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ABSTRACT

The results of the study devoted to the evaluation of reliability of the multiple linear regression model for safflower
seed yields prediction were presented. Regression model reliability was assessed by the direct comparison of the
modeled yields values with the true ones, which were obtained in the field trials with safflower during 2010-2012.
The trials were dedicated to study of the effect of various cultivation technology treatments on the safflower seed
productivity at the irrigated lands of the South of Ukraine. The agrotechnological factors, which were investigated
in the experiments, include: A — soil tillage: A1 — disking at the depth of 14-16 cm; A2 — plowing at the depth
of 20-22 cm; B — time of sowing: B1 — 3™ decade of March; B2 — 2™ decade of April; B3 — 3™ decade of April;
C — inter-row spacing: C1 — 30 cm; C2- 45 cm; C3 — 60 cm; D — mineral fertilizers dose: D1 — NoPg; D2 — N3oPs;
D3 — NgoPgo; D4 — NooPoo. Regression analysis allowed us to create a model of the crop productivity, which looks
as follows: Y =-1.3639 + 0.0213X,+ 0.0017X,— 0.0121X;+ 0.0045X,, where: Y is safflower seed yields, t ha';
X, — soil tillage depth, cm; X, — sum of the positive temperatures above 10°C; X; — inter-row spacing, cm; X, —
mineral fertilizers dose, kg ha'. A direct comparison of the modeled safflower seed yield values with the true ones
showed a very slight inaccuracy of the developed model. The maximum amplitude of the residuals averaged to
0.27 tha''. Therefore, we conclude that multiple linear regression analysis can be successfully used in purposes of
agricultural modeling.
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INTRODUCTION

Mathematical modeling is a widely used
practice in almost all branches of modern sci-
ence. One of the most popular mathematical
methods of statistical analysis and development
of simple models is linear regression, which
finds application in solving diverse practical and
theoretical tasks [Kutner et al. 2004; Neter et al.
1996]. Agricultural science is not an exception,
and linear regression models are also successful-
ly used for satisfying the needs in statistical data
evaluation and forecasting [Mead 2017]. How-
ever, linear regression is nowadays considered
to be an out-of-date and insufficiently accurate

method of modeling the natural processes [Lyk-
hovyd 2018]. Most scientists tend to use more
modern and complicated methods of non-linear
and spatial statistics, for example, artificial neu-
ral networks, multiple non-linear fuzzy regres-
sion analysis with improved calculations algo-
rithm, etc. [Cheng, Lee 2001; Cross et al. 1995;
Gelfand et al. 2010]. However, we should take
into account that the above-mentioned methods
often may not be available and understandable
for everyone. Therefore, we decided to prove the
efficiency of the linear regression analysis use in
agricultural science on the example of modeling
safflower seed productivity in dependence on
the crop cultivation technology.
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MATERIALS AND METHODS

Methodology of the field trials conduction

The field trials devoted to the investigation
of safflower productivity in dependence on the
cultivation technology treatments were carried
out in the period from 2010 to 2012 at the experi-
mental field of the Institute of Rice of the National
Academy of Agrarian Sciences of Ukraine. The
coordinates of the experimental field are: latitude
46°08'34"N, longitude 32°57'15"E, altitude is 8 m.
The trials were carried out in accordance to the
common recommendations on scientific work in
agronomy [Ushkarenko et al. 2016] in four repli-
cations by using the randomized split plot design
method. The study was devoted to the investiga-
tion of cultivation technology treatments on the
safflower seed productivity, including:

e A — soil tillage: A1 — disking at the depth
of 14-16 cm; A2 — plowing at the depth of
20-22 cm;

e B —time of sowing: Bl — 3" decade of March;
B2 — 2" decade of April; B3 — 3 decade of
April;

e C—inter-row spacing: C1 —30 cm; C2—45 cm;
C3-60cm;

e D — mineral fertilizers dose: D1 — NPy;
D2 — N3yP30; D3 — NgoPso; D4 — NogPy.

The cultivation technology of the crop was
common for the irrigated conditions of the South
of Ukraine excepting the studied factors. The pre-
vious crop was winter barley. Primary soil tillage
was performed in accordance to the experimental
design. Safflower cultivar Soniachnyi was sown
by means of a seed drill at the depth of 5-6 cm.
The inter-row spacing width was set according
to the design of the trials. The crops were rolled
instantly after sowing. Harrowing was performed
before the sprouting stage of the crop, and then
it was repeated at the stage of 2 leaves of the
crop. Two inter-row cultivations were carried out
on the plots with wide (60 c¢cm) inter-row spac-
ing. The irrigation of safflower in the trials was
performed by using the frontal irrigation machine
by maintaining the soil moisture at 75-80% level
of the field water-holding capacity. The safflower
seed yields were harvested by means of a self-
propelled combine harvester “Sampo-130”. The
yields volumes were recorded at the standard
moisture content in the seeds.

