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RESUMO

Objetivos. A pesquisa teve como objetivo identificar os hibridos mais produtivos selecionados pelo
Instituto All-Russian de Pesquisa de Milho para cultivar pela tecnologia de sementes de cereais nas condigdes
naturais dos Cis-Urais. Metodologia. O milho foi cultivado para sementes e forragem verde para animais de
fazenda nas condi¢des dos Cis-Urais. A massa verde do milho, composta principalmente por caules e folhas,
geralmente contém de 88 a 90% de agua. A ensilagem preparada para isso possui menos matéria seca e
proteinas. Essas forragens tém baixo valor nutricional e baixo retorno dos produtos pecuarios. Os alimentos mais
nutritivos e de alta qualidade podem ser recebidos a partir de sementes de milho ou de sua massa acima do solo,
com gaos leitosos e maduros. Selecionar hibridos de maturagdo precoce com alto valor nutricional é a principal
preocupagéao do estuda. Resultados. Os resultados demonstram que a produtividade dos hibridos de milho varia
de 2,50 a 6,76 t/ha, dependendo do solo e das condi¢des climaticas. Quando os hibridos de milho s&o cultivados
por tecnologia de sementes, a massa acima do solo das culturas estudadas é de 30,68-68,80 t/ha. Conclusdes
E necessario selecionar maturagado anterior e hibridos altamente produtivos para aumentar a qualidade e nutrigdo
da ragao para milho. Os hibridos recomendados para a produg¢ao de grdos sao Ural 150 (5,45 t/ha), Baikal (5,38
t/ha) e Mashuk 170 MV (4,98 t/ha); K-170 (56,7 t/ha), Shihan (55,67 t/ha) e Mashuk 170 MV (54,99 t/ha) que
proporcionaram uma maior produgdo da massa verde na maturagdo gaos leitosos, melhores para produgéo de
silagem. Os dados resultantes permitem selecionar hibridos de milho com alto rendimento e valor nutricional para
fazendas com condig¢des similares de solo e clima e desenvolver dietas para gado leiteiro e de corte altamente
produtivo.

Palavras-chave: massa acima do solo; grao; hibridos; milho; produgao.

ABSTRACT

Objectives. The research aimed to identify the most productive hybrids selected by the All-Russian
Research Institute of Maize to cultivate by the cereal seed technology in the natural conditions of the Middle Cis-
Urals. Methodology. Maize was cultivated for seeds and green fodder for farm animals in the conditions of the
Middle Cis-Urals. The maize green mass, consisting mainly of stems and leaves, usually contains up to 88-90%
water. Silage being prepared for it has less dry matter and protein. Such fodder has low nutritional value and poor
return from livestock products. The most high quality and nutritious feed can be received from maize seeds or its
above-ground mass with seeds of milky-wax and wax ripeness. To select early-maturing hybrids with high
nutritional value is the primary concern for the studied area. Results. The results demonstrate that the productivity
of maize hybrids ranges from 2.50 to 6.76 t/ha depending on soil and climatic conditions. When maize hybrids are
grown by seed technology, the above-ground mass of the studied crops is 30.68-68.80 t/ha. Conclusions. It is
necessary to select earlier ripening and highly productive hybrids to increase the quality and nutrition of corn feed.
The recommended hybrids for grain production are Ural 150 (5,45 t/ha), Baikal (5,38 t/ha) and Mashuk 170 MV
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(4,98 t/ha); K-170 (56,7 t/ha), Shihan (55,67 t/ha) and Mashuk 170 MV (54,99 t/ha) that provided a higher output
of the green mass at milky-wax ripeness of grain are best for silage production. The resulting data make it possible
to select maize hybrids with high yields and nutritional value for farms with similar soil and climate conditions and
to develop diets for highly productive dairy and beef cattle.

Keywords: above-ground mass; grain; hybrids; maize; yield.

