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FORMATION OF BIOMETRIC INDICATORS OF MAIZE EAR UNDER
THE INFLUENCE OF FOLIAR FEEDING AND WEATHER CONDITIONS

Zh. A. Moldovan, V. H. 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 high maize yields, the maintenance of sufficient nitrogen levels during key stages of
crop growth and development is critical. Split nitrogen application optimises plant nutrition and reduces
unproductive losses. Purpose. Study of the influence of foliar feeding of maize with urea or its tank mixtures
with sulphur on the formation of biometric indicators of ears short-season maize hybrids in the Western
Forest-Steppe of Ukraine. Materials and methods. Two-factor experiment studied early-ripening maize hyb-
rid DN Aton and mid-early hybrid DN Astra; variants of foliar feeding with urea and highly concentrated
liquid sulphur fertiliser Chimic S in stages 5-6 and 8-9 leaves. Results. The research showed that biometric
indicators of maize ears were significantly influenced not only by foliar feeding, but also by weather condi-
tions during the growing season during the years under study. On average, the maize ear length under vari-
ous foliar feeding variants increased by 1.2-4.1 % in the early-ripening hybrid DN Aton and by 1.7-6.8 % in
the mid-early DN Astra compared to the control during the years of research. Foliar feeding with urea con-
tributed to an increase in grain weight per ear in the early-ripening hybrid DN Aton by 6.5-18.2 % and in
the mid-early DN Astra by 7.0-23.9 %, the 1000-grain weight by 3.1-10.9 % and 3.7-13.0 %, and the grain
content of the ear by 6.7-13.9 % and 6.0-20.0 %, respectively. The addition of sulphur in the form of a high-
ly concentrated liquid fertiliser Chemic S to urea resulted in an additional increase in grain weight per ear
in the early-ripening hybrid DN Aton by 3.3—4.4 % and in the mid-early DN Astra by 1.3-4.8 %. The 1000-
grain weight increased by 2.1-2.2 and 1.9-2.3 %, respectively, and the ear grain content increased by 0.8—
3.9 and 1.3-2.4 % compared to the control. Conclusions. The most effective feeding was double treatment of
maize with urea in combination with highly concentrated liquid sulphur fertiliser Chemic S in the 5-6 and 8-
9 leaf stages, which increased the ear length of early-ripening hybrid DN Aton by 5.3 %, mid-early hybrid
DN Astra — by 10.2%, ear grain content — by 16.0 and 22.9 %, grain weight per ear — by 22.1 and 27.8 %,
and 1000-grain weight — by 13.2 and 15.2%, respectively.

Key words: maize, hybrid, feeding, urea, sulfur, ear length, grain weight, 1000-grain weight.

Introduction. Maize (Zea mays L.) forms
a large amount of biomass, therefore, among
grain crops; it requires a higher rate of nutrient
availability. During the growing season, maize
consumes a large amount of nutrients from the
soil. The nutrients can be conditionally divided
into the following groups: 6 macroelements, 6
microelements, and 12 additional elements that
are part of the chemical composition of the
plant. Macroelements play a special role in the
formation and functioning of cells and tissues
and required by the plant organism in the largest
quantities. These include nitrogen, phosphorus,
potassium, sulphur, calcium, and magnesium.
Thus, different early-ripening maize hybrids
consume an average of 24-32 kg of nitrogen,
10-14 kg of phosphorus, 25-35 kg of potassi-
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um, 6-10 kg of magnesium, and 6-10 kg of
magnesium and calcium, and 3-4 kg of sulphur
from the soil and fertilisers to produce 1 tonne
of grain with the corresponding amount of stems
and leaves [1, 2].

Studies conducted in various soil and cli-
matic zones have shown that of all macroele-
ments, nitrogen, which plants consume from
seedling to full grain maturity, has the greatest
impact on the growth and development rates of
maize hybrids, as well as on yield and quality.
However, this consumption is uneven through-
out the development stages.

Thus, at the beginning of growth, nitrogen
assimilation by maize plants is insignificant (3—
5 %). Starting from 6-8 leave stages, nitrogen is
intensively absorbed by plants, and its consump-
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tion from the 8-leaf stage to the stage of drying
of the flower columns (pistils) on the ears ac-
counts for 85 % of the total amount of nitrogen.
Therefore, in order to develop a proper nitrogen
nutrition system for maize, the dynamics of nit-
rogen consumption by plants must be under-
stood [3-5].

