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PRODUCTIVITY OF OIL FLAX
DEPENDING ON DOSES OF FERTILIZERS
AND CORRELATION AND STATISTICAL ANALYSIS
OF THE STUDY FACTORS

A.A. Podlipnaya, D.V. Vinogradov, T.V. Zubkova

Background. The high purchase price and the expansion of treatment volumes
stimulate the production of oilseeds in general, including oilseed flax. However, it
has not been enough done to determine the autecological aspects in the agrocenoses
of oil flax and the scientific justification for the sustainable production of oilseed
raw materials of this crop in conditions of the Central Non-Black Earth Region.
Also, the problem of the sowing qualities of flax, the preservation of the crop in
various weather conditions of the region has not been solved and such methods of
agricultural technology as the use of biological microfertilizers, including complex
interaction with mineral fertilizers, have not been worked out, which determines the
relevance and necessity of conducting these studies.

Materials and Methods. Research methods and methodology were based on
generalization of scientific sources of domestic and foreign authors, laboratory and
field studies, phenological observations, records, according to recommendations
and generally accepted methods, using correlation and statistical analysis of the
experimental data obtained. Microsofi Office Excel 10 was used for statistical work.

Results. The maximum average yields were found in variants with N, P, K
(24.4 dt/ha); N,, P, K, (25.1 dt/ha) against the background of Micropolidoc
Plus application. The increase in oilseeds compared to options with introduction
of N,,; was without Micropolidoc Plus: +6.8 dt/ha (N, R, K ) and +8.9 dt/ha
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(N,,,R., K, and against the background of using Micropolidoc plus it was +7.9
dt’ha (N, R, K, ) and +8.6 dt/ha (N, P, K, ).

Conclusion. The use of higher calculated doses of fertilizers stimulated an
increase in yield, and spraying oil flax plants in the “herringbone” phase with
Micropolidoc Plus microfertilizer at a dose of 0.5 l/ha, in combination with mineral
fertilizers, gave a higher increase in seeds according to the options. Correlation-
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statistical analysis revealed that the relationship was enhanced when treated with
agrochemical Micropolidoc Plus against the background of an average level of
nutrition (r = 0.42), and an increase in the number of boxes per unit increased
the crop yield by +0.84 dt/ha, which indicated the effectiveness of a biological
product that improved conditions for increasing the responsiveness of yields to the
formation of boxes.

Keywords: oil flax; Moscow region; agrochemical;, mineral fertilizer;
microfertilizer,; crop structure; yield
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Hay4nast crates | OOliee 3emiieqiene U pacTeHUEBOACTBO

MPOJAYKTUBHOCTD JIbHA MACJIUYHOI'O
B 3ABUCUMOCTH OT J103 YIOBPEHMM
U KOPPEJISLIUOHHO-CTATUCTUYECKHU
AHAJIU3 UCCJELYEMBIX ®PAKTOPOB

A.A. IToonunnas, /1.B. Bunozpaoos, T.B. 3yoxosa

Odbocnosanue. Bvicoxas 3aKynoynas yena, pacuupeniue oobemos nepepa-
OOMKU CMUMYIUPYEn NPOU3800CMBO MACTUYHBIX KVILIMYPbL 8 YEIOM, 6 MOM
yucne u bHa macauyno2o. OOHaxo, 8 ycioguax yenmpanoho2o Heueproszemvs
euje HedOCMAMOYHO NPOBedeHd paboma no ONPeodeeHUrd aymIKOI0SUIeCKUX
aACNeKmos 6 azpoyeHo3ax NbHa MACIUYHO20 U HAYUHOMY 000CHOBAHUIO YCMOT-
4UB020 NPOUIBOOCNEA MACTUUHOZO CLIPbA OaHHOU Kynbmypul. Tax dce, He pe-
weHa npoodnemMa nOCegHbIX Kauecme JbHd, COXPAHHOCIU YPOXUCAS 8 PASTUUHBIX
NO200HBIX YCI0BUAX PE2UOHA, NIOX0 OMPabomansl maKue npuemsl azpomexHo-
Jl02ulU, KaK npUMeHeHue OUOI02UZUPOBAHNBIX MUKPOYOOOPEHU, 6KIIOUASL KOM-
NIEKCHOE 83AUMOOelCNEUe ¢ MUHEPATbHbIMU YOOOPEHUAMU, YO onpedensen
AKMYAIbHOCMb U HEOOXOOUMOCb NPOBEOeHUe OAHHBIX UCCLE008AHUIL.

