UDC 633.15: 631.81.095.337: 631.816.35 https://doi.org/10.31867/2523-4544/0341

EFFICIENCY OF MACRO- AND MICROELEMENTS IN FOLIAR FEEDING OF MAIZE

V. H. Moldovan, Zh. A. Moldovan
Khmelnytskyi State Agricultural Experimental Station of the Institute of Feed Research and Agriculture of Podillia
of NAAS, Samchyky village, Khmelnytskyi district, Khmelnytskyi region, 31182, Ukraine

Topicality. For optimal development and yield formation, maize requires macronutrients, not only
nitrogen, phosphorus and potassium, but also sulphur and magnesium, as well as microelements such as bo-
ron, manganese, copper and zinc. Even a small demand in these elements is essential for the plant growth
and development. Purpose. Studying the effectiveness of the application of individual macro- and microele-
ments for foliar feeding of maize, their effect on the formation of biometric parameters of the ear, yield
attributes and grain yield in the Western Forest-Steppe of Ukraine. Materials and Methods. In a two-factor
experiment, the impact of macronutrients (magnesium and sulphur) and microelements (boron, manganese,
copper, zinc) in the form of highly concentrated liquid fertilisers used for foliar feeding in 5-6 and 8-9 leaf
stages of maize for early-ripening hybrids DN Aton and mid-early hybrid DN Astra was studied. Results. It
was established that foliar feeding with macro- and microelements had a positive effect on the formation of
biometric parameters of the ear and yield attributes. In particular, in the early-ripening hybrid DN Aton, the
grain weight per ear increased by 1.7-12.2 %, the 1000 grain weight — by 2.6-7.8 %, the grain yield per ear —
by 0.5-2.2 % in the experimental variants compared to the control. These indicators increased by 2.2-15.4 %,
2.4-11.3 % and 1.2-2.9 %, respectively, in the mid-early hybrid DN Astra. Variation of the number of pro-
ductive ears and yield attributes over the years of research definitely had an impact on the formation of
grain yield of maize hybrids. Over the years of research, the average grain yield of the early-ripening hybrid
DN Aton was 9.00-9.40 t/ha, and the mid-early hybrid DN Astra was 9.11-9.88 t/ha. All macro- and micro-
elements used in the research provided a significant increase in grain yield compared to the control, namely
DN Aton had an increase in yield of 0.29-0.72 t/ha or 3.2-8.0 % and DN Astra — 0.32-0.77 t/ha or 3.5-8.4 %.
Conclusions. The macro- and microelements used for foliar feeding of maize have a positive effect on the
formation of biometric parameters of the ear and yield attributes, as well as increase the number of produc-
tive ears and grain yield. Zinc has the greatest impact on the formation of the above indicators. Boron, mag-
nesium and manganese were the least effective in maize crops.

Key words: maize, hybrid, macronutrients, micronutrients, feeding, biometric indicators, yield
attributes, yield

Introduction. In the development of creases in this stage. [1].

maize (Zea mays L.) plants, there are two im-
portant critical stages in terms of macro- and
microelements availability for their growth: the
3-5 and 7-8 leaf stages. In the initial period (be-
fore the formation of the first aboveground
node), maize grows very slowly, its root system
is poorly developed and unable to intensively
absorb nutrients from the soil. Therefore, maize
plants need to be provided with manganese, zinc
and boron to stimulate the growth of the root
system. Plant growth is intensive in the next
critical stage of maize (7-8 leaves). Improving
mineral nutrition during this period increases
the grain content of the ears and improves grain
quality. The demand for microelements such as
zinc, manganese, boron, and copper also in-

Author information:

The full absorption of essential nutrients
(nitrogen, phosphorus and potassium) by plants
is fundamentally impossible without micronut-
rients. Lack of micronutrients disrupts the me-
tabolism and physiological processes in plants.
Microelements contribute to the synthesis of a
full range of enzymes in plants, which allow for
more intensive consumption of energy, water
and microelements. Only a balanced application
of fertilisers containing microelements can en-
sure that the seeds are able to produce the max-
imum vyield of the quality that is genetically inhe-
rent in them. Lack of microelements in availab-
le form in the soil leads to a decrease in the rate
of processes responsible for plant development.
Ultimately, it results in losses in yield and its
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grade, as well as unsatisfactory organoleptic
properties [2].

