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Introduction
Of all the species of cabbage on the market, 

broccoli is most in demand due to its nutri-
tional value and medicinal properties, in par-
ticular in the fight against cancer. Iodine con-
tained in broccoli in organic form improves 
the functioning of the thyroid gland [1]. Broc-
coli is demanding on nutrients supply in the 
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Purpose. To study the features of the productivity formation of broccoli hybrids depending on the methods of applica-
tion of “5 element” nanofertilizer in the conditions of the Western Forest-Steppe of Ukraine. Methods. Field, laboratory, 
statistical. Results. With the introduction of “5 element” nanofertilizer, the head diameter of the ‘Batavia F

1
’ hybrid in-

creased from 16.6 (var. 2) to 18.3 cm (var. 8), while in the control this indicator was 15.9 cm. The biggest head diameter 
in the hybrid ‘Orantes F

1
’ 18.9 and 18.7 cm was noted with foliar feeding with “5 element” nanofertilizer in the phase of 

4–6 leaves + beginning of head formation + 10–12 days after the beginning of head formation and in the phase of the 
beginning of head formation + 10–12 days after the beginning of head formation. Accordingly, in the aforementioned 
variants, the head mass was 901 and 863 g, which is higher than the control (without treatment) by 166 and 128 g, or 
22.3 and 17.4%.The highest yield of the ‘Batavia F

1
’ hybrid was obtained in 8 and 7 variants of the experiment – 33.5 and 

31.9 t/ha, respectively, the yield increase was 5.2 and 3.6 t/ha, or 18.4 and 12.7%. In the hybrid ‘Orantes F
1
’ the highest 

yield (37.1 t/ha) was recorded when applying the “5 element” nanofertilizer in the 8th variant of the experiment, which 
is 6.6 t/ha higher than the control, or 21.6%. Compared to the ‘Batavia F

1
’ hybrid, the yield in this variant of the ‘Orantes F

1
’ 

hybrid was 3.6 t/ha, or 9.7%. The diameter and weight of the head, as well as the yield of the hybrid ‘Orantes F
1
’ were 

larger compared to the hybrid ‘Batavia F
1
’, due to its biological characteristics. A strong correlation (r = 0.97 and 0.96) 

was revealed between the yield and the diameter of the broccoli head in the ‘Batavia F
1
’ and ‘Orantes F

1
’ hybrids. The 

quality indicators of broccoli (dry matter, sum of sugars and vitamin C) in the ‘Orantes F
1
’ hybrid were higher compared 

to the ‘Batavia F
1
’ hybrid. A tendency towards a decrease in the concentration of nitrates in the heads of broccoli with 

an increase in the number of treatments with nanofertilizer “5 element” was revealed. The concentration of nitrates in 
the ‘Orantes F

1
’ hybrid was lower in all variants of the experiment in comparison with the ‘Batavia F

1
’ hybrid. The concen-

tration of nitrates in the heads of broccoli in all variants of the experiment did not exceed TLV (400 mg/kg wet weight). 
Conclusions. With an increase in the number of foliar treatments with “5 element” nanofertilizer, the yield increased 
and the quality of broccoli hybrids improved. It was revealed that the yield of the ‘Orantes F

1
’ hybrid in all variants of 

the experiment was higher in comparison with the ‘Batavia F
1
’ hybrid. When applying nanofertilizer “5 element” in three 

stages – foliar feeding in the phase of 4–6 leaves + beginning of head formation + 10–12 days after the beginning of 
head formation – we got the highest yield of broccoli in the hybrid ‘Orantes F

1
’ – 37.1 t/ha, an increase over the control 

variant (without fertilizers) was 6.6 t/ha, or 21.6%. The ‘Batavia F
1
’ hybrid had a yield of 33.5 t/ha, an increase over the 

control variant – 5.2 t/ha, or 18.4%.
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soil, which is associated with a small size of 
the root system, a large habit of the ground 
part and a high removal of nutrients per unit 
of production. However, it must be borne in 
mind that the genetic potential of a hybrid can 
be realized through the creation of optimal 
growing conditions, taking into account its 
biological characteristics, requirements for 
some elements of agricultural technology, as 
well as for the fertilization system. An increase 
in yield by 40–70% can be achieved due to 
technology and the use of various types of fer-
tilizers and plant protection products, and by 
30–50% – thanks to selection [2].

