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INFLUENCE OF FERTILIZATION ON THE PRODUCTIVITY OF WINTER RAPE IN THE
WESTERN FOREST-STEPPE

0. V. Kurach

Institute of Agriculture of Western Polissia NAAS,

5 Rivnenska St., Shubkiv village, Rivne district, Rivne region, 35325, Ukraine

The optimal systems of mineral fertilizers for winter rape cultivation on typical low-humus loamy
chernozem in the conditions of the Western Forest-Steppe were substantiated by the research results. It was
found that the best degree of overwintering (95.2-95.5 %) and plant survivability (97.8-98.1 %) during the
spring-summer period was observed under the calculated fertilization systems.

It was established that in the case of three foliar fertilization of winter rape with Avanhard R bor +
Avanhard R ripak at the different stages of growth and development: in the 4-6 leaf stage BBCHys (0.5 +
0.1 1/ha), in the rosette stage BBCH3, (1.0 +2.0 I/ha), in the stage of the beginning of budding BBCHs3 (1.0 +
2.0 I/ha) on the background of the recommended rate N3,PgoKigo + Nigg + Ni2Ssg, DY the normative method
N3oP110Kig6o + Nigg + N42848, on removal N3zoP110Kigo + Niog + Nao 848 the y|9|d increased by 0.52 t/ha,
0.53 t/ha, 0.89 t/ha, respectively.

The highest number of pods per plant (294.5-315.5 pcs), the number of seeds in a pod (23.8-
24.5 pcs), and the 1000 seed weight (4.24-4.27 g) were determined at the recommended rate NzgPgoKigo +
N42848, by the normative method N30P110K160 + nge + N4284g, by removal N30P132K192 + ngg + N4284g in
combination with foliar fertilization Avanhard R bor + Avanhard R ripak — at BBCHy5s (0.5 + 0.1 I/ha),

BBCH, (1.0 + 2.0 I/ha), BBCHss (1.0 + 2.0 I/ha).

The highest yield of winter rape (4.05—4.59 t/ha) was provided by fertilizer systems of N3PgoKigo +
Nlog + N42843, N30P110K150 + N126 + N42848, N30P132K192 + ngg + N4284g with three-time foliar fertilization of

Avanhard R bor + Avanhard R ripak.
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Winter rape (Brassica napuc L. ssp. ole-
ifera Metzg) is a crop with significant potential.
Among the oil crops of the cabbage family, this
crop ranks first according to the oil content. It sig-
nificantly improves soil structure due to this is a
good predecessor for cereals.

Rape is a cold-resistant crop, and its win-
ter hardiness depends on varietal characteristics.
It is highly demanding on moisture that is ex-
tremely important to consider when sowing.
Adherence to sowing technology and general
rules of rapeseed cultivation is the basis for a
high and quality seed yield [1, 2].

Many scientists have shown that about
70 % of the future winter rape yield depends on
weather conditions before the beginning of the
winter. In the autumn, plant root system actively
forms to ensure reliable resistance to sudden
changes in temperature. There is an accumula-
tion of nutrient and sugar reserves for the spring
growth resumption. It is important that the rape
flower buds initiation begin in the autumn. In
the future, the number of side shoots will de-
pend on the number of leaves on the plant — one
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leaf corresponds to one shoot. Therefore, the
proper provision of rape plants with readily
available compounds of macro-micronutrients
in the autumn plays a special role both strength-
ening the root system growth and development
and in overwintering plants, and also in the ini-
tiation of generative organs [3, 4].

An important element of intensive tech-
nology for growing winter rape is a scientifical-
ly-based fertilizer system, which depends on the
winter hardiness of plants, resistance to diseases
and pests, and ultimately — seed yield [5].

Winter rape is highly demanding on nutri-
ents. The nutrient utilization begins from the
sprout emergence. Lack of nutrients during this
period negatively affects the growth and devel-
opment of plants and reduces seed yield [6, 7].