Given that in most cases, soil reserves of
available microelements are insufficient to pro-
vide plants with them in the required quantities,
or for certain reasons they are not readily avai-
lable to plant root systems, there is a need for
the additional microelements application. The
most effective is the introduction of microele-
ments by foliar feeding with micronutrients in
the form of chelates [3].

Liquid fertilisers are used for foliar fee-
ding, the range of which is growing annually.
Their effectiveness in crop cultivation technolo-
gies is quite high, regardless of the application
method. This is substantiated by a number of
scientific studies and is explained by the fact
that the increase in yields and improvement of
product quality significantly exceeds the in-
crease in production costs per hectare of crops.
In particular, the application of microfertilisers
for foliar feeding of maize in the Western and
Left-Bank Forest-Steppe of Ukraine contributes
to more intensive growth and development of
plants, improvement of biometric parameters
and yield attributes, as well as higher yields and
profitability [4-7].

The expediency of applying complex mic-
rofertilisers for foliar feeding of maize in the 4
and 8 leaf stages was established on dark grey
podzolic soils of the Left-Bank Forest-Steppe,
as well as the regularities of changes in the pro-
tein, starch and fat content in grain from the ap-
plied fertilisers were revealed [8].

The application of complex fertilisers
based on microelements on ordinary low-humus
chernozems in the Northern Steppe of Ukraine
contributed to an increase in the leaf area, grain
content of the ear and productivity of maize
plants, but at the same time certain technologi-
cal features regarding the spraying dates of
crops were observed. Spraying of maize plants
in the 6-8 leaf stage resulted in an increase in
the lower ear insertion height, the number of
ears per 100 plants and grain yield, but the im-
pact on production profitability was insignifi-
cant [9-11].

Microfertilisers applied on irrigated dark
chestnut soils of the Southern Ukraine had a
positive effect on growth processes, ear inser-
tion height and assimilation area in certain sta-
ges of development, duration of interstage peri-
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ods and grain yield of maize hybrids of different
maturity groups [12, 13].

Research conducted in different soil and
climatic zones involved the study of complex
liquid fertilisers containing several microele-
ments. Scientists have conducted research on
the effectiveness of individual microelements,
in particular zinc. Zinc-containing fertilisers
used in growing maize for grain increased plant
height, leaf area, ear insertion height, structural
elements, yield and grain quality. [10, 11, 14-17].

The research was aimed at studying the
effectiveness of the use of individual macro-
and microelements in the form of highly con-
centrated liquid fertilisers for foliar feeding of
maize, their impact on the formation of bio-
metric parameters of the maize ear, yield attri-
butes and grain yield in the Western Forest-
Steppe of Ukraine.

Materials and Methods. The research
was carried out at the Khmelnytskyi State Agri-
cultural Experimental Station of the Institute of
Feed Research and Agriculture of Podillia of
NAAS during 2021-2023. The soil of the expe-
rimental plot is podzolized medium loamy low
humus chernozem slightly washed out on loess-
like loam of brownish-pale colour, with a fine
nutty structure. The soil is viscous in the wet
condition. The soil is well saturated with soil
matrix — 39.8-42.0 mg-eq. per 100 g of soil,
with hydrolytic acidity of 1.8-2.7 mg-eq. per
100 g of soil. The humus content (according to
Tyurin) is 3.2 %. The soil is medium well sup-
plied with nutrient forms: easily hydrolysable
nitrogen content is 14.4-16.6, mobile phospho-
rus is 11.0-12.0, and exchangeable potassium is
7.8-8.0 mg per 100 g of soil.