AHHOTALUA

Llenun. [JaHHOe vccnegoBaHue MMENO Lenbio BbiBUTb Hanbornee BbICOKONPOU3BOAMTENbHbIE MOpUabI
KyKypy3bl [ONnS BblpallyMBaHMs B €CTeCTBeHHbIX ycrnoBusix CpegHero [lpegypanbs cpegu oTOOpaHHbIX
Bcepoccuckum  Hay4HO-MCCNeaoBaTeNbCKMM  MHCTUTYTOM  KyKypy3bl oOpasuoB. Metogonorus. Kykypysy
BblpallMBanM Ha CeMeHa W 3eNieHbld KOpM NS CeNIbCKOXO3SINCTBEHHBIX XMBOTHbIX B ycrnoBusix CpeaHero
Mpenypanbsa. 3eneHas macca KyKypy3bl, COCTOSILLAA B OCHOBHOM U3 CTEGNEN U NUCTbEB, OObIMHO COAEPXKNT B
cBoeM cocTtaBe 0 88-90% Boabl. OgHaKo, B FOTOBOM CUITOCE CyXOro BellecTBa U Oerka coaepXXuTcs MeHbLUe.
CoOTBETCTBEHHO, TAKOW KOPM MMEET HM3KYI0 MULLEBYIO LIEHHOCTb M €ro MCMoNb30BaHWe BrieyeT COKpalleHue
06bemMoB NpoM3BOACTBa NPOAYKLUMM XUBOTHOBOACTBA. Hanbonee kayeCTBEHHbIN 1 NUTATENbHbBIA KOPM MOXHO
Nnony4nTb U3 CEMSH KyKYpY3bl B (ha3e MONOYHO-BOCKOBOM M BOCKOBOM CnernocTu. Beibop Ans narotosneHus kopma
paHHecnenbiX rmMbépuaosB C BbICOKOW MNUTaTENbHOW LEHHOCTbIO SBMASETCA OCHOBHOM 3agadven uccrnegyemomn
arponpomblilineHHon obnactu. PesynbTathl. PesynbraTbl [aHHOrO MCCnegoBaHWs  MOKasblBalT, UTO
YpOXXaNHOCTb rMOpraoB Kykypy3bl konebnetca ot 2,50 go 6,76 1/ra B 3aBMCMMOCTU OT MOYBbI U KIMMATUYECKNX
ycnosun. Npu BbipawuBaHnm rubpuaoB KyKypy3bl B COOTBETCTBMM C CEMEHHOW TEXHOMOIMEeNn, Hag3emMHas macca
uccnegyembix KynbTyp coctaBnsieT 30,68-68,80 T/ra. BoiBogpl. C Lenbio NOBLILEHNUS] KaYeCTBa U MUTATENbHOCTU
KopMa, HeobxoauMmo BbiOMpaTb 6onee paHHME U BbICOKOMPOWU3BOAMTESNbHbIE  TMOPUAbI  KyKypy3bl.
PekomeHO0OBaHHbIMU As1 MPOM3BOACTBA 3epHa ABnaTCA rmbpuabl Ypanbsckui 150 (5,45 T/ra), bankan (5,38
1/ra) n Mawyk 170 MB (4,98 1/ra); K-170 (56,7 T/ra), lnxaH (55,67 T/ra) n Mawyk 170 MB (54,99 T/ra), koTopble
obecneunBanu 6onee BbICOKYIO ypPOXKalHOCTb 3eNIeHOM Macchbl Ansi NPON3BOACTBA CUIOCa NP CO3pEBaHNM 3epHa
MOJIOYHO-BOCKOBOM CMenocTu. onyyYeHHble AaHHble NO3BONSAT BblOvpaTb rMbpuabl KyKypy3bl C BbICOKOW
YPOXKaNHOCTLIO M NUTATENbHOM LEHHOCTbIO Ans d)epM C aHanornyHblMWU MOYBEHHBIMU M KNMMATUYECKUMM
ycnosmaMn un paspabatbiBaTb paunoHbl Ans 3PHEKTUBHOIO (PYHKLUMOHUPOBAHUS MOSIOYHOMO U MSICHOrO
CKOTOBOACTBA.