Mamepuanvt u memoowvt ucciedosanus. Memoovl ucciedosanus u me-
mMooono2us uccied08anusa oasupyemcs Ha 0600w eHuU HAYYHbIX UCTHOYHU-
KO8 OMeuecmeeHHbIX U UHOCHPAHHBIX A6MOPO8, NPOBEOeHUU 1AO0PATOPHYIX
U NONEeGvIX UCCIE008AHUL, (heHON02ULeCKUX HAOIO0eHUl, Y4emos, CO2acHo
peKomeHOayull u oOUenpuHImblX MEMoOUK, ¢ NPUMEHEHUEM KOPPESYUOH-
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HO-CIAMUCmMu4ecko20 aHaIu3a Noay4eHHblX IKCNEPUMEHMATbHbIX OAHHBIX.
Jlna cmamucmuyeckoti pabomel npumensnca Microsoft Office Excel 10.
Pesynomamol. Maxcumanvhvle cpednue noKazamenu YpolcatHoCmu Gbl-
aenenvl na eapuanmax c enecenuem N, P, K, (24,4 y/ea); N, P, K, - (251
y/ea) na gone npumenenus Muxpononruoox Ilnioc. Ilpubaska maciocemsin no
cpasnenuio ¢ eapuanmamu ¢ enecenuem N, cocmasuna 6e3 Mukpononudox
Inoc: +6,8 y/ea (N, P, K, ), +8,9 y/ea (N,, P, K, ), na dpone npumenenus
Muxpononuoox nmoc: +7,9 y/ea (N,, P, K, ), +8,6 y/ea (N,, P, K, ).
3aknwuenue. [pumenenue 6onee 8bICOKUX paciemublx 003 YOOOPeHUll cmu-
MyIupyem yenudeHue ypoxrcas, d ONpblCKUSAHUE PACMEHUIL IbHA MACIUYHO20 6
Gazy «enouxuy muxpoyoobperuem Muxpononruook I[Lnoc 6 dose 0,5 i/2a, 6 kom-
nieKce ¢ MUHepantbHblMu YOoopenusmu oaem 0onee GblcOKYI0 NPUbAasKy cemsi
no eapuanmanm. Ipu KoppersiyuoHHO-CMamucmuyeckomM aHaIu3e, GbIsI6IEHO, Yo
€643b ycunusaemes npu obpabomre azpoxumuxamom Muxpononrudox Ilnoc na
one cpeoneco yposus numanusi (r=0,42), a ysenuuenue yucia kopobouex Ha
eOUHULYY NOBbIULAEM YPOXCAUHOCTb Kybmypbl yoce Ha +0,84 y/ea, umo ykazvl-
saem Ha 3¢hpexmusHocms Ouonpenapama, KOMopwiil Yayuuiaem yciosus OJis
NOGBIUIEHUST OM3BIGUUBOCIUL YPONUCATHOCIIU HA (POPMUPOBAHUE KOPOOOYEK.
Knroueswie cnosa: nen maciuunsiii; Mockosckas obnacmo, azpoxumukanm, Mu-
HepaibHoe YOOOpeHue; MUKpOyOoOpeHue, CIMpYKNTypa YpONCdst; YPOICAIHOCTIb
/s yumuposanus. [loonunnas A.A., Bunoepaoos /1. B., 3yoroea T.B. [Ipo-
OYKMUBHOCMb TbHA MACIUYHO20 8 3A8UCUMOCTIU OM 003 YOOOPEeHUll U Kop-
PENAYUOHHO-CINAMUCTIUYECKULl aHATU3 ucciedyembvlx ¢akmopos // Siberian
Journal of Life Sciences and Agriculture. 2024. T. 16, Nel. C. 90-101. DOI:
10.12731/2658-6649-2024-16-1-713

Introduction

Oil flax is a valuable industrial and oilseed crop that produces high-quality oil
and highly concentrated protein feed for animals in the form of meal and cake [1-3].
The production of oil flax in Moscow region in recent years has been a promising
area, and has a tendency to increase production crops in the region [4, 5].