The use of modern growth regulators, che-
lated water-soluble organomineral fertilizers 
with trace elements in the form of foliar ferti-
lization helps to increase yields by 15–30% 
and significantly improves the quality of agri-
cultural products [3]. Trace elements are part 
of enzymes that catalyze biochemical proces-
ses, increasing their activity. Thus, they stim-
ulate the growth of plants and accelerate their 
development, have a positive effect on their 
resistance to adverse environmental conditions 
(drought, temperature changes, etc.), help re-
sist diseases and pests. Lack of micronutrients 
causes reduced yields, deterioration of product 
quality, stress in plants, which cause a number 
of diseases, and sometimes their death [4]. The 
yield of broccoli in Ukraine is still low and 
depends on a number of factors. Starting or-
ganomineral fertilizers in conditions of mois-
ture deficiency, which is often manifested in 
recent years, do not promote intensive growth 
and development of a plant, because the pro-
cess of their solubility and assimilation does 
not take place. Therefore, the use of biological 
resources of a variety or hybrid fully requires 
additional foliar application of macro-and mic-
ronutrients, which allows to increase the yield 
and quality of broccoli [5].

Thus, it is important to study the effective-
ness of foliar application of micro- and nano-
fertilizers to increase the efficiency of growing 
and obtaining environmentally friendly pro-
ducts of broccoli on dark gray podzolic soils of 
the Western Forest-Steppe of Ukraine.

The purpose of the research is to study the 
peculiarities of the formation of broccoli hy-
brids productivity depending on the methods 
of application of nanofertilizer «5 element» in 
the Western Forest-Steppe of Ukraine.

Materials and methods
Research studies on the effect of nanoferti-

lizers «5 element» on the yield and quality of 
broccoli were conducted in the research field 

of the Department of Horticulture and Vegetab-
le growing named after prof. I. P. Gulko of 
Lviv National Agrarian University during 
2019–2020.

Early-maturing broccoli hybrids of foreign 
breeding ‘Batavia F

1
’ (Bejo Zaden) and ‘Oran-

tes F
1
’ (Rijk Zwaan), included in the State Reg-

ister of Plant Varieties Suitable for Distribu-
tion in Ukraine were sown [6].

The studies were performed according to the 
given methods [7–9]. A new water-soluble nano-
fertilizer «5 element» was used in the experiments. 
Chemical composition of nanofertilizer (ac tive 
substance), g/100 g: ZnSO

4
 – 0.00027–0.0015%, 

MgSO
4
 – 0.00019–0.002, MnSO

4
 – 0.0081–            

0.0025, FeSO
4
 – 0.00014–0.0015, CuSO

4
 –

0.00074–0.002, CoSO
4
 – 0.00005–0.0005, 

brassinolide grade 0.1SP – 1–1.5, sucrose 98.49–
98.9978, the total content of salts of trace ele-
ments in the granules is not less than – 
0.000001900 mg. The fertilizer is included in 
the State Register of Pesticides and Agrochemi-
cals Permitted for Use in Ukraine.

The scheme of the experiment contained the 
following variants: 1) control (without treat-
ment); 2) feeding in the phase of 4–6 leaves (after 
seedlings rooting); 3) feeding in the beginning 
of head formation; 4) feeding in 10–12 days after 
head formation; 5) feeding in the phase of 4–6 
leaves + the beginning of head formation; 6) fee-
ding in the phase of 4–6 leaves + 10–12 days 
af ter the beginning of head formation; 7) feeding 
in the phase of the beginning of head formation 
+ 10–12 days after the beginning of head forma-
tion; 8) feeding in the phase of 4–6 leaves + the 
beginning of head formation + 10–12 days after 
the beginning of head formation.

