPOTEPMIUHOIO KOedillieHTa 1 JalOTh 3MOTY 3 BHCOKHM
PIBHEM TOYHOCTI CIIPOTHO3YBAaTH MapaMeTPH WX MOKA3HUKIB POCITUH OYypSKIB IIyKPOBHX.

KurouoBi cioBa: 11ykpoBi Oypsikd, IpOLIECH POCTY 1 PO3BUTKY, MHOXKMHHI perpeciiii
MOJI€JI1, KIIIMAaTHYH1 YUHHUKH.

JI. M. Kapnyk, kaHj. c.-T. HayK, JOUEHT

benonepkoBcknii HAMOHAIBHBIN arpapHbI YHUBEPCUTET

(benas LlepkoBb, YkpanHa)

O. U. IlpucstokHIOK, KaHA. C.-T. HAYK, CTaplll. Hay4. COTPYJHUK
HNucTuTyT OMOSHEpPTreTUUeCKNX KyIbTyp U caxapHoii cBexisl HAAH
(Kues, Ykpanna)

ITocTpoeHne MHOXKeCTBEHHBIX PerpecCHOHHBIX Mo/IeJiel POCTa M Pa3BUTHS PaCTEeHUI
CBEKJIbI CaXapHoil

[IpencraBneHpl pe3yibTaThl TOCTPOCHUS MHOMKECTBEHHBIX PETPECCHOHHBIX MOJIEen
pocta M pa3BHTUsI caxapHOW cCBekibl. [lo pe3ynbraTaM HCCIEIOBAaHUA O0COOCHHOCTEH
dbopMupoBaHHsS ypoXkas W KadyecTBa KOPHEIUIOJOB CaXapHOW CBEKJIbl B 3aBHCUMOCTH OT
MPOJIOJDKUTEIFHOCTH BET€TAllMOHHOTO Teprosia ObUTH pa3paboTaHbl MaTEMAaTUYECKUE MOJCITU
pocta M pa3BUTUS KyJIbTypbl. B Xoze aHamu3a TMOJy4eHBbl BBICOKHME KOA(DPHUIIMECHTHI
MHokecTBeHHOM perpeccun (0,58-0,84), a takke xodhdunuentsr aerepmunanuu (0,33-0,71),
YTO CBUJCTEIBCTBYET O 3aBUCUMOCTH MAacChl KOPHEIUIOJOB W JIMCTHEB OT CYMMBI aKTHBHBIX
TeMIepaTyp, 0CaIKOB U THAPOTEPMUIECKOTO KOI(D(MHUIIMEHTA U TTO3BOJISET C BBICOKOW CTETICHBIO
TOYHOCTH CIIPOIHO3UPOBATH MapaMETPhl TAHHBIX TIOKa3aTeJIel paCTCHUI CaxapHOW CBEKJIBI.
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