The climate of the zone, where the trials were
carried out, is a coastal moderately continental
one. It experiences a great influence of the nearly
situated Black Sea. The weather conditions and
meteorological indices were fixed at the local
meteorological station installed directly on the
experimental field of the Institute. The years of
the study were characterized as follows: 2010 —
extremely wet, 2011 — moderately dry, 2012 — ex-
tremely dry. The weather conditions during the
studied period are represented in the Table 1.

Data processing

The multi-factor analysis of variance (ANO-
VA) of the crop yields data was performed by
using the standard methodology within AgroStat
add-on for Microsoft Excel software applica-
tion [Kim 2014; Rosner 2006; Ushkarenko et al.
2016]. Statistical evaluation was performed for
the reliability level of 95% (p<0.05). The safflow-
er seed productivity was modeled by the results
of the linear regression analysis, which was con-
ducted by using the common calculations by the
method of the least squares within Microsoft Ex-
cel software [Draper, Smith 2014; Gelfand et al.
2010; Seber, Lee 2012]. The model of safflower
yields was developed as a common linear function
Y=>0y+bX, +b,X,+ b;X; + ... +b,X,. The ac-
curacy and reliability of the developed regression
model was checked by the direct comparison of
the true crop yields values with the modeled ones.

RESULTS AND DISCUSSION

The mathematical processing of safflower
yields data allowed us to determine the effect of
different cultivation technology treatments on the
crop yields, as well as define their coefficients
of multiple and pair correlation, regression, and
determination (Table 1). We should mention that
we had calculated the sum of the positive tem-
peratures for different times of sowing to enable
expressing the above-mentioned factor in math-
ematical form for further statistical analysis. The
statistical analysis proved the significant effect of
the studied cultivation technology treatments on
the crop yields (Table 2).

The results of the regression analysis showed
the high strength of ties between the safflower
seed productivity and cultivation technology
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Table 1. Weather conditions during the period of the field trials with safflower

2010 2011 2012
AT, 'C AH, % PA, mm AT, C AH, % PA, mm AT, 'C AH, % PA, mm Months
-3.0 85 33.0 -1.3 88 36.2 -0.3 87 62.9 Jan
2.0 84 0.0 -2.4 74 4.2 -6.7 85 18.3 Febr
3.4 79 14.6 2.6 78 17.3 2.7 79 29.0 Mar
10.7 70 11.0 9.9 73 38.9 12.8 77 12.7 Apr
17.6 66 77.3 16.7 77 47.3 20.8 74 58.2 May
22.5 65 69.5 22.2 71 68.8 23.8 65 12.3 Jun
24.7 63 44.9 252 71 11.0 26.5 58 13.3 Jul
26.1 62 44.0 23.2 65 12.3 244 62 9.0 Aug
17.7 68 64.1 19.3 68 71 201 70 0.1 Sept
7.8 76 36.2 10.7 77 19.3 15.8 77 17.7 Oct
10.5 86 43.0 3.1 76 6.0 7.7 85 8.4 Nov
1.6 88 68.9 4.4 89 27.5 0.4 86 13.5 Dec
11.8 743 506.5 11.1 75.6 295.9 12.3 75.4 2554 Annual

Notes: AT — air temperature, AH — air humidity, PA — precipitation amounts.

Table 2. Safflower seed yields in t ha'' depending on soil tillage, time of sowing, inter-row
spacing and mineral fertilizers application doses (average for the studied period)