The predecessor of broccoli was potatoes. As 
a background for cultivation, a new complex 
mineral fertilizer Nitroamofoska-M in the norm 
of + N

54
P

108
K

132
 kg/ha was applied and ammo-

nium nitrate at the rate of N
60
 kg/ha. Broccoli 

cassette seedlings were planted in a permanent 
place at the age of 25 days, when the plants 
formed 3–4 true leaves in the third decade of 
April in prepared soil. Planting scheme – 60 × 
40 cm (41.6 thousand/ha of plants).

The estimated area of   the plot was 18 m2. The 
experiment was laid out in three repetitions, the 
placement of variants was systematic. The soil of 
the experimental field is dark gray podzolic 
light loam, characterized by average humus 
con tent (2.2–2.3%), weak-acid reaction of the 
soil solution (pH 6.5), content (in the 0–20 cm 
upper horizon) of easily hydrolyzed nitrogen was 
83–85 mg/kg, mobile phosphorus 92–96, ex-
changeable potassium – 96–98 mg/kg, magne-
sium – 0.55–0.68 mg-eq/100 g, mobile sulfur –
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2.13–2.35 mg/kg, manganese – 10.44–
12.58 mg/kg, zinc – 1.47–1.69 mg/kg, cobalt – 
0.60–0.67 mg/kg, copper – 0.16–0.19 mg/kg.

Bro ccoli growing technology is generally ac-
cepted for the conditions of the Western Forest-
Steppe of Ukraine. Phenological observations, 
biometric measurements and records were per-
formed in accordance with generally accepted 
methods in vegetable growing. Broccoli was 
harvested from each plot selectively with the 
onset of technical maturity (I–II decade of 
July) and determined the diameter and avera-
ge weight of heads. In the collected heads of 
broccoli, biochemical parameters were deter-
mined. Dry matter was determined by ther-
mogravimetric method – drying to constant 
weight, the amount of sugars – by Bertrand 
method, ascorbic acid (vitamin C) – by Murry 
method, nitrate content – by ionometric me-
t hod [10].

The experiments were carried out in accor-
dance with the methods of research in vegeta-
ble and melon growing [11]. Statistical process-
ing of the obtained research results was per-
formed by analysis of variance method using 
computer software Excel and Statistica 10.0.

Results and discussion
One of the main economic and valuable indi-

cators that confirm the advantage of a par-
ticular agro-technical measure is the yield of 
the commodity part and its quality indicators. 
In the studies, the quality of the yield of broc-
coli hybrids was determined by the average 
head diameter and average weight of the head 
(Tables 1 and 2).

It was found that the application of na-
nofertilizer «5 element» increased head di-
ameter of the hybrid ‘Batavia F

1
’ from 16.6 

(var. 2) to 18.3 cm (var. 8), while in the con-
trol this figure was 15.9 cm. ‘Batavia F

1
’ ex-

hibited the largest head weight (813 g) in the 
8th variant with three foliar fertilization 
with nanofertilizer in the phase of 4–6 leaves 
+ the beginning of head formation + 10–12 
days after the beginning of head formation. 
Slightly lower mean weight of heads (769 and 
763 g) was obtained in 7th and 5th variants 
of the experiment. In the control variant, 
mean weight of the head was 682 g, which 
was less than in 8 variant by 131 g, or 16.1% 
(Table 1).