The study found that providing plants with
nitrogen during key stages of growth and deve-
lopment is important for achieving high maize
yields. Splitting the nitrogen application into se-
veral doses can optimise plant nutrition and reduce
non-productive losses. According to M. I. Dudka,
foliar feeding of maize plants in the arid condi-
tions of the Steppe zone is an effective method
of fertilisation, which increases the availability
of nutrients — macro- and microelements — and
stimulates better absorption of nutrients from
the soil [6-9].

Among nitrogen fertilisers, urea is the best
for foliar feeding because it has high nitrogen
content and is easily converted into ammonia in
the soil. Urea releases nitrogen slowly, continu-
ously and evenly, which allows the plant to be
supplied with this macroelement at all stages of
development, including the late stages, which
affects the grain quality..

In particular, studies conducted at the
Erastivka Research Station of the State Enter-
prise Institute of Grain Crops of NAAS showed
that spraying crops in the 5-6 leaf stage with
urea (10 kg/ha) resulted in a 7.7 % increase in
leaf area, and in the 8-9 leaf stage (20 kg/ha) —
by 12.8 % compared to the control. An increase
in plant height and ear insertion height was also
noted. Feeding also contributed to an increase in
the number of ears per 100 plants and a signifi-
cant increase in grain yield — by 0.20 t/ha and
0.24 t/ha, respectively, on average across all
nutrition backgrounds [10].

In the northern part of the Steppe, on or-
dinary low-humus chernozems, foliar feeding
with urea (15 kg/ha) in the 6-8 leaf stage had
almost no effect on plant height and lower ear
insertion height. In addition, we found that the
leaf area of a single plant and the number of
ears per 100 plants also varied insignificantly.
Grain yield increased, on average across all nu-
trition backgrounds, from 7.77 t/ha in the con-
trol to 8.09 t/ha with foliar feeding of plants
with urea (15 kg/ha) [11].

In the conditions of the Left-Bank Forest-
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Steppe of Ukraine on typical low-humus cher-
nozems, foliar feeding of maize with urea
(15 kg/ha) in the 56 leaf stage under different
methods of primary tillage contributed to an in-
crease in the plant height of maize hybrids of
different maturity groups, 1000-grain weight
and yield [12].

On sod-carbonate soils of the Small
Polissia region, increasing the application rates
of nitrogen fertilisers from N90 to N125-150 for
grain maize improved the maize yield attributes
in terms of such indicators as grain weight per
ear and 1000-grain weight. However, nitrogen
fertilisers did not significantly affect the in-
crease in the proportion of grain in the ear
weight, which varied between 85.6 and 87.3 %.
Grain yield increased by 6.8-23.5 %, while the
return on each additional kilogram of nitrogen
fertilisers in grain gradually decreased [13].

Sulphur, as well as nitrogen, is a compo-
nent of plant protein and, therefore, part of the
raw material for building new cells and tissues
of maize plants. The application of nitrogen and
sulphur is mutually complementary in terms of
effectiveness, given that a sulphur deficiency
blocks nitrogen absorption. The Department of
Agronomy at the University of Life Sciences in
Poznan conducted two series of field trials to
study the effectiveness of different nitrogen fer-
tilisers (N and N + S) in maize crops. It was
found that when enriched with sulphur nitrogen
fertiliser (ammonium sulphate), maize produces
a significantly higher grain yield than when oth-
er fertilisers are applied [14].

The study was aimed at investigating the
effect of foliar feeding of maize with urea or its
tank mixture with sulphur on the formation of
biometric indicators of ears in short-season
maize hybrids under the conditions of the Wes-
tern Forest-Steppe of Ukraine.

Materials and Methods. The research
was conducted at the Khmelnytskyi State Agri-
cultural Research Station of the Institute of Feed
Research and Agriculture of Podillia of NAAS
during 2021-2024. The soil of the experimental
site is podzolised medium loam, slightly eroded,
low humus chernozem on loess-like loam of
brownish-pale colour, with a fine-nutty struc-
ture. The soil is viscous and sticky in wet condi-
tions. The soil is sufficiently saturated with ba-
ses — 39.8-42.0 mg eq. per 100 g, with a hydro-
Iytic acidity of 1.8-2.7 mg eq. per 100 g of soil.
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The humus content (according to Tyurin) is 3.2 %.
Medium content of nutrients: easily hydrolysable
nitrogen — 14.4-16.6, mobile phosphorus — 1.0—
12.0, exchangeable potassium — 7.8-8.0 mg per
100 g of soail.