KnioueBble cnoBa: Hag3eMHas Macca, 3EpPHO, Fl/l6pl4ﬂ,bl, KYKypy3a, ypO)KBVIHOCTb.

1. INTRODUCTION: India's cropland is used for maize growing. Maize
provides 9% of the national food basket
(Adedokun et al., 2018; Barry et al., 2017;
Ismagilov et al., 2019; Ngaboyisonga et al., 2012).
Russia ranks the twelfth among the world
producers of maize with 11.3 million tons. The
share of our country in cultivating this crop is just
0.9% of the total world production. North
Caucasus and the Central Non-Black Soil Zone

Maize growing is a traditional source of
income and subsistence for many farmers and
rural populations in rainfed areas. On an industrial
scale, in large countries, maize is a cash crop with
diverse applications (Novak et al., 2019). It is
grown for food, animal feed, as well as a raw
material to produce industrial goods (Akinchin and

Fedorov, 2015). This crop is cultivated on nearly
150 million hectares in about 160 countries with a
wide variety of soils, climate, and management
practices, contributing 36% (361.1 million tons) to
world grain production (Dahlan et al., 2014; Huato
et al., 2016). The United States of America (USA)
is the largest maize producer in the world,
accounting for about 35% of the total maize
production. Corn growing is the driving force of the
American economy. The United States has the
highest productivity (9.5 tons per hectare) being
twice as high as that in other countries. Thus, the
average yield in India is 2.5 tons per 1 hectare.

Maize is the third most important food crop
after rice and wheat in this country. Almost 80% of

are the most productive regions to grow maize in
open fields. The plants cultivated there to get
enough sunlight and provide an abundant harvest.
Some areas grow maize as a fodder crop. These
are the Ural, Volga-Viatka, central regions, and
Siberia (Sotchenko et al., 2018).

Maize is the main crop with different
applications. This cereal crop plays an integral part
in agriculture. It enables us to address two
challenges: to replenish grain stocks and produce
nutritional feed for farm animals. This crop is also
used to prepare silage well digested by animals. It
is a good milk-making feed. Maize is used as
green fodder as well (Akhiyarov et al., 2018; Araya
etal.,, 2019; Lin etal., 2019). The ten largest maize
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producers accounted for 79.4% of the total world
production in 2018. These are the USA, China,
Brazil, Argentina, Ukraine, India, Mexico,
Indonesia, South Africa, Romania (Barry et al.,
2017; Chung et al., 2019; Venkatesha et al.,
2019). The share of the leading 30 producers of
maize totals 92.4%. In 2018 this list included
Canada, Russia, Nigeria, Hungary, Italy, Serbia,
Philippines, Ethiopia, Tanzania, Turkey, Egypt,
Vietnam, Germany, Thailand, Pakistan, Spain,
Poland, Malawi, Kenia and Zambia (Chung et al.,
2019). The USA is a key producer and exporter of
maize in the world. In 2018 the share of the
country in the global production of this cereal crop
accounted for 35.3%. The output was 361.1 min
tons. China is the second-largest maize producer
in the world. In 2018 the share of China in the
global production of the given cereal crop
amounted to 21.1%. The output was 215.6 million
tons. Brazil is the third world producer of maize. In
2018 its total output was 79.9 million tons.
Argentina ranks the fourth among the largest
maize producers in the world, its share in the
structure of the global production was 3.2%, and
the total output amounted to 33.0 million tons of
maize. Ukraine is the fifth in the list of top five world
producers of the very cereal crop, with 28.5 million
tons.

The largest producers of maize in Russia
were the Krasnodar and Stavropol territories,
Rostov, and Voronezh regions (see Figure 1).