Table 1
Yield of broccoli hybrid ‘Batavia F1’ depending on the application of nanofertilizer «5 element» 

(average for 2019–2020)

Variant Head 
diameter, cm

Head 
weight, g 

Yield, 
t/ha

Increase 
to control

t/ha %
1) Control – without treatment 15.9 682 28.3 – –
2) Feeding in a phase of 4–6 leaves 16.6 697 28.9 0.6 2.1
3) Feeding in the beginning of head formation phase 17.3 736 30.5 2.2 7.7
4) Feeding in 10–12 days after head formation 16.8 721 29.7 1.4 4.9
5) Feeding in phase 4–6 leaves + the beginning of head formation 17.7 763 31.6 3.3 11.7
6) Feeding in phase 4–6 leaves + 10–12 days after the beginning 
     of head formation 17.5 745 30.8 2.5 8.8
7) Feeding in the beginning of head formation phase + 10–12 days 
     after the beginning of head formation 17.9 769 31.9 3.6 12.7
8) Feeding in phase 4–6 leaves + the beginning of head formation 
     + 10–12 days after beginning of head formation 18.3 813 33.5 5.2 18.4

LSD
0.05

3.1 15.4 4.2 – –

The average head weight and diameter are 
closely related to the yield. The use of nanofer-
tilizer «5 element» in the form of foliar fee-
ding in different phases of the growing season 
of broccoli hybrid ‘Batavia F

1
’ increases the 

yield from 0.6 t/ha, or 2.1% (var. 2) to 5.2 t/ha, 
or 18,4% (var. 8), compared with the control 
without treatment. The high yield of broccoli 
hybrid ‘Batavia F

1
’ was obtained in 7th and 

5th variants of the experiment, respectively 
31.9 and 31.6 t/ha, the increase in yield was 
3.6 and 3.3 t/ha, respectively, or 12.7 and 
11.7%.

Based on the correlation analysis, a very 
strong correlation was revealed (r = 0.97) and 
the coefficient of determination R2 = 0.94 was 
obtained between the yield and the diameter of 
the broccoli head of the ‘Batavia F

1
’ hybrid 

with foliar application of nanofertilizer «5 ele-
ment» (Fig. 1). 

The diameter and weight of the head, as well 
as the yield of the hybrid ‘Orantes F

1
’ were 

higher compared to the hybrid ‘Batavia F
1
’, due 

to its biological features. The largest diameters 
of the head – 18.9 and 18.7 cm – were noted by 
foliar feeding with nanofertilizer «5 element» 
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in the phase of 4–6 leaves + the beginning of 
head formation + 10–12 days after the begin-
ning of head formation and in the phase of the 
beginning of head formation + 10–12 days after 
the beginning of head formation. Respectively, 
in the above-mentioned variants, the weight of 
the heads was 901 and 863 g, which is more 
than in the control (without treatment) by 166 
and 128 g, or 22.3 and 17.4% (Table 2).

The highest yield of broccoli (37.1 t/ha) in 
the hybrid ‘Orantes F

1
’ was noted for the ap-

plication of nanofertilizer «5 element» in the 
8th variant of the experiment, which is higher 
than in control by 6.6 t/ha, or 21.6%. Com-
pared with the ‘Batavia F

1
’ hybrid, the yield of 

this variant in the hybrid ‘Orantes F
1
’ was 

higher by 3.6 t/ha, or 9.7%.
High yield of broccoli in the hybrid ‘Oran-

tes F
1
’ – 35.7 and 35.1 t/ha was obtained by 

Fig. 1. Correlation between yield and diameter of broccoli heads of the hybrid ‘Batavia F1’ 
for «5 element» nanofertilizer application

foliar fertilization of nanofertilizer «5 ele-
ment» in the phase of the beginning of head 
formation + 10–12 days after the beginning of 
head formation (var. 7) and in phase of 4–6 
leaves + the beginning of head formation (var. 5), 
while for fertilization in the phase of 4–6 leaves 
(var. 2) it was 31.3 t/ha.