During the growth and development of
winter rape plants, the nutrient utilization in-
creases, but it decreases in the ripening stage,
and then stops altogether. During this period,
plants utilize nitrogen, phosphorus, potassium
and other nutrients accumulated in stems, leaves
and roots to form seeds [8, 9].
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It was determined that the winter rape ab-
sorbs 2 times more nitrogen, phosphorus, potas-
sium, magnesium, boron and sulfur, and 5 times
more calcium than winter wheat. During the
growing season, winter rape plants differently
respond to the amount of nutrients in the soil in
different development stages. In autumn, plants
absorb nitrogen about 20 % of annual nutrient
requirements, potassium — 20 %, phosphorus
and sulfur — 10 %. The largest amount of nutri-
ents is absorbs during the spring growing sea-
son, reaching a maximum from the beginning of
the side-shoot formation to the end of flowering
stage. During this period, plants absorb 67 % of
nitrogen, phosphorus — 70 %, potassium — 80 %,
sulfur — 65 %. The most potassium is consumed
at the beginning of the flowering, and phospho-
rus, calcium, magnesium — before flowering
stage [10-12].

Aim. To prove of the mineral fertilizer
system for winter rape cultivation on a typical
low-humus light loam chernozem in the West-
ern Forest-Steppe for the maximum realization
of biological potential.

Materials and Methods. The research was
conducted during 2018-2020 at the Institute of
Agriculture of Western Polissia a on typical
low-humus light loam chernozem with the fol-
lowing agrochemical parameters of 0-30 cm
soil layer: humus content according to Tiurin
was 1.96 %, alkaline hydrolyzable nitrogen con-
tent by Cornfield's method — 79.2 mg/kg of soil,
mobile phosphorus (P,Os) and potassium (K,0)
according to Kirsanov — 251 and 109 mg/kg of
soil, respectively, and pH (salt) — 6.2, hydrolytic
acidity by Kappen — 1.14 mg-eq./100 g of soil.

Predecessor was winter wheat, replication
was three times. The experiment scheme is sys-
tematic. The accounting area of plot was 25 m?;
the sown area was 50 m?.

The research was based on fertilizer sys-
tems (factor A): N3p + Nigg + Ny2Sss; N3gPsoKoo
+ Niog + NaoSasg; N3oP70Kizs + Nigg + NaoSss;
N30P9oK1g0 + N1og + N42Sag; NagP110K160 + Ni1og +
Ni2Sas; N3oP132Kigo + Nigg + NgpSss factor B -
foliar feeding: without fertilizers (control);
Avanhard R bor — BBCH15 (0.5 1/ha), BBCHj3;
(1.0 I/ha), BBCHs;3 (1.0 I/ha); Avanhard R bor +
Avanhard R ripak — BBCHys (0.5 + 1.0 I/ha),
BBCHj3, (1.0 + 2.0 1/ha), BBCHs; (1.0 +
2.0 I/ha); Avanhard R ripak — BBCHjs (1.0
I/ha), BBCH3, (2.0 I/ha), BBCHs3 (2.0 I/ha).
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Dressing was carried out: in autumn in the fol-
lowing stages: 4-6 leaves (BBCHjs), spring ro-
sette (BBCHjy), the beginning of budding
(BBCHsg).

Avanhard R bor is a concentrated liquid
boron fertilizer based on organic polyborates
with the active ingredients: boron (150 g/l), ni-
trogen (65 g/l) and amino acids.

Avanhard R ripak is a complex concen-
trated fertilizer with a balanced ratio of macro-,
meso- and microelements (Mo — 0,1 g/l, MgO —
509/l,Zn -7 g/l, Mn—-10g/l, Fe —4 g/l, B —
6 g/l, SO3 — 121 g/l, K;O — 10 g/l, N — 60 g/l,
Cu-3g/l,Co-0,1g/.

The weather conditions in 2018-2020
were satisfactory for the growth and develop-
ment of winter rape and close to the long-term
average, despite fluctuations in air temperature
and moisture level. Thus, the state of winter
rape areas did not deteriorate during the grow-
ing season and winter.

We performed statistical processing the ob-
tained research results by the Dospekhov's method
of variance analysis with Microsoft Office Excel,
Statistica 5.0.

Results. We proposed for region condi-
tions the improved elements of intensive tech-
nology of winter rape cultivation based on dif-
ferent fertilizer systems, foliar feeding, which
allow to obtain the yield and seed quality close
to the potential of this crop in production condi-
tions.