Technology of maize cultivation was ge-
nerally accepted for the Western Forest-Steppe
zone of Ukraine, except for the factors studied.
After harvesting the predecessor (soybean),
stubble was ploughed to a depth of 6-8 cm and
the primary tillage (ploughing) was carried out
to a depth of 25-27 cm. Spring tillage began
with harrowing, followed by two cultivations:
the first to a depth of 10-12 cm, and the second
(pre-sowing) to the depth of seed placement.
Mineral fertilisers NagPssKag were introduced
under presowing cultivation. Sowing of the ear-
ly-ripening hybrid DN Aton and the mid-early
hybrid DN Astra was carried out with the SU-12
seeder at the optimal dates for the region (in the
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third ten-day period of April) with the planned
pre-harvest plant density of 90,000 and 85,000
plants/ha, respectively. Feeding of maize plants
was carried out in the 5-6 and 8-9 leaf stages
according to the experimental design.

In the research, we used domestically pro-
duced formulations, namely highly concentrated
liquid fertilisers: Chimic Bor (B — 150 ¢/l (in the
form of boron-ethanolamine), N — 50 g/l);
Oracul chelate magnesium (MgO - 82 g/l, N —
39 g/l, SOz — 165 g/l); Chimic Manganese (Mn
— 60 g/l); Chimic Cu (65 g/l); Chimic S (SO3 —
200 g/l; N — 100 g/l); Chimic Zinc (Zn — 85 g/l,
N — 45 g/l, carbonic acid lots — 220 g/l).

Research methods: field trial was used to
determine the response of maize plants to the
studied factors; morphophysiological — to de-
termine biometric parameters of plants; calcula-
tion and weighting — to establish parameters of

plant structure and productivity; mathematical
and statistical — to establish the reliability of the
results of field experiments.

Results. According to scientific evidence,
the productivity of maize hybrids is ensured by
their biological properties to respond positively
to weather factors in the cultivation area and the
level of mineral nutrition. In our experiments,
the sowing — seedling period was 8-10 days in
2021 under conditions of sufficient moisture
supply, in 2022 it increased to 14-16 days, in
2023 the lack of precipitation and productive
moisture in the topsoil resulted in its increase to
14-20 days. However, the intensive growth and
development of maize plants in the early stages
in 2021 under conditions of sufficient moisture
supply was held back by rather low air and soil
temperatures, their significant fluctuations in
minimum and maximum values (Table 1).

Table 1. Weather conditions for the growing season 2021-2023

Month Growing
Year May | June | July | August | September | October season
Average daily air temperature, °C
2021 15.8 22.0 25.2 20.7 13.8 7.9 17.6
2022 16.2 22.4 22.0 22.1 13.6 11.1 17.9
2023 17.2 20.6 22.4 23.9 19.0 11.8 19.2
Average for
19602020 13.6 18.4 19.3 18.6 134 7.4 15.1
Total precipitation, mm
2021 188.6 58.2 349.2 166.5 71.2 0.7 834.4
2022 55.4 63.1 93.2 153.2 206.8 79.1 650.8
2023 9.9 126.2 295.4 454 9.2 74.4 560.5
Average for
1960-2020 70.1 107.4 129.9 89.8 62.4 46.6 506.2
Hydrothermal coefficient

2021 3.84 0.88 4.48 2.59 2.72 0.28 2.46
2022 1.10 0.94 1.36 2.24 5.08 2.29 2.17
2023 0.19 2.04 4.25 0.61 0.16 2.00 1.55
Average for
19602020 1.61 1.93 2.16 1.58 1.56 2.03 181

The high amount of precipitation in July
and August 2021 and 2023 contributed not only
to the growth of vegetative mass, but also to the
formation of ears and grain filling. In 2022, the
intensive growth of vegetative mass and the
formation of ears occurred under increased ave-
rage daily air temperature and significantly lo-
wer precipitation compared to the average long-
term data.

During the years of research, maize grain
ripening occurred under rather different hydro-
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thermal conditions. Thus, a decrease in the av-
erage daily air temperature in September in
2021 from 15.0 °C in the first ten-day period to
10.0 °C in the third ten-day period, against the
background of a sufficiently high amount of
precipitation, restrained grain ripening. Maize
ripening occurred with a fairly high amount of
precipitation and a gradual decrease in the ave-
rage daily air temperature in September 2022. It
is worth noting that rainfall in September was
observed for 16 days, and in the period from 18
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to 24 September it rained every day.