Correlation analysis showed a very strong 
correlation (r = 0.96) with a coefficient of de-
termination R2 = 0.93 between yield and head 
diameter of broccoli hybrid ‘Orantes F

1
’ with 

foliar application of nanofertilizer «5 element» 
(Fig. 2).

So, when using «5 element» nanofertilizer, a 
similar tendency to an increase in the yield of 
broccoli was observed in the ‘Batavia F

1
’ and 

‘Orantes F
1
’ hybrids according to the variants 

of the experiment with the approximation 
probability R2 = 0.88. However, the greatest 

Table 2
Yield of broccoli hybrid ‘Orantes F1’ depending on the application of nanofertilizer «5 element» 

(average for 2019–2020)

Variant Head 
diameter, cm

Head 
weight, g

Yield, 
t/ha

Increase to control
t/ha %

1) Control – without treatment 16.3 735 30.5 0 –
2) Feeding in a phase of 4–6 leaves 17.2 754 31.3 0.8 2.6
3) Feeding in the beginning of head formation phase 17.8 796 32.9 2.4 7.9
4) Feeding in 10–12 days after  head formation  17.5 771 32.2 1.5 5.6
5) Feeding in phase 4–6 leaves + the beginning of head formation 18.3 845 35.1 4.6 15.1
6) Feeding in phase 4–6 leaves + 10–12 days after the beginning 
     of head formation 17.9 812 33.6 3.1 10.2

7) Feeding in the beginning of head formation phase 
     + 10–12 days after the beginning of head formation 18.7 863 35.7 5.2 17.0

8) Feeding in phase 4–6 leaves + the beginning of head 
     formation + 10–12 days after beginning of head formation 18.9 901 37.1 6.6 21.6

LSD
0.05

3.5 17.6 5.0 – –
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R2 = 0,9495   r = 0,97
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agronomic efficiency in increasing the yield 
was found with foliar feeding with «5 element» 
nanofertilizer in the phase of 4–6 leaves + be-
ginning of head formation + 10–12 days after 
the beginning of head formation (Fig. 3).

The use of «5 element» nanofertilizer increased 
dry matter content, amount of sugars and vita-
min C in the heads of broccoli ‘Batavia F

1
’ 

and ‘Orantes F
1
’ hybrids. But the content of 

nitrates decreased with an increase in the 
number of foliar treatments with nanoferti-
lizer «5 element» (Tables 3 and 4).

The dry matter content in the ‘Batavia F
1
’ 

hybrid varied from 9.7% with foliar feeding 

Fig. 2. Correlation between yield and diameter of broccoli heads of the hybrid ‘Orantes F1’ 
for «5 element» nanofertilizer application
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Fig. 3. Productivity of broccoli ‘Batavia F1’ and ‘Orantes F1’ hybrids with the introduction 
of the «5 element» nanofertilizer
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‘Batavia F1’ ‘Orantes F1’

in the phase of 4–6 leaves to 10.6% with 
three single feeding in the phase of 4–6 
leaves + beginning of head formation + 10–
12 days after beginning of head formation. A 
slightly higher content of dry matter in the 
heads of broccoli was noted in the hybrid 
‘Orantes F

1
’ – from 10.4% (control) to 12.3% 

(variant 8).
The highest content of total sugars (3.9 and 

3.8%) in the heads of broccoli of the ‘Batavia F
1
’ 

hybrid was found in 8 and 5 variants of the 
experiment. Somewhat less – 3.5% – in the 
variant of foliar feeding with nanofertilizers 
in the phase of the beginning of head forma-
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tion + 10–12 days after the beginning of head 
formation (variant 7). It should be noted that 
the ‘Orantes F

1
’ hybrid had this indicator higher 

in all variants of the experiment in compari-
son with the ‘Batavia F

1
’ hybrid, however, the 

trend for variants remained.