Inter-_row Time of sowing Mineral fertilizers dose (D) Factorial mean
spacho ©) NoP NaoP NsoP NeoP! c B
cm (B) oro 3030 601" 60 9090
Disking at the depth of 14-16 cm (A)
early 1.48 1.74 1.96 1.88 1.77
30 middle 1.29 1.65 1.85 1.89 1.67 1.60
late 1.03 1.31 1.58 1.53 1.36
early 1.17 1.46 1.57 1.62 1.46
45 middle 1.01 1.20 1.32 1.33 1.22 1.23
late 0.79 0.99 1.15 1.17 1.02
early 1.01 1.26 1.37 1.40 1.26
60 middle 0.86 1.03 1.13 1.15 1.04 1.05
late 0.67 0.82 0.96 0.98 0.86
Factorial mean by D 1.04 1.27 1.43 1.44
Plowing at the depth of 20-22 cm (A)
early 1.63 1.89 2.02 21 1.91
30 middle 1.48 1.73 1.89 1.92 1.76 1.73
late 1.22 1.48 1.71 1.72 1.53
early 1.36 1.62 1.76 1.79 1.63
45 middle 1.12 1.33 1.45 1.49 1.35 1.38
late 0.90 1.09 1.29 1.31 1.15
early 1.13 1.39 1.50 1.53 1.39
60 middle 0.93 1.14 1.25 1.27 1.15 1.16
late 0.73 0.91 1.05 1.09 0.94
Factorial mean by D 1.17 1.40 1.55 1.58
LSDys for the studied factors: A —0.042; B — 0.027; C — 0.027; D — 0.061

(Table 3). The coefficient of multiple correlation
was 0.8277, and the coefficient of determination
was 0.6851. However, the factors of soil tillage
and inter-row spacing width had a very slight ef-
fect on the seed productivity of safflower, because
their coefficients of determination were less than

10

0.1. Besides, it should be mentioned that inter-
row spacing had negative value of the coefficient
of correlation (-0.0566). This fact shows that an
increase in the inter-row spacing width will have
a negative impact on the crop productivity. The
combination of positive temperatures (r — 0.6647)
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Table 3. The results of regression analysis of the average safflower seed yields for
the studied period depending on the cultivation technology treatments

. - D — general and .
Related X R —multiple and 1i — pairs i — partial coefficients of bo and b: — coefficients of
coefficients of regression L regression
determination
X1X2X3X4 0.8277 0.6851 -1.3639
X1 0.1879 0.0353 0.0213
Xz 0.6647 0.4418 0.0017
X3 -0.0566 0.0032 -0.0121
X4 0.4525 0.2048 0.0045

Notes: X, —soil tillage depth, cm, X, — sum of the effective temperatures above 10°C, X; — inter-row spacing, cm,

X, — mineral fertilizers dose, kg ha™'.

and mineral fertilizers application (r — 0.4525)
had the strongest effect on the crop productivity.

Using the results of regression analysis, the
multiple linear regression model of safflower seed
productivity depending on the studied inputs was
created (1):

Y =—1.3639 + 0.0213X, +
+0.0017X,— 0.0121X; + 0.0045X, )

where: Y- safflower seed yields, t ha'!,
X; —soil tillage depth, cm,
X, — sum of the positive temperatures
above 10°C,
X; — inter-row spacing, cm,
X,— mineral fertilizers dose, kg ha''.

The model shows that an increase in the depth
of tillage on 1 cm, an increase of the sum of the
positive temperatures on 1°C, and an increase of
the application dose of mineral fertilizers on 1
kg ha' lead to respective increases of safflower
seed yields on 21.3, 1.7, and 4.5 kg ha!. How-
ever, an increase of the inter-row spacing width
on 1 cm causes a decrease in the crop productivity
on 12.1 kg ha''.

The results of statistical data processing al-
lowed us to determine the peculiarities in the
influence of agrotechnological treatments on the
safflower seed yields. It was established that the
factor of the effective temperatures (X,) with the
share of 60.2% had the strongest influence on the
crop productivity. The mineral fertilizers doses
(X,) can also be considered as a determinant fac-
tor for safflower yields, its share was 27.9%. At
the same time, soil tillage (X;) and inter-row spac-
ing (X;) are the factors of the least effect on the
crop with their total share of only 5.2%, which is
even lower than the share of occasional influence
of other unaccounted in the study factors (6.7%).

A comparison of the true and modeled saf-
flower yields showed sufficiently high relevance
and accuracy of the developed linear regression
model of the crop productivity (Table 4).

The amplitude of the seed productivity re-
siduals averaged to -0.22...0.27 t ha. This is a
relatively small discrepancy between the crop
yields. However, most of the trial variants ob-
tained much lesser discrepancy between the mod-
eled and true safflower productivity values (in the
borders of 0.15 t ha'').

Therefore, the model showed quite a good
reliability and accuracy, and it can be used for
prediction of the crop yields in dependence on
the cultivation technology treatments. We should
mention that the model has limitations due to the
fact that it was created for specific climatic and
soil conditions. Thus, it might be successfully
used only in modeling for the conditions of the
South of Ukraine.