The fertilizer systems were a main factor
which influenced the plant density. Among the
studied variants, the best variant was the rec-
ommended fertilizer system N3oPgoK1go + N1og +
N42S4s, and calculated according to the norma-
tive method N3oP110K160 + N12g + NaxSag with
nutrient depletion of N3oP13Kig, + Nigg +
N42S4g, and foliar feeding with Avanhard R bor
+ Avanhard R ripak — BBCHj5 (0.5 + 0.1 I/ha),
BBCH;, (1.0 + 2,0 I/ha), BBCHsz (1.0 +
2.0 I/ha). In this case, the overwintering plants
were 95.2-95.5 %, and plant survivability dur-
ing the growing season was 97.8-98.1 %.

When these fertilizer systems were ap-
plied, the plant density after the growth resump-
tion ranged from 38.8 to 39.2, and before har-
vest — from 37.9 to 38.7 pcs/m? when the ferti-
lizer system of N3g + Nigg + Nj2Ssg Was used,
these indicators were 34.8 and 33.7 pcs/m?, re-
spectively (Table 1).
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1. Influence of fertilizer system on plant density, degree of overwintering

and plant survivability, (average for 2018-2020)

Fertilizer _ _ Plant density (L\\I/Lérr];\tl)i?lrt:rf- Plant density Plgnt_
system Foliar feeding after gro_vvth ing before sur\_/labll—
(factor B)* resumption, harvest, ity,
(factor A) 2 plants, 2
pcs/m %, pcs/m %
1 30.8 89.2 29.2 94.6
N3 + Nigg + NyoSss 2 36.0 90.8 34.3 95.5
3 34.8 91.1 33.7 95.9
4 33.7 90.8 32.4 95.3
1 36.0 91.9 34.6 96.2
N3oPsoKgo + Nigg + 2 37.9 93.7 36.7 97.1
+ NypSss 3 38.0 94.0 36.9 97.3
4 37.7 83.8 36.4 96.8
1 36.3 92.1 34.9 96.3
N3oP70K135 + Nigg + 2 38.0 94.0 36.9 97.1
+ NypSss 3 38.3 94.4 37.3 97.4
4 37.8 93.9 36.6 97.0
1 37.3 92.3 35.9 96.4
N3oPgoKigg + Nigg + 2 38.5 94.3 37.4 97.3
+ NypSss 3 38.8 95.2 37.9 97.8
4 38.3 94.2 37.2 97.1
1 37.6 92.5 36.2 96.7
N3oP110K160 + Nigg + 2 38.8 94.5 37.7 97.4
+ NypSss 3 39.0 95.5 38.1 97.9
4 38.6 94.5 37.5 97.3
1 37.8 92.6 36.5 96.7
N3oP13Kig2 + Nigg + 2 38.9 94.9 38.0 97.7
+ NypSss 3 39.2 95.4 38.7 98.1
4 38.8 94.8 37.8 97.7

* Foliar feeding with microfertilizers in variants 1-4 was carried out according to the experiment scheme.

Thus, the main elements of the winter rape
yield structure are the total number of pods and
seeds per a plant, the average number of seeds
per pod, the 1000 seed weight and the seed
weight per plant. The analysis of the yield struc-
ture indicated that the fertilizer system of N3, +
Nios + Nis2Ssg characterized by the smallest
number of pods per plant — 214.5-235.5 pcs, the
seeds per a pod — 18.7-20.2 pcs, the lowest
1000 seed weight — 3.96-4.03 g, while the
application of system with phosphorus-
potassium fertilizers, these indicators increased
by 19.6-34.0; 6.4-21.2; 1.3-6.0 %, respectively
(Table 2).

Improvement of mineral nutrition accor-
ding to the recommended fertilizer system
(N30P90K180 + Nigg + N42548) and calculated ac-
cording to the normative method (N3oP110K160 +
Niss + Ng2Ssg) with nutrient depletion of
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(N30P132K192 + Nigg + N42848) positively affected
on the yield structure. The introduction of the
studied fertilizer systems with foliar feeding led
to the number of pods per a plant was 269—
315.5 pieces, the number of seeds per a pod —
21.9-24.5 pieces, the 1000 seed weight — 4.11—
4.27 g compared to the fertilizer system of N3o +
N1og + N42Sss.