Thus, the gross volume of oil flax in the Russian Federation in 2021 exceed-
ed 1 million hectares, and amounted to 1.4 million tons, and already in 2022,
the figure was 1.7 million tons [6]. The cultivation of this crop stimulated pro-
duction, including the absence of duties, while other oilseeds - rape, soybean
and sunflower had them. The area under oil flax in Russia is also increasing:
2013 - 0.48 million hectares, 2015 — 0.64 million ha, 2018 — 0.84 million ha,
2021 — 1.56 million ha, 2022 — 2.1 million ha.
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The cultivation of oil flax is not developed in Moscow region and the annual
area under crop is not more than 1.5 thousand hectares with a yield of 1.4-1.6
t/ha, but there is a large reserve in increasing production.

The main buyer of oil flax is the People’s Republic of China getting more
than half of the volume of seeds from the country, Turkey has increased pur-
chases. Such European countries as Belgium, Norway, Poland, Latvia also im-
port oil flax [7-11].

The high price and the expansion of treatment volumes stimulate the pro-
duction of oilseeds in general, including oil flax [12, 13]. In addition, oil flax
is often sown as a good predecessor for winter cereals in crop rotation, having
a stable crop yield [14]. Further production of oil flax will depend on market
conditions and sales, stable and high prices for raw oil, and agricultural pro-
ducers are ready to increase production of oil linseed raw materials [15, 16].

An increase in crop yield is impossible without the use of fertilizers and
various modern biological products in the production technology, therefore this
scientific work is devoted to these problems.

The purpose of the work is to identify the reaction of oil flax variety Ural-
sky, taking into account the applied calculated doses of mineral fertilizers, to
the planned yield (1.5; 2.0; 2.5; 3.0 t/ha) in combination with the use of Micro-
polidoc plus microfertilizer.

Scientific novelty

For the first time in the conditions of the central part of the non-Chernozem
zone, the reaction of oil flax variety Uralsky to calculated doses of mineral nu-
trition in combination with microfertilizer Micropolidoc plus on soddy-podzolic
heavy loamy soils of Moscow region was studied. The productivity of oil flax
depending on the factors was revealed and a correlation-statistical analysis of
the straight-line relationship between the number of pods and the yield of the
crop was carried out.

Materials and Methods

Experimental studies were carried out on fields of the All-Russian Research
Institute of Agrochemistry Named after D.N. Pryanishnikov, mcr. dstr. Barybi-
no, Domodedovsky district, Moscow region in 2021-2022.

The soil of experimental plots was soddy-podzolic heavy loamy and the D
horizon was Shale drape with the following agrochemical characteristics: pH
KCI - 5.25-5.33; N-NO, 7.6-7.7 mg/kg; N-NH, 1.25-1.33 mg/kg P,O, 151-161
mg/kg; K O 168-174 mg/kg; humus - 2.0 %.
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The studies were according to the method presented by B.A. Dospekhov
(1985). Events for sowing oil flax were generally accepted for the region. The
predecessor was winter wheat. Autumn plowing was carried out to a depth of
20-22 cm (MTZ-1221 + PLN-4-35) and early-spring harrowing was carried out
by BZSS-1.0 to a depth of 16-18 cm BDN-2.4 * 2, followed by presowing cul-
tivation after 1-1.5 weeks to a depth of 6-8 cm (MTZ-1221 + KPM-6). There
was application of fertilizers for pre-sowing cultivation. Sowing was with a
seeding rate of 7 million units/ha (MTZ-1221 + Kverneland DL) and sowing
time was the first decade of May. The variety of oil flax in the experiment was
Uralsky. Harvest accounting was carried out by a continuous method using a
selective harvester Tarion - 2010.

Azophoska NPK 16-16-16, ammonium nitrate was used in the experiment
(factor A). Doses of fertilizers were applied based on the planned yield: 1)
1.5 t/ha; 2) 2.0 t/ha; 3) 2.5 t/ha; 4) 3.0 t/ha of seeds in doses of N ; N K :

N, R, Koos N, P K, . kg/ha according to the options. As factor lézsin e;?(;))e;?-
ments, microfertilizer Micropolidoc Plus was studied at a dose of 0.5 1/ha. This
agrochemical includes macro- and microelements and amino acids. The com-
position of Micropolidoc Plus microfertilizer declared by the manufacturer in-
cluded N -200g/1, P,O, - 120 g/, K,0- 100 g/1, S - 1.5 g/, Fe - 1.1 g/, Mo - 0.5
g/l,Cu-0.21¢g/l,Zn-0.2 g/, Mg-0.6 g/l, Mn - 1.1 g/, B- 0.1 g/l, Co — 0.02
g/1, glutamic acid — 0.002 g/l, L-alanine — 0.014 g/1.