Maize cultivation technology, with the ex-
ception of the factors studied, is generally ac-
cepted for the Western Forest-Steppe zone of
Ukraine. After harvesting the previous crop
(soybeans), stubble was ploughed to a depth of
6-8 cm and the main tillage (ploughing) was
carried out to a depth of 25-27 cm. Spring til-
lage began with harrowing, followed by two
cultivations: the first to a depth of 10-12 cm,
the second (pre-sowing) to the depth of seed
incorporation. Mineral fertilisers were applied
during pre-sowing cultivation at a rate of
N4gP4sKag. The early-ripening hybrid DN Aton
and the mid-early DN Astra were sown at the
optimal dates for the region — in late April with
a planned pre-harvest plant density of 90 and
85 thousand plants/ha, respectively, using
SU-12 seeder. Maize plants were fertilised in
the 5-6 and 8-9 leaf stages according to the ex-
perimental design. Domestic fertilisers were used
in the experiments, namely: urea (N — 46 %)
and highly concentrated liquid sulphur fertiliser
Chemic Sulphur (SO3 — 200 g/I; N — 100 g/l).

Research methods included field studies
to determine the response of maize plants to the
factors under examination; morphophysiological
studies to obtain biometric parameters of plants;
calculation and weighing to establish indicators
of plant structure and productivity; and mathe-
matical and statistical studies to determine the
reliability of field trial results.

Results and Discussion. Scientific re-
search has shown that the productivity of maize
hybrids is ensured by their biological properties,
which enable them to respond positively to
weather conditions in the growing area and the
level of mineral nutrition. The weather condi-
tions during the growing season in the years of
research differed not only from the long-term
indicators, but also from each other, which un-
doubtedly affected the growth and development
of plants, the formation of indicators of assimi-
lation surface, photosynthetic potential, individ-
ual productivity and grain yield. In particular,
under conditions of sufficient moisture availa-
bility, the period from sowing to seedling emer-
gence in 2021 and 2024 lasted 8-10 days; in
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2022 it increased to 14-16 days, while the lack
of precipitation and productive moisture in the
seedbed layer caused this period to increase to
14-20 days in 2023. Hydrothermal conditions
during the periods of maize plant growth and
development, ear formation, and grain filling
were generally favourable, with sufficient rain-
fall but uneven distribution and fairly high ave-
rage daily air temperatures. Grain ripening oc-
curred under various moisture and temperature
conditions. The best conditions for maize grain
ripening were in 2023, while the worst were in
2022 (Table 1).

The analysis of the ear structure showed
that in both maize hybrids, foliar feeding of
plants with nitrogen fertilisers (urea) improved
biometric indicators and yield attributes, name-
ly, the ear length, the average number of grains
per ear, the grain weight per ear and the 1000-
grain weight increased.

At the same time, the above indicators al-
so varied over the years of research. In particu-
lar, the ear length in early-ripening hybrid DN
Aton was 17.2-17.8 cm in 2022, while in 2021
and 2023 it increased to 17.2-19.2 and 18.8-
19.3 cm, respectively, and in 2024 it was the
smallest — 14.6-15.4 cm. Among plants of the
mid-early hybrid DN Astra, the longest ear
length was 20.4-22.2 cm in 2021, in 2022 and
2023 ear length decreased to 16.6-19.0 and
17.2-18.7 cm, and in 2024 — to 16.0-17.6 cm,
depending on the variant of foliar feeding. Over
the years of research, the average ear length in
maize plants of early-ripening hybrid DN Aton
was 17.0-17.9 cm, and maize plants of mid-
early hybrid DN Astra had ear length of 17.6—
19.4 cm. Foliar feeding with urea or its tank
mixture with sulphur increased the ear length by
1.2-4.1 and 1.7-6.8 %, respectively (Table 2).

As a crop with high individual productivi-
ty and the ability to compensate for the insuffi-
cient development of some yield attributes with
others, as well as narrow limits of variability of
individual productivity traits, maize is charac-
terised by an important structural indicator: the
average number of grains per ear or grain content.