Table 3
Influence of «5 element» nanofertilizer on the biochemical composition of broccoli hybrid ‘Batavia F1’

(average for 2019–2020)

Variant Dry matter, 
%

Sugars content, 
%

Vitamin Ñ,
mg/100 g

Nitrates, 
mg/kg of raw mass

1) Control – without treatment 9.6 3.0 79.2 277
2) Feeding in a phase of 4–6 leaves 9.7 3.2 80.3 275
3) Feeding in the beginning of head formation phase 9.8 3.3 81.1 264
4) Feeding in 10–12 days after  head formation  9.6 3.2 80.7 270
5) Feeding in phase 4–6 leaves + the beginning of head formation 10.3 3.8 82.9 249
6) Feeding in phase 4–6 leaves + 10–12 days after the beginning 
     of head formation 10.1 3.4 83.3 263
7) Feeding in the beginning of head formation phase 
     + 10–12 days after the beginning of head formation 10.4 3.5 83.5 251
8) Feeding in phase 4–6 leaves + the beginning of head 
     formation + 10–12 days after beginning of head formation 10.6 3.9 84.4 245

LSD
0.05

0.6 0.3 3.1 17.8

An important indicator of the quality of 
broccoli is the content of ascorbic acid. In the 
‘Batavia F

1
’ hybrid this indicator varied from 

80.3 to 84.4 mg/100 g, while in the control it 
was 79.2 mg/100 g. In the ‘Orantes F

1
’ hybrid, 

vitamin C content was high in all variants of 
the experimentm, compared to the ‘Batavia F

1
’ 

hybrid due to its biological characteris tics. 
The highest content of ascorbic acid 

(88.3 mg/100 g) in the heads of the ‘Orantes F
1
’ 

hybrid was revealed when feeding with a na-
nofertilizer in the phase of 4–6 leaves + be-
ginning of head formation + 10–12 days after 
the beginning of head formation (variant 8), 
which is 5.2 mg/100 g more in comparison 
with variant 2. In the control variant (with-
out feeding) this indicator was the lowest 
(82.4 mg/100 g).

Table 4
Influence of «5 element» nanofertilizer on the biochemical composition of broccoli cabbage, hybrid ‘Orantes F1’ 

(average for 2019–2020)

Variant Dry matter, 
%

Sugars content, 
%

Vitamin C, 
mg/100 g

Nitrates, 
mg/kg raw mass

1) Control – without treatment 10.1 3.8 82.4 261
2) Feeding in a phase of 4–6 leaves 10.4 3.9 83.1 256
3) Feeding in the beginning of head formation phase 10.5 4.2 84.5 254
4) Feeding in 10–12 days after head formation  10.2 3.8 84.2 252
5) Feeding in phase 4–6 leaves + the beginning of head formation 11.7 4.8 85.7 244
6) Feeding in phase 4–6 leaves + 10–12 days after the beginning 
     of head formation 11.4 4.3 85.6 250
7) Feeding in the beginning of head formation phase 
     + 10–12 days after the beginning of head formation 12.0 4.9 86.8 239
8) Feeding in phase 4–6 leaves + the beginning of head 
     formation + 10–12 days after beginning of head formation 12.3 5.1 88.3 238

LSD
0.05

0.7 0.5 3.9 16.1

The environmental safety of broccoli is cha-
racterized by such an important indicator as 
the content of nitrates. The studies revealed a 
tendency towards a decrease in the concentra-
tion of nitrates in broccoli heads with an in-
crease in the number of treatments with «5 ele-
ment». However, we note that the content of 
nitrates in the hybrid ‘Orantes F

1
’ was lower in 

all variants compared to the hybrid ‘Batavia F
1
’. 

The highest content of nitrates in the studied 

hybrids was found in the control variant (277 
and 261 mg/kg raw mass). It was determined 
that the content of nitrates in the heads of broc-
coli cabbage in all variants of the experiment 
did not exceed TLV (400 mg/kg raw mass).