At the same time, the conditions for maize
grain ripening were the most favourable in 2023
among all the years of research. The absence of
precipitation in September with a significant rise in
the average daily air temperature (+ 5.6 °C to
the long-term average) significantly hastened
the ripening of maize grain and contributed to a
decrease in its moisture content.

The best conditions for emergence of
seedlings were in 2021, the worst — in 2023.
Hydrothermal conditions during the periods of
growth and development of maize plants, for-
mation of ears, grain filling in the years of re-
search were generally favourable due to suffi-
cient rainfall, but uneven distribution and rather
high average daily air temperature. The best
conditions for maize grain ripening were in
2023, and the worst were in 2022. The growing
season of the early-ripening hybrid DN Aton
was 120 days in 2023, and the mid-early hybrid
DN Astra — 132 days, while in 2021 it was 114
and 134 days, and in 2022 — 128 and 137 days,
respectively.

In 2021-2023, observations showed that
foliar feeding with macro- and microelements
affected the formation of biometric parameters
of ears and yield attributes of maize hybrids. At
the same time, they also varied over the years of
research. In particular, the early-ripening hybrid
DN Aton formed the smallest ear length (16.5—
17.5 cm) in 2022, while the largest (18.4—
19.8 cm) — in 2023. The number of grain rows
per ear decreased from 16-18 in the first two
years of research to 14 in 2023. The number of
grains per row varied from 39 to 43 in 2021, and
from 38 to 41 in the following two years. The
highest grain weight per ear (160.1-184.8 Q)
and 1000 grain weight (301.0-316.3 g) were
obtained in 2023, while the lowest values were
in 2021 — 133.0-146.0 g and 189.7-209.3 g, res-
pectively. In 2021 and 2022, the grain yield per
ear was 80.0-82.9 % and 81.5-83.0 %, respec-
tively, while in 2023 it increased to 83.7—
85.8 %.

The mid-early hybrid DN Astra had the
longest ear length of 19.7-22.6 cm in 2021, and
the shortest (17.2-18.5 cm) in 2022. In the first
two years of research, an average of 14 rows
was formed on the ear, while in the third year of
research their number decreased to 12 rows. The
largest number of grains per row was 4046 in
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2021, while in the following years it decreased
to 37-40 and 36-42, depending on the variant of
foliar feeding. The highest grain weight per ear
(143.9-167.5 g) and 1000 grain weight (310.0—
340.6 g) were obtained in 2023, while the lo-
west grain weight per ear (127.3-149.3 g) was
in 2022, and the lowest 1000-grain weight
(234.6-260.9 g) was obtained in 2021. The
grain yield per ear was the lowest (79.3-81.5 %)
in 2022, and the highest (84.4-88.2 %) in 2023.

According to the results of 3-year studies,
we conclude that foliar feeding with microele-
ments in the 5-6 and 8-9 leaf stages increased
the ear length of the early-ripening hybrid DN
Aton by 0.3-1.1 cm or 1.7-6.2 %, and the ear
length of the mid-early hybrid DN Astra by 0.5-
2.0 cm or 2.8-11.0 % compared to the control
(Table 2).

The number of grain rows per ear under
foliar feeding with microelements in the early-
ripening hybrid DN Aton was constant, while it
increased by 2 rows in the mid-early hybrid DN
Astra compared to the control. The number of
grains per row was 38-42 in the early-ripening
hybrid DN Aton and 38-43 in the mid-early hy-
brid DN Astra. Compared to the control, the
grain weight per ear and 1000 grain weight also
increased. In particular, the grain weight per ear
in the early-ripening hybrid DN Aton increased
from 144.6 g (in the control) to 147.1-162.3 ¢
(with foliar feeding) or by 1.7-12.2 %, and the
1000 grain weight from 238.2 g to 244.5-
256.9 g or by 2.6-7.8 %, respectively.

In the mid-early hybrid DN Astra, foliar
feeding with microelements increased the grain
weight per ear from 137.4 g (control) to 140.4—
158.6 g (foliar feeding) or by 2.2-15.4 %. The
1000-grain weight increased from 268.0 g to
274.5-298.2 g, or by 2.4-11.3 %. The grain
yield per ear increased by 0.5-2.2 % in the ear-
ly-ripening hybrid DN Aton, and by 1.2-2.9 %
in the mid-early hybrid DN Astra compared to
the control.