CONCLUSIONS

The developed multiple linear regression
model of safflower seed yields depending on the
cultivation technology treatments showed suf-
ficient reliability and accuracy. The testing of
the model gave us an opportunity to conclude
that it is suitable to make an approximate fore-
cast of the crop productivity in accordance to
the cultivation technology parameters, such as
soil tillage depth, inter-row spacing, and mineral
fertilizers application doses, with taking into ac-
count terms of the crop sowing, which could be
expressed in the sum of the effective temperatures
needed for seed ripening.

11
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Table 4. A comparison of the true and multiple linear regression predicted values of

safflower seed yields depending on the cultivation technology treatments, t ha™!

Soil tillage Inter-.row Time of sowing Mineral fertilizers True yields Modeled yield Residuals
spacing dose value value

NoPo 1.48 1.48 0.00

early N3oP30 1.74 1.62 0.12

NeoPso 1.96 1.75 0.21

NgoPgo 1.88 1.89 -0.01

NoPo 1.29 1.31 -0.02

. N3oP30 1.65 1.45 0.20

30 midde NeoPso 1.85 1.58 0.27

NooPgo 1.89 1.72 0.17

NoPo 1.03 1.14 -0.11

late N3oPs0 1.31 1.28 0.03

NeoPso 1.58 1.41 0.17

NgoPgo 1.51 1.55 -0.04

NoPo 1.17 1.30 -0.13

carly N3oP30 1.46 1.44 0.02

NeoPso 1.57 1.57 0.00

NagoPgo 1.62 1.71 -0.09

e

the depth 45 middle N30P30 T3 140 -0.08
f14-16 cm 6oPeo - : Q0.

0 NooPso 1.33 1.54 -0.21

NoPo 0.79 0.96 -0.17

late N3oP30 0.99 1.10 -0.11

NeoPso 1.15 1.23 -0.08

NgoPgo 1.17 1.37 -0.20

NoPo 1.01 1.12 -0.11

carly N3oP30 1.26 1.25 0.01

NsoPso 1.37 1.39 -0.02

NgoPgo 1.40 1.52 -0.12

NoPo 0.86 0.95 -0.09

. N3oPs0 1.03 1.08 -0.05

60 middle NeoPso 113 1.22 -0.09

NgoPgo 1.15 1.35 -0.20

NoPo 0.67 0.78 -0.11

late N3oP30 0.82 0.91 -0.09

NsoPso 0.96 1.05 -0.19

NagoPgo 0.98 1.18 -0.20

NoPo 1.63 1.61 0.02

N3P0 1.89 1.75 0.14

Blow early NeoPoo 2.02 188 0.14

owing at

the depth 30 NgoPgo 2.1 2.02 0.09

f20-22 cm NoPo 1.48 1.44 0.04

0 middle N2oPso 173 1.58 0.15

NeoPso 1.89 1.71 0.18

NgoPgo 1.92 1.85 0.07

NoPo 1.22 1.27 -0.05

N3oP30 1.48 1.41 0.07

30 late NeoPso 1.71 1.54 0.17

NooPgo 1.72 1.68 0.04

NoPo 1.36 1.43 -0.07

early N3oPs0 1.62 1.56 0.06

NeoPso 1.76 1.70 0.06

NgoPgo 1.79 1.83 -0.04

NoPo 1.12 1.26 -0.14

. N3oP30 1.33 1.39 -0.06

45 middle NsoPso 1.45 153 -0.08

NaoPgo 1.49 1.66 -0.17

Plowing at NoPo 0.90 1.09 -0.19

N3P0 1.09 1.22 -0.13

the depth late NaoP 129 136 007
f 20-22 cm ooee : ' :

0 NooPso 1.31 1.49 -0.18

NoPo 1.13 1.25 -0.12

early N3oP30 1.39 1.38 0.01

NeoPso 1.50 1.52 -0.02

NgoPgo 1.53 1.65 -0.12

NoPo 0.93 1.08 -0.15

; N3P0 1.14 1.21 -0.07

60 middle NeoPso 1.25 1.35 -0.10

NgoPgo 1.27 1.48 -0.21

NoPo 0.73 0.91 -0.18

late N3oPs0 0.91 1.04 -0.15

NeoPso 1.05 1.18 -0.13

NooPgo 1.09 1.31 -0.22
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