Conclusions 
With an increase in the number of foliar 

treatments with nanofertilizer «5 element», 
the yield increased and the quality of broccoli 
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hybrids improved. It was revealed that the 
yield of the ‘Orantes F

1
’ hybrid in all variants 

of the experiment was higher, in comparison 
with the ‘Batavia F

1
’ hybrid.

When applying nanofertilizer «5 element» in 
three stages – foliar feeding in the phase of 4–6 
leaves + beginning of head formation + 10–12 
days after the beginning of head formation – 
we got the highest yield of broccoli in the hybrid 
‘Orantes F

1
’ – 37.1 t/ha, the increase in com-

parison to the control (without fertilizers) was 
6.6 t/ha, or 21.6%. The ‘Batavia F

1
’ hybrid had 

a yield of 33.5 t/ha, an increase in comparison 
to the control was 5.2 t/ha, or 18.4%.
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Ðîñëèííèöòâî

‘Batavia F
1
’ â³ä 16,6 (âàð. 2) äî 18,3 ñì (âàð. 8), òîä³ ÿê 

íà êîíòðîë³ öåé ïîêàçíèê ñòàíîâèâ 15,9 ñì. Íàéá³ëüøèé 
ä³àìåòð ãîëîâêè â ã³áðèäà ‘Orantes F

1
’ 18,9 òà 18,7 ñì â³ä-

çíà÷åíî çà ïîçàêîðåíåâîãî ï³äæèâëåííÿ íàíîäîáðèâîì 
«5 ålement» ó ôàç³ 4–6 ëèñòê³â + ïî÷àòîê ôîðìóâàííÿ 
ãîëîâêè + ÷åðåç 10–12 ä³á ï³ñëÿ ïî÷àòêó ôîðìóâàííÿ ãî-
ëîâîê òà ó ôàç³ ïî÷àòîê ôîðìóâàííÿ ãîëîâîê + ÷åðåç 10–
12 ä³á ï³ñëÿ ïî÷àòêó ôîðìóâàííÿ ãîëîâîê. Â³äïîâ³äíî ó 
âèùåçãàäàíèõ âàð³àíòàõ ìàñà ãîëîâîê ñòàíîâèëà 901 òà 
863 ã, ùî âèùå çà êîíòðîëü (áåç îáðîáêè) íà 166 òà 128 ã, 
àáî 22,3 òà 17,4%. Íàéâèùó âðîæàéí³ñòü êàïóñòè áðîêîë³ 
ã³áðèäà ‘Batavia F

1
’ îäåðæàíî ó 8 òà 7 âàð³àíòàõ äîñë³äó –

33,5 òà 31,9 ò/ãà â³äïîâ³äíî, ïðèð³ñò óðîæàþ ñòàíîâèâ 
â³äïîâ³äíî 5,2 òà 3,6 ò/ãà, àáî 18,4 òà 12,7%. Ó ã³áðèäà 
‘Orantes F

1
’ íàéá³ëüøó âðîæàéí³ñòü (37,1 ò/ãà) â³äçíà÷åíî 

çà âíåñåííÿ íàíîäîáðèâà «5 ålement» ó 8 âàð³àíò³ äîñë³-
äó, ùî âèùå çà êîíòðîëü íà 6,6 ò/ãà, àáî 21,6%. Ïîð³âíÿ-
íî ç ã³áðèäîì ‘Batavia F

1
’ óðîæàéí³ñòü íà öüîìó âàð³àíò³ 

ó ã³áðèäà ‘Orantes F
1
’ áóëà á³ëüøîþ íà 3,6 ò/ãà, àáî 9,7%. 