Thus, the highest number of productive
ears per 100 plants, grain weight per ear and
1000 grain weight in both maize hybrids was
provided by zinc when used for two-time foliar
feeding of crops in the form of a liquid highly
concentrated fertiliser Chimic Zinc. In particu-
lar, the grain weight per ear increased by an av-
erage of 12.2 % in the early-ripening hybrid
Aton, by 15.4 % in the mid-early hybrid DN

https://doi.org/10.31867/2523-4544/0341 267



Table 2. Biometric characteristics of the ear and yield attributes, (2021-2023)

Ear Number l(;lfugmrl;ienr Grain Grain 1000
Foliar feeding (factor B) length, of grain per row weight | yield per grain

cm row, pcs. ocs. " | perear,g | ear,% | weight, g

DN Aton (factor A)
Control (no fertilisers) 17.6 16 38 144.6 81.7 238.2
Chimic Bor, 1.5 I/ha 17.9 16 39 147.1 82.2 244.5
Oracul Mg chelate, 2.0 I/ha 17.9 16 39 150.4 82.6 246.8
Chimic Manganese, 3.0 I/ha 18.2 16 39 152.8 82.7 251.1
Chimic Cu, 1.0 I/ha 18.2 16 40 156.1 83.1 253.2
Chimic S, 0 I/ha 18.6 16 40 158.4 83.6 255.2
Chimic Zinc, 1.5 I/ha 18.7 16 42 162.3 83.9 256.9
DN Astra

Control (no fertilisers) 18.1 12 38 137.4 81.4 268.0
Chimic Bor, 1.5 I/ha 18.1 14 39 140.4 82.6 274.5
Oracul Mg chelate, 2.0 I/ha 18.6 14 39 144.0 83.0 2775
Chimic Manganese, 3.0 I/ha 19.0 14 40 146.7 83.0 283.2
Chimic Cu, 1.0 I/ha 19.1 14 40 151.7 83.5 288.6
Chimic S, 0 I/ha 19.3 14 41 154.6 83.9 292.7
Chimic Zinc, 1.5 I/ha 20.1 14 43 158.6 84.3 298.2

Astra, the 1000 grain weight — by 7.8 and 11.3 %,
the grain yield per ear — by 2.2 and 2.9 %, res-
pectively.

Varying the number of productive ears
and the yield attributes by years of research cer-
tainly influenced the formation of grain yields
of maize hybrids. According to the results of
records and calculations, the lowest grain yield
of maize hybrids was formed in 2022, which
was 8.76-9.46 t/ha for the early-ripening hybrid
DN Aton, and 8.65-9.39 t/ha for the mid-early
hybrid DN Astra. Both maize hybrids formed
the highest yields of 9.37-10.08 t/ha and 9.28—
10.05 t/ha, respectively, in 2023, depending on
the variant of foliar feeding with macro- and
microelements. It should be noted that the early-
ripening hybrid DN Aton was inferior to the

mid-early hybrid DN Astra in terms of grain
yield only in 2021. In the next two years of re-
search, the early-ripening hybrid DN Aton was
superior in terms of yield to the mid-early hyb-
rid DN Astra.

On average, over the years of research, the
grain yield due to foliar feeding of early-
ripening hybrid DN Aton was 9.0-9.40 t/ha, and
the mid-early hybrid DN Astra — 9.11-9.88 t/ha.
All macro- and microelements under study pro-
vided a significant increase in yield compared to
the control, namely, when plants of the early-
ripening hybrid DN Aton were fertilised, the
increase was 0.29-0.72 t/ha or 3.2-8.0 %, and
of the mid-early hybrid DN Astra — 0.32—
0.77 t/ha or 3.5-8.4 % (Table 3).