The area under maize amounted to 569.3
thousand hectares (23.2% of the total area) with
an average yield of 64.9 kg/ha. The Stavropol
territory (the area under maize is 197.5 thousand
hectares with the share in the total cropland being
8.1%) has an average yield of 63.7 C/ha. The
Rostov region (189.2 thousand hectares, 7.7%)
harvests an average yield of 49.1 C/ha. The
Voronezh region (184.6 thousand hectares, 7.5%)
has an average yield of 77.2 kg/ha. The
Kabardino-Balkar Republic (141.3 thousand
hectares, 5.8%) gets, on average, 62.9 C/ha. In
2018, the maize yield for seeds in Russia
amounted to 47.9 C/ha, which is 2.2% (1.1 C/ha)
less than in 2017. It decreased by 4.4 % (2.2 C/ha)
for five years. Over ten years, the yield growth was
24 1% (9.3 C/ha). The yield increased by 166.1%
(29.9 C/ha) concerning 2001. The average annual
yield of this type of cereal crop in Russia was 25.0
C/ha in 1991-2000. In 2001-2010 it increased to
32.7 C/ha. In 2011-2018 the average annual yield
reached 47.6 C/ha (Sotchenko et al., 2018;
Ismagilov et al., 2019).

The Food and Agriculture Organization of
the United Nations (FAO) predicts that the
cultivation of this grain crop will increase from year
to year world-wide. Countries with the most
favorable temperate climate will have the highest
yields of maize (Kedir, 2018; Venkatesha et al.,
2019; Xu et al., 2019b).

To produce maize seeds in the northern
regions of Russia, it is necessary to develop ultra-
early maturing and cold-resistant hybrids that can
withstand the soil temperature below the biological
minimum for a long time. In the northern zone of
maize cultivation, more attention should be paid to
the seed quality. Using seeds with low laboratory
germination and spread resulted from their long-
term storage can prevent the planned stand, delay
the seedling emergence. It leads to the weak initial
growth of plants and, consequently, to lower yields
of seeds (Barry et al., 2017; Pandurovic et al.,
2013). To get higher yields with a given population
at the optimum sowing time, it is necessary to
increase the seeding rate by 10-20% in conditions
of the Maize Research Institute and by 20-30% in
conditions of the northern parts of the region
depending on the hybrid used. It requires taking
into account the biological characteristics of maize
hybrids to germinate in different conditions, seed
reproduction, sowing qualities, and the seeding
rate adjusted to specific growing conditions. Maize
hybrid Nur turned to be the best hybrid to get
guaranteed seeds at earlier sowing time in
conditions of the Middle Cis-Urals. The stalk
fragility below the ear is primarily determined by
the hybrid's genotype and growing conditions. Ear
infection with Fusarium varies differently from year
to year. However, maize hybrid Nur is found to be
resistant to this disease independently of other
factors (Ismagilov et al., 2019).

Maize hybrid productivity trends in the U.S.
prove that the estimated annual improvement
rates range from 1.2 to 2.4% (Barry et al., 2017).
Studies on the relationship between climate and
human activities often place greater emphasis on
the science of climate change. The savings were
mostly due to temperature and precipitation. The
phase transition of economic performance was
positively affected by the long-term temperature
change in combination with the trigger effect of
short-term precipitation changes (Ismagilov et al.,
2019). From a more macroeconomic perspective,
the climate movement for macroeconomic cycles
has been mitigated by larger and slower
processes such as social memory, spatial
displacement of key economic areas, and socio-
technological progress (Chung et al., 2019).
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These genetic changes are associated with
improved management practices, including
fertilizer use, irrigation, tillage, weed, and pest
control, as well as crop rotation (Barry et al., 2017;
Chavas and Mitchell, 2018; Xu et al., 2019a). The
use of fertilizers eliminates the lack of nutrients in
the soil, as the maize yield is very sensitive to
nitrogen (Lamptey et al., 2018). When possible,
irrigation reduces soil water scarcity and drought.
Pest and weed populations can be controlled and
suppressed by tillage, crop rotation, and the use of
pesticides (insecticides and herbicides). For
centuries, farmers have used crop rotation to
reduce pest and weed infestation and to restore
soil fertility (Chavas and Mitchell, 2018).