Results and discussion

The climate of Domodedovo district of Moscow region during the years of
research was characterized as temperate continental with an average annual air
temperature of about +4° C, a period with positive temperatures of 210-213
days and an average annual precipitation of 520-546 mm. The sum of average
daily temperatures in the experimental area during the growing season was 1
970-2 120° C, on average, the hydrothermal coefficient of the HTC 2021 was
0.89, HTC was 1.09.

The soil of the experimental plot was soddy-podzolic, and therefore, the
application of mineral fertilizers, taking into account the planned yield, was a
mandatory technique in agricultural technology. The application of mineral fer-
tilizers stimulated the growth and development of oil flax throughout the entire
growing season (Table 1).

It was revealed that the maximum average yields were obtained on options
with N P, K (24.4 dt/ha)and N, P_ K - (25.1 dt/ha) against the background

2057 357775
of Micropolidoc Plus application. The increase in oilseeds compared to op-
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tions with the introduction of N, was without Micropolidoc Plus: +6.8 dt/ha
(N,R, K., +8.9 dt/ha (N220 K os)s agamst the background of Micropolidoc
plus: +7.9 d/ha (N K.,), 8.6 dt/ha (N

205 35 220 70 105)

Table 1.
The structure of the crop and the yield of oil flax depending on doses
of fertilizers and the use of Micropolidoc Plus

Option of application | Treatment . Number .
of calculated mineral | with Mi- Quantity P!ant of pods, Weight Yield,
fertilizers, kg/ha of | cropolidoc | ©FP1ants, | height, %5 | of 10004 4y 0
active in’gredient Plus pes/m’ om ple.mt seeds, g
N - 604.8 433 14.9 6.9 15.8
125 + 620.0 48.0 15.5 7.2 16.5
N K - 617.8 46.7 15.9 7.0 19.0
1607740 + 634.9 51.8 16.3 7.2 20.5
- 618.5 49.9 16.7 7.0 22.6
P. K
NoosPsKos + 650.0 59.6 17.6 7.4 24.4
- 609.0 55.1 18.1 7.1 24.7
NoooP 70K + 641.1 63.9 17.9 7.4 25.1
LSD,,, 2021 0.39 0.06 1.41
2022 | 1.04 0.15 3.40

The work included a correlation-statistical analysis of the obtained data to
check the significant differences between the yield data of oil flax according
to the criterion of theoretical yield (4 groups), which was equivalent to the
meaning of the ranked level of nutrition in accordance with doses of mineral
fertilizers. A non-parametric comparison method was used according to Krus-
kal-Wallis test, which was designed to check the equality of the medians of sev-
eral samples. It is considered the non-parametric equivalent of one-way analysis
of variance. This is determined by the fact that the values in the flax yield data,
the number of pods do not have a normal distribution (according to Kolmog-
orov-Smirnov). To do this, each theoretical yield threshold is assigned groups.

The data allow to conclude that there are differences in the yield of flax in
options with different doses of fertilizers, with the exception of the relationship
between the options with a theoretical (calculated) yield of 2.5 and 3.0 t/ha. Ap-
parently, this is due to the fact that in the range of fertilizer doses correspond-
ing to 2.5 and 3.0 t/ha, they do not affect the increase in crop productivity. The
hyperbolic-type dependence parameters shown below support this conclusion.

In terms of the number of pods, the differences were not significant be-
tween the groups of fertilizer doses for the estimated flax yield of 1.5 and 2.0
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t/ha and 2.5 and 3.0 t/ha. This gives a reason to combine them when studying
dependencies.

To study the direct relationship between the number of pods (an indepen-
dent feature) and the yield of oil flax, a two-level grouping of the planned
yield factor was carried out based on doses of mineral fertilizers. For this, two
groups were created: group 1 had 1.5+2.0 t/ha (average level of nutrition) and
group 2 had 2.5+3.0 t/ha (high level of nutrition). Accordingly, the data array
was grouped according to the biological product treatment factor — without
treatment and with treatment. Table 2 shows the general statistics of the yield
and number of pods.