Table 3. Grain yield of maize hybrids of early-ripening groups depending
on foliar feeding with macro- and microelements
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. . Yield, t/ha +1to
Foliar feeding (factor B) 2021 2022 2023 average control, %
1 2 3 4 5 6
DN Aton (factor A)

Control (no fertilisers) 8.87 8.76 9.37 9.00 -
Chimic Bor, 1.5 I/ha 9.20 9.03 9.64 9.29 3.2
Oracul Mg chelate, 2.0 I/ha 9.24 9.09 9.71 9.35 3.9
Chimic Manganese, 3.0 I/ha 9.29 9.13 9.74 9.39 4.3
Chimic Cu, 1.0 I/ha 9.39 9.22 9.87 9.49 5.4
Chimic S, 0 I/ha 9.47 9.33 9.96 9.58 6.4
Chimic Zinc, 1.5 I/ha 9.61 9.46 10.08 9.72 8.0
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Table 3 continuation

1 | 2 | 3 | 4 5 6
DN Astra

Control (no fertilisers) 9.39 8.65 9.28 9.11 -
Chimic Bor, 1.5 I/ha 9.76 8.93 9.60 9.43 35
Oracul Mg chelate, 2.0 I/ha 9.81 9.01 9.64 9.49 4.2
Chimic Manganese, 3.0 I/ha 9.86 9.04 9.66 9.52 4.5
Chimic Cu, 1.0 I/ha 9.96 9.14 9.77 9.62 5.6
Chimic S, 0 I/ha 10.07 9.23 9.88 9.73 6.8
Chimic Zinc, 1.5 I/ha 10.21 9.39 10.05 9.88 8.4
2021 A —0.05 B-0.10 AB-0.14
LSDgs 2022 A-0.12 B-0.17 AB-0.24
2023 A -0.10 B-0.15 AB —0.22

According to the results of the mathemati-
cal processing, it was found that the increase in
yields of both hybrids between variants of foliar
feeding with individual macro- and microele-
ments (factor B), namely magnesium, boron and
manganese, was within the statistical error com-
pared to the control.

Thus, among the macro- and microele-
ments for foliar feeding, the least effective was
boron in the form of liquid highly concentrated
fertiliser Chimic Bor (1.5 I/ha), where the in-
crease in grain yield in the early-ripening hybrid
DN Aton was 0.29 t/ha or 3.2 %, and in the
mid-early hybrid DN Astra — 0.32 t/ha or 3.5 %.

The greatest increase in yields of both
maize hybrids under study was formed when
using the microelement zinc for foliar feeding in
the form of liquid highly concentrated fertiliser
Chimic Zinc (1.5 1/ha) — 0.72 t/ha or 8.0 % and
0.77 t/ha or 8.4 %, respectively.
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Monoosan B. I'., Monoosan K. A. E¢hekmuenicmo 6uKopucmanua MaKpo- ma Mikpoeiemenmie y no3ako-
penesomy nidxcusneHHi KyKypyosu. 3eprogi kyremypu. 2024. 8 (2). 264-270.

Xmenvruyvka OepawcasHa citbCbKo2ocnodapcvka 00caiona cmanyis Incmumymy Kopmie ma ciibCbKo20 20Cno0apcmead
Hooinna HAAH, c. Camuuxu, Xmenvruysvkuil pation, XmenvHuyvka obracme, 31182, Vrpaina