One of the significant constraints in the
middle Cis-Urals is the low nutritional value of feed
(Ismagilov et al., 2019). This issue can be
addressed by developing new elements in
conventional technologies to cultivate crops,
paying particular attention to grain-forage crops
(Mudarisov et al., 2019; Omokanye et al., 2013; Xu
et al., 2019b). The main grain crops cultivated in
the Russian Federation are maize, barley, oats,
wheat, rye. The high concentration of digestible
carbohydrates provides high grain energy nutrition
for these crops. Maize occupies a special place
among other cereal crops as a source of energy
(12.2-12.8 MJ of metabolizable energy per 1 kg)
(Araya et al.,, 2019; Emmanuel and Mutimura,
2012).

The climate of the Middle Cis-Urals is
sharp continental; the sum of active temperatures
is 2000-2200 degrees. To produce high-quality
maize fodder in the conditions of this region, it is
necessary to cultivate early-maturing hybrids. The
crop should have time to mature in a short
summer. Maize is a heat-loving plant; it is not
tolerant of the temperature decline. As a result of
the work performed over many years, plant
breeders have created hybrids that meet the
requirements of the climate in the Middle Cis-
Urals. Thus, the seeds of these hybrids after being
sown withstand a decrease in temperature to
minus 2° C. While maize seeds germinate within
eight days in a warm climatic zone, early-ripening
hybrids adapted to the natural conditions of the
Middle Cis-Urals germinate at relatively low
temperatures for the same time. To achieve milky
ripeness, maize needs a period of effective
temperatures above 10° C for at least 120 days,
including about 70 days with an average daily
temperature above 15° C (Sotchenko et al., 2018).

To ensure a sufficiently high yield under
variable weather conditions, it is recommended to
grow several hybrids in each farm, being different
in several properties (Barry et al., 2017; Chung et
al., 2019; Emmanuel and Mutimura, 2012). The
choice of varieties suitable for cultivation in this
area, the correct selection and preparation of seed
material are of great importance for the Middle Cis-
Urals with its sharp differences in soil and climatic
conditions (Akinchin and Fedorov, 2018; Chavas
and Mitchell, 2018; Ngaboyisonga et al., 2012). In
recent years, several early-ripening hybrids have
been created. They develop a seed of milky-wax
ripeness even in adverse weather conditions of the
Middle Cis-Urals (Sotchenko et al., 2018).

In the conditions of the Middle Cis-Urals,
maize is mainly cultivated for silage and green
feeding of animals (Sotchenko et al., 2018).
However, the green mass of maize, consisting
mainly of stems and leaves without ears, usually
contains up to 88-90% water. Silage, being
prepared from such a mass, has less dry matter
and especially protein (Kedir, 2018; Xu et al.,
2019b). Such fodder has low nutritional value and
relatively low return on livestock products (Lubova
et al., 2018). Maize seeds or a groundmass with
seeds of milky-wax and wax ripeness can develop
the most high-quality and nutritious feed (Hisse et
al., 2019).