We found that in plants of the early-
ripening hybrid DN Aton, the average number
of kernels per ear varied from 504 to 774 over
the years of research, and in the mid-early hyb-
rid DN Astra, it varied from 444 to 630, depend-
ing on the foliar fertilisation variant. Maize
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Table 1. Weather conditions during the growing season for maize, 2021-2024

Month For
Year, period May June July August | September | October gsré)g/;/(l)r;]g
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
2024 17.9 22.9 24.8 23.7 18.4 9.9 19.6
Average for
1960-2020 13.6 18.4 19.3 18.6 13.4 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 45.4 9.2 74.4 560.5
2024 129.0 124.1 334.7 42.0 129.6 46.8 806.2
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
2024 2.32 1.80 4.36 0.57 2.35 1.51 2.15
Average for
1960-2020 1.61 1.93 2.16 1.58 1.56 2.03 1.81

Table 2. Biometric indicators of the maize ear and yield attributes, 2021-2024

< 5| B 5o | go
Foliar feeding (B) = S % S8 2 © 22
> @ < s & S =
T -_— — —
D) (O]
Control (without feeding) DN Aton 17.0 567 131.0 231.9
g DN Astra 17.6 484 1315 265.6
. DN Aton 17.2 605 139.5 239.0
Urea, 10 kg/ha in the 5-6 leaf stage DN Astra 179 515 1208 5755
Urea, 10 kg/ha in the 5-6 leaf stage + DN Aton 174 610 144.4 244.0
Chemic Sulphur, 1.5 I/ha DN Astra 18.4 524 143.6 281.7
. DN Aton 175 617 147.6 247.4
Urea, 20 kg/ha in the 8-9 leaf stage DN Astra 185 =l 151 87 2
Urea, 20 kg/ha in the 8-9 leaf stage + DN Aton 17.6 641 154.1 252.9
Chemic Sulphur, 1.5 I/ha DN Astra 18.7 558 161.5 293.6
Urea, 10 kg/ha in the 5-6 leaf stage DN Aton 17.7 646 154.9 257.1
Urea, 20 kg/ha in the 8-9 leaf stage DN Astra 18.8 581 164.2 300.1
Urea, 10 kg/ha in the 5-6 leaf stage +
Chemic Sulphur, 1.5 I/ha DN Aton 17.9 658 160.0 262.6
Urea, 20 kg/ha in the 8-9 leaf stage +
Chemic Sulphur, 1.5 I/ha DN Astra 194 595 169.3 305.9

plants of both hybrids had the highest grain con- tent was 640-774 and 532-546 grains, respec-
tent of ear in 2021, and the lowest in 2024. In tively, in the mid-early hybrid DN Astra — 504—
the early-ripening hybrid DN Aton, grain con- 630 and 444-588 grains per ear, and 567-658
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and 484-595 grains, respectively, on average
over the years of research. Foliar feeding with
urea contributed to an increase in the grain con-
tent of ears by 6.7-13.9 % in the early-ripening
hybrid DN Aton and by 6.0-20.0 % in the mid-
early hybrid DN Astra. The addition of the high-
ly concentrated liquid sulphur fertiliser Chemic
Sulphur to urea increased this indicator by ano-
ther 0.8-3.9 and 1.3-2.4 %, respectively..

The grain weight per ear is an yield attri-
bute that has the greatest impact on crop yield.
According to our calculations, the highest grain
weight per ear was recorded in 2023 for the ear-
ly-ripening hybrid DN Aton (153.2-187.1 Q)
and the mid-early hybrid DN Astra (143.5—
196.1 g). The lowest grain weight was recorded
in the early-ripening hybrid DN Aton (106.6—
140.0 g) in 2021 and in the mid-early hybrid
DN Astra (123.9-164.0 g) in 2024. On average
over the years of research, the grain weight per
ear was 131.0-160.0 and 131.5-169.3 g for
short-season maize hybrids, respectively.

The 1000-grain weight also varied through-
out the study period. It was lowest in both maize
hybrids in 2021 — 173.2-202.2 g in the early-
ripening hybrid DN Aton and 223.1-272.0 g in the
mid-early hybrid DN Astra, while the average
weight over the years of research was 173.2-202.2
and 223.1-272.0 g, respectively, depending on fo-
liar feeding.