Table 2.
General statistics of the dependence of flax yield on the number of pods per plant
Confidence
Parameter Xaver interval Me | Xmin | Xmax | S | V,% | Sx
-95% | +95%

Yield, dt/ha 21 20 21 21 12 28 4 18 | 0.31

Number of 16 16 | 17 [17] 10 | 22 | 2] 13 |08

pods, pcs.

Regression and correlation and their statistical parameters (standard errors
and significance level) are presented in Table 3. In general, the share of such
a factor as the “number of pods”, judging by the values of the correlation co-
efficients (determination), in the formation of yield (share in variability) is
small - does not exceed 20%. The total share of other factors related to weather
conditions, other reasons - 80%.

Statistical treatment for the total array (without grouping) showed that cor-
relation and regression coefficients were 0.41 (share in the variance 17%) and
0.71. Accordingly, the relationship was positive. This means that with an in-
crease in the number of pods per yield unit of oil flax it significantly increased
by 0.71 dt/ha. When no Micropolidoc Plus treatment, at an average level of
nutrition, it was slightly lower than -0.68 dt/ha (r=0.36). In this case, the rela-
tionship between the features weakened.

Under a combination of conditions with treatment and nutrition level, the
relationship turned out to be even weaker and unreliable (Table 4).

Mineral fertilizers and microfertilizer Micropolidoc plus contributed to an
increase in the density of flax plants, by increasing resistance to adverse con-
ditions in the early phases of crop development: increasing drought resistance
in May — early June, competition with weeds, increasing resistance to pests
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and diseases, more intensive development of the crop was revealed in “her-
ringbone” phase.

Table 3.
Dependence of the yield of oil flax on the number of pods at various
combinations of nutrition level and treatment with a biological product

P Correlation| Standard error | Regression | Standard error | Significance
arameter . . . .
coefficient | of correlation | coefficient | of regression level
According to the general array of data
Intersection - - 9.16 2.08 0.000021
Numberof | 4 0.07 0.71 0.12 0.0000001
boxes
No treatment, average nutrition
Intersection - - 8.39 4.54 0.072429
Numberof | 3¢ 0.15 0.68 0.28 0.020507
boxes
With Micropolidoc Plus treatment, medium nutrition level
Intersection - - 6.54 4.84 0.184586
N‘Lmber of | 042 0.14 0.84 0.28 0.006098
oxes
No treatment, high nutrition
Intersection - - 9.66 3.89 0.017743
Number of 1 45 0.14 0.71 0.22 0.003036
boxes
With Micropolidoc Plus treatment, high nutrition level
Intersection - - 18.0 3.19 0.000002
Numberof | 3 0.15 0.28 0.18 0.135881
boxes
Table 4.
Hyperbolic dependency parameters
. Confidence interval
Parameter Rating Standard error p-value 95% +95%
a 33.84 0.66 0.00 32.53 35.14
b -26.76 1.34 0.00 -29.42 -24.11
Conclusion

Thus, according to the results of the research, we state that the maximum
average yields were obtained on options with N, P, K . (24.4 dt/ha) and
I\'I220P70K195 (25.1 d.t/ha.) against the backgrouqd of Mlcropqlldoc Plgs applica-
tion. The increase in oilseeds compared to options with the introduction of N
was without Micropolidoc Plus: +6.8 dt/ha (N

125

K., +8.9 dt/ha (N,, R, K, )

205R35
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and against the background of Micropolidoc plus it was +7.9 dt/ha (N, R, K_))
and +8.6 dt/ha (N, P, K, ).

The weak relationship under the combination of conditions between the
treatment with Micropolidoc Plus and the application of mineral fertilizers can
be explained by the absence of a response in the amount of pods formation in
flax in a certain range of applied doses of mineral fertilizers. The argumentation
of this statement is supported by a significant regression of the hyperbolic type
(y =a+ b/ x) between the level of nutrition and yield.

The relationship is enhanced by the treatment with agrochemical Micropo-
lidoc Plus against the background of an average level of nutrition (r=0.42), and
an increase in the number of pods per unit increases the crop yield by +0.84 dt/
ha. This may indicate that the biopreparation improves conditions for increasing
yield responsiveness to pod formation.
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