Ä³àìåòð òà ìàñà ãîëîâêè, à òàêîæ óðîæàéí³ñòü ó ã³áðèäà 
‘Orantes F

1
’ áóëè á³ëüøèìè, ïîð³âíÿíî ç ã³áðèäîì ‘Batavia F

1
’,

ùî çóìîâëåíî éîãî á³îëîã³÷íèìè îñîáëèâîñòÿìè. Âè-
ÿâëåíî ñèëüíèé êîðåëÿö³éíèé çâ’ÿçîê (r = 0,97 òà 0,96) 
ì³æ óðîæàéí³ñòþ òà ä³àìåòðîì ãîëîâêè êàïóñòè áðîêîë³ 
â ã³áðèä³â ‘Batavia F

1
’ òà ‘Orantes F

1
’. ßê³ñí³ ïîêàçíèêè êà-

ïóñòè áðîêîë³ (ñóõà ðå÷îâèíà, ñóìà öóêð³â òà â³òàì³í Ñ) 
ó ã³áðèäà ‘Orantes F

1
’ áóëè âèùèìè ïîð³âíÿíî ç ã³áðèäîì 

‘Batavia F
1
’. Âèÿâëåíî òåíäåíö³þ äî çìåíøåííÿ êîíöåí-

òðàö³¿ í³òðàò³â ó ãîëîâêàõ êàïóñòè áðîêîë³ ç³ çá³ëüøåí-
íÿì ê³ëüêîñò³ îáðîáîê íàíîäîáðèâîì «5 ålement». Êîí-
öåíòðàö³ÿ í³òðàò³â ó ã³áðèäà ‘Orantes F

1
’ áóëà ìåíøîþ â 

óñ³õ âàð³àíòàõ äîñë³äó, ïîð³âíÿíî ç ã³áðèäîì ‘Batavia F
1
’. 

Óì³ñò í³òðàòíîãî àçîòó â ãîëîâêàõ êàïóñòè áðîêîë³ â óñ³õ 
âàð³àíòàõ äîñë³äó íå ïåðåâèùóâàâ ÃÄÊ (400 ìã/êã ñèðî¿ 
ìàñè). Âèñíîâêè. Ç³ çá³ëüøåííÿì ê³ëüêîñò³ ïîçàêîðåíå-
âèõ îáðîáîê íàíîäîáðèâîì «5 ålement» ï³äâèùóâàëàñü 
óðîæàéí³ñòü òà ïîë³ïøóâàëàñÿ ÿê³ñòü ïðîäóêö³¿ ã³áðè-
ä³â êàïóñòè áðîêîë³. Âèÿâëåíî, ùî âðîæàéí³ñòü ã³áðèäà 
‘Orantes F

1
’ ó âñ³õ âàð³àíòàõ äîñë³äó áóëà  á³ëüøà, ïîð³â-

íÿíî ç ã³áðèäîì ‘Batavia F
1
’. Çà âíåñåííÿ íàíîäîáðèâà 

«5 ålement» ó òðè åòàïè – ïîçàêîðåíåâå ï³äæèâëåííÿ ó 
ôàç³ 4–6 ëèñòê³â + ïî÷àòîê ôîðìóâàííÿ ãîëîâêè + ÷åðåç 
10–12 ä³á ï³ñëÿ ïî÷àòêó ôîðìóâàííÿ ãîëîâîê –  îäåð-
æàëè íàéá³ëüøó âðîæàéí³ñòü êàïóñòè áðîêîë³ â ã³áðèäà 
‘Orantes F

1
’ – 37,1 ò/ãà, ïðèð³ñò äî êîíòðîëþ (áåç äîáðèâ) 

ñòàíîâèâ 6,6 ò/ãà, àáî 21,6%. Ó ã³áðèäà ‘Batavia F
1
’ óðî-

æàéí³ñòü ñòàíîâèëà 33,5 ò/ãà, ïðèð³ñò äî êîíòðîëþ –             
5,2 ò/ãà, àáî 18,4%.

Êëþ÷îâ³ ñëîâà: êàïóñòà áðîêîë³; ã³áðèä; íàíîäîáðèâî 
«5 ålement»; óðîæàéí³ñòü; ÿê³ñí³ ïîêàçíèêè.
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