Over the years of research, it was estab-
lished that foliar feeding of maize plants with
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AKTyajbHicTh. [[7 JOCATHEHHS BHCOKOI BPOXKAWHOCTI KYKYPYA3H, KPHUTUYHO BaXKIMBO IiATPH-
MYBaTH IOCTATHIN PiBEHB 30Ty YNMPOJOBK KIFOUYOBUX (Pa3 pocTy Ta pO3BUTKY KyibTypH. [IpoOHe BHECEHHS
a30Ty MpH [[bOMY ONTHUMI3Yy€ >KUBJICHHS POCIHH 1 3HWXKYE HENPOMYKTHBHI Horo Brparu. Mera mocin-
JKeHb. BUBUCHHS BIUIMBY TM03aKOPEHEBOTO Ii/DKMBICHHS KYKypylI3u KapOamimom abo ioro 0OakoBHX
cyMiIeii 3 cipkoro Ha (opMyBaHHS O1OMETPUYHUX MTOKA3HUKIB Ka4aHa Ti0puIaMu KyKypyI3u CKOPOCTHTIIHX
rpyn B ymoBax 3axigHoro Jlicocremy. Marepianu i MmeTonn. Y nBodakTopHOMY JOCTiAI BUBYAIU TiOpUAN
KyKy-pya3u pannsocturiuidi JJH AToH Ta cepennbopanHiii JIH Actpa; BapiaHTH M03aKOpEHEBOTO IiPKHB-
TIeHHS KapOaMiZioM i BHCOKOKOHIIEHTPOBAHUM DiJIKuM cipuanuM no0puBoM Ximik Cipka —y ¢asu 5-6 Ta 8—
9 muctkiB. Pe3ynbTaTu. BeranoBiieHo, O Y POKK MPOBEIEHHS TOCIIHKEHb Ha (DOpMyBaHHS 010METPUIHIX
MOKa3HMKIB Ka4aHa iCTOTHO BIUTMBAJIO HE JIUIIE 3aCTOCYBaHHS NI03aKOPEHEBOTO Ii/KUBJICHHSI, ajle 1 MOTo/THi
YMOBH BereTauifHOro mnepiogy. Y cepeaHbOoMy 3a POKH JOCIHIKEHb, 32 PI3HUX BapiaHTIB M03aKOPEHEBOIO
MiPKUBIICHHSI, JOBXHMHA KayaHa 30inblryBanacst y panabocturioro riopuaa JH Aron Ha 1,2-4,1 %, y ce-
penusopannsoro JIH Actpa — Ha 1,7-6,8 % mopiBHSHO 3 KOHTposieM. llo3akopeHeBi MiJDKUBJIICHHS Kap-
0aMizioM CTIpHsUTH 301IBIIEHHIO MacH 3epHa 3 OJIHOTO KavaHa y paHHpocTHrIoro riopuaa JJH Aton Ha 6,5-18,2
% Tta y cepennpopannboro JIH Acrtpa — Ha 7,0-23,9 %, macu 1000 3epen — Ha 3,1-10,9 Ta 3,7-13,0 %,
03epHEHOCTI KauaHa — Ha 6,7—13,9 Ta 6,0-20,0 %, BianoriaHo. JlogaBaHHS CIpKH Y BUIJIS/I BUCOKOKOHIICH-
TpoBaHOTo pijKoro go6puea Ximik Cipka 10 kapbamigy 3yMOBIIOBANO J0/aTKOBE 301UIBIICHHS MacH 3epHa
3 OJIHOTO KayaHa y paHHbocturioro riopuna IH Aton — na 3,3—4.,4 %, y cepennvopannsoro JJH Actpa — Ha
1,3-4,8 %. Maca 1000 3epen BiamoBigHO 30inbnryBanacs Ha 2,1-2,2 Ta 1,9-2,3 %, a 03epHEHICTh KauyaHa —
Ha 0,8-3,9 Ta 1,3-2,4 % nopiBHsAHO 3 KOHTpOsieM. BucHoBKH. HaliOibin epekTHBHUM € IBOPA30BE IMiIKUB-
JIEHHS KYyKYpyA3u KapOaMifoM 3 JJ0JjaBaHHSIM BHCOKOKOHIIEHTPOBAHOTO PiAKOTO CipuaHOTo Jo0puBa XiMik
Cipka y ¢a3u 5-6 ta 8-9 nucTKiB, 10 3a0e31me4nsio 301IbIIeHHS TOBKUHHI KauyaHa y POCIMH PaHHbOCTHUIIIO-
ro riopuna /IH Aton Ha 5,3 %, y pociun cepenubopanaboro JIH Actpa — Ha 10,2 %, 03epHEHOCTI KayaHa —
Ha 16,0 Ta 22,9 %, macu 3epHa 3 1 kayana — Ha 22,1 ta 27,8 %, macu 1000 3epeH —na 13,2 Ta 15,2 % BiANOBIIHO.

Knwuogi cnosa: xkykypyosa, 2iopuo, niodcusienus, kapoamio, cipka, 008i#CUHA KAYaHa, Maca 3epHa,
maca 1000 3epen
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