AkTyansHicTb. KyKypy/3a Ui onTHMAIEHOTO PO3BHTKY Ta ()OPMYyBaHHS BPOXKal0 MOTpeOye 3 Mak-
pOEeMeHTIB He JuIe a3oT, pochop Ta Kalil, ane i Cipky Ta MarHiid, 3 MikpoeJleMeHTiB — 00p, MapraHelb,
Migb Ta nuHK. [loTpeba B muX eneMeHTax HEBeNMKa, OJJHAK BOHHM BKpail HEOOXiJHI UL pOCTY Ta PO3BUTKY
pociuH. MeTta pocainkens. BuBueHHS e(DeKTHBHOCTI BUKOPHUCTAHHS OKPEMHUX MaKpoO- Ta MIKpPOEIEMEHTIB
JUISl I03aKOPEHEBOT0 i HKUBJICHHS KyKYPY/I3H, iX BIUTMBY Ha (popMyBaHHS O10METPUYHHX MMOKA3HHUKIB Kayda-
Ha, €JIEMEHTIB CTPYKTYPHU Ta ypOXKaiHOCTI 3epHa B yMoBax 3axigHoro Jlicocremy. Marepianau i metonu. Y
TBO(QAKTOPHOMY JOCHTINI BUBYAIHM TiOpuan KyKypya3u panHbocturnuii [IH ATon Ta cepennwopanniii J|H
Acrtpa; MakpoeneMeHTH (MarHiii Ta cipka), MikpoereMeHTH (00p, MapraHenb, Mijib, IIUHK) Y BUIJISIII BUCO-
KOKOHIIEHTPOBaHHX PiAKHX JIOOPHUB, SIKi 3aCTOCOBYBAIMCS JUISl TI03aKOPEHEBOTO IMiPKUBICHHS KYKYpPYA3H Y
¢dazu 5-6 ta 8-9 mmctkiB. Pe3yapTaTu. BeTaHoBNEHO, 110 TTO3aKOPEHEBI ITiHKUBICHHS MaKpo- Ta MiKpoee-
MEHTaMH ITO3UTUBHO BIUIMBAIIM HA (OpMyBaHHS 010METPHYHMX MOKA3HHUKIB Ka4aHa Ta €JIEMEHTIB CTPYKTYpH
BpoXkaro. 30kpema, y paHHbocturioro riopuaa JIH AtoH, Maca 3epHa 3 OJHOrO KadyaHa 30UIbIIyBajacs y
BapiaHTax pociiny Ha 1,7-12,2 %, maca 1000 3epuun — Ha 2,6—7,8 % , Buxijn 3epHa 3 kauaHa — Ha 0,5-2,2 %
MOPIBHIHO 3 KOHTpoJieM. Y cepeaHbopaHHboro riopuaa JIH Actpa 1i nokasuuku 3pocranu Ha 2,2—-15,4 %,
2,4-11,3 % 1a 1,2-2,9 % BianoBigHo. BapitoBaHHS KUNBKOCTI MPOJAYKTHBHUX Ka4aHiB i TOKa3HUKIB CTPYKTY-
PH BpOXKaIO 32 POKaMH JIOCTiKeHb, 0€3yMOBHO, BILUTUBAIO i HA (OPMYBaHHS YPOKalHOCTI 3epHa riOpHIiB
KyKypya3Hu. Y cepelHbOMY 3a POKH JOCIiIKEeHb, YpOKalHICTh 3epHa y paHHbocTurioro riopuna IH Aton
cranosuna 9,00-9,40 1/ra, y cepeanbopannboro riopuna IH Actpa — 9,11-9,88 1/ra. Yci makpo- Ta Mikpo-
€JIEMEHTH, 1[0 BUKOPUCTOBYBAIN B JIOCII/PKEHHX, 3a0€3MeUMIH iICTOTHHH MPUPICT YPOKAWHOCTI TIOPiBHSHO
3 KOHTpOJIEM, a came npu BupouryBaHHi riopunis IH Aron — 0,29-0,72 1/ra a6o 3,2-8,0 % i JJH Actpa —
0,32-0,77 1/ra a6o 3,5-8,4 %. BucHoBKM. 3aCTOCYBaHHSI MakpO- Ta MIKpOEIEMEHTIB ISl TI03aKOPEHEBOTO
Mi/PKUBJICHHST KYKYpYA3W IO3UTUBHO BIUIMBaE Ha (opMyBaHHS OIOMETPHYHMX TIOKAa3HUKIB KadaHa Ta
CJIEMEHTIB CTPYKTYPH BpPOXKal0, CIPHSE 30LIbIICHHIO KUIBKOCTI NPOJAYKTUBHUX KauyaHIB 1 MiBUIICHHIO
ypoxaitHocTi 3epHa. Haiibinpiie BmimBae Ha (opMyBaHHS BHILEBKAa3aHUX IMMOKa3HHWKIB LUUHK. HalimeHmn
edeKTHBHUM OYJI0 3aCTOCYBaHHS Ha MOCIBaX KyKypyA3H OOpY, MarHito Ta Maprasiio.

Kniouosi cnosa: xyxypyosa, 2iopud, makpoenemenmu, MiKpoeiemenmu, nioxHcueients, 0iomempuymi
NOKA3HUKU, eleMeHmu CIpYKmypu, Yporcaunicmy
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