Improvement of the vyield structure in-
creased the seed productivity of winter rape.
Thus, on average over the years of research un-
der different fertilizer systems, the winter rape
yield ranged from 3.06 to 3.29 t/ha (N3o + Nigg
+ N42848), 3.24-3.62 (N30P50Kgo + Nygg +
N42S4g), 3.36-3.77 (N3oP70K135 + N1og + N42Sss),
3.53-4.05 (NgoPgoKlgo + Nigg + N42843), 3.55—
4.08 (N3oP110K1e0o + Nizgg + NipSsg), 3.70—
459 t/ha (N30P132K192 + Nigg + N42848) (I'able 3)
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2. Influence of fertilizer systems on the parameters of the yield structure of winter rape,
(average for 2018-2020)

Fertilizer system Foliar feeding Number of pods Number of seed | 1000 seed
(factor A) (factor B)* per 1 plant, pcs per a pod, pcs weight, g
1 2145 18.7 3.96
2 220.0 19.3 3.99
N3o + N1og + Ng2Ssg 3 2355 20.2 4.03
4 216.0 18.9 3.99
1 256.5 19.9 4.01
N3oPs50Kgo + Niog + Ng2Sag g ggég ggg jgg
4 257.0 20.3 4.06
1 260.0 21.2 4.08
N30P70K135 + N1og + Ns2Ssg g gggg g%? j;g
4 267.0 21.4 4.17
1 269.0 21.9 411
2 277. 22.7 4.2
N3oPgoKigo + Niog + Ng2Sag 3 294_2 73.8 4.22
4 275.0 225 4.20
1 276.0 22.3 411
N3oP110K160 + Ni26 + Na2Sss g g?gg gié jgé
4 281.0 22.9 4.21
1 240.5 23.1 4,12
N3oP132K192 + Nigg + N12Sas g gggg gig jg%
4 292.0 23.4 4.22

* Foliar feeding with microfertilizers in variants 1-4 was carried out according to the experiment scheme.

3. Yield seed of winter rape depending on the fertilizer system, t/ha (average for 2018-2020)

Fertilizer system

Foliar feeding

Increase in the yield

(factor A) (factor B)* AVerage | e to foliar feeding
1 3.06 -
2 3.22 0.16
N3 + Nigg + NapSag 3 3.29 0.23
4 3.18 0.12
1 3.24 -
2 3.42 0.18
N30P50Kgo + Nigg + Na2Sag 3 3.62 0.38
4 3.40 0.16
1 3.36 -
2 3.56 0.20
N3oP70K135 + N1og + Na2Sag 3 3.77 0.41
4 3.52 0.16
1 3.53 -
2 3.82 0.29
N3oPgoK1g0 + N1og + N4pSas 3 4.05 0.52
4 3.79 0.26
1 3.55 -
2 . .
N30P110K160 + N1og + NaoSag 3 Zgg 823
4 3.83 0.28
1 3.70 -
2 41 2
N30P132K192 + N1gg + NaoSag 3 4.58 888
4 4.04 0.34
LSDgs, t/ha A—-0.25 B-0.12 AB -0.37

* Foliar feeding with microfertilizers in variants 1-4 was carried out according to the experiment scheme
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The largest yield was 4.05; 4.08; 4.59 t/ha
when applying NsoPgoKigo + Nigg + Na2Sas,
N30P110K160 + N126 + N42Sas, N3gP13K192 + Nigg
+ Ng2S4s and foliar feeding with Avanhard R
bor + Avanhard R ripak — BBCHjs (0.5 +
1.0 I/ha), BBCH3, (1.0 + 2.0 I/ha), BBCHs3 (1.0
+ 2.0 I/ha). The increase in grain yield due to
foliar feeding with microfertilizers and the in-
troduction of these fertilizer systems was 4.7;
4.9; 4.1 %, for variants without foliar feeding —
3.53; 3.55; 3.70 t/ha, respectively.

Conclusions.

According to the research results aimed to
ground the optimal fertilizer systems for cultiva-
tion of winter rape in the Western Forest-
Steppe, it was found that the introduction of cal-
culated fertilizer systems provided the high rates
of overwintering plants — 95.2-95.5 % and plant
survivability — 97.8-98.1 % for the spring-
summer period.
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