A maize seed has a high starch content (up
to 70%), compared with other cereal crops, it is
rich in fat (up to 7%) (Kedir, 2018; Ngeno et al.,
2012; Omokanye et al., 2013). Maize seeds
contain less calcium (3,5 times less than oats and
sorghum, three times less than barley and millet,
two times less than rye and 1,5 times less than
wheat) (Ngeno et al., 2012; Wakili, 2012). Early-
maturing hybrids on their morphological features
do not differ in robust development, but they have
a significant share of ears in the total harvest due
to lack of heat (Barry et al., 2017; Chavas and
Mitchell, 2018; Katterer et al., 2019). When these
hybrids are grown according to the cereal seed
technology, farms receive high-quality raw
material and prepare silage with nutrient content
of 0.25-0.32 fodder units. It is found that in the
conditions of the Middle Cis-Urals, it is advisable
to grow varieties and hybrids with a period of 95-
100 day germination-wax ripeness. It provides
high yields of dry mass with ears of milky-wax and
wax ripeness. Maize fodder with a high content of
ears in the phase of milky-wax ripeness of seeds
is characterized by a high content of metabolic
energy, starch, and fat (Lin et al., 2019;
Ngaboyisonga et al, 2012). Maize seed

Periodico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

1178



digestibility is very high and reaches 90%.
Digested nutrients are complete. It is not only the
seed that is well digested but other parts of the
plant as well. Thus, there are 30-40% of seeds,
10% of rods, and stalks without seeds, about 50%
of the rest parts of the plant (Akhiyarov et al., 2018;
Katterer et al., 2019; Venkatesha et al., 2019).

2. MATERIALS AND METHODS:

2.1. The research place

The study of hybrids was carried out on the
territory of the Republic of Bashkortostan,
occupying a significant part of the Middle Cis-
Urals. There are six agricultural zones in the
Republic: northern forest-steppe, north-eastern
forest-steppe, southern forest-steppe, Cis-Ural
steppe, trans-Ural steppe, and mountain-forest
zone (Barry et al.,, 2017; Chavas and Mitchell,
2018; Ismagilov et al., 2019). Field studies of
maize hybrids developed by the All-Russian
research institute of maize were conducted in the
northern forest-steppe ("Agro Tanyp" agricultural
production cooperative, located in the Tatyshly
district) and southern forest-steppe (scientific
training center of the Bashkir State Agrarian
University (BSAU)).

In the "Agro Tanyp" farm, the soil cover is
represented by dark gray forest soils with medium
loamy granulometric composition. The humus
horizon depth is 18-22 cm, the humus content in
the arable layer is 3.7-4.1 %. The soil medium
reaction is slightly acidic pH (kcl) 4.8-5.2; the bulk
unit weight of the soil in the arable layer is 1.10-
1.14 g/cm3. The soil contains 70-80 mg/kg of
easily hydrolyzable nitrogen, 111-118 mg/kg of
mobile phosphorus, and 121-125 mg/kg of
exchange potassium. The frost-free period is 120-
125 days. The growing season precipitation is
236-284 mm, with the average annual rainfall
being 587 mm. The soil cover in the scientific
training center of the Bashkir State Agrarian
University is represented by leached chernozem
having medium loamy granulometric composition.
The humus horizon layer is 58-69 cm; the humus
content in the topsoil is 9.7-9.8%. The soil medium
reaction is slightly acidic pH (kcl) 4.8-5.2; the bulk
unit weight of the soil in the arable layer is 1.02-
1.10 g/cm3. The soil contains 135-156 mg/kg of
easily hydrolyzable nitrogen, 160-166 mg/kg of
mobile phosphorus, 185-187 mg/kg of exchange
potassium. The frost-free period is 110-135 days.
The growing season precipitation is 225-275 mm,
with the average annual rainfall being 523 mm.

During the growing season of 2019,
meteorological conditions in the Republic of
Bashkortostan as a whole, especially in May and
June, were cold. The shortage of favorable
temperatures amounted to 116 OC for these two
months. Though the temperature was a bit higher
than usual in the subsequent maize vegetation
period, the heat shortage remained.

2.2. Equipment

Maize was cultivated according to the
following management practice in experiments of
the scientific training center of the BSAU:
predecessor — spring wheat, tillage — autumn
plowing with PN-4-35 to a depth of 26-28 cm,
spring harrowing (3BZTS-1.0) and pre-sowing
cultivation (CSO-4) to a depth of 5 cm, sowing was
carried out on May 10-12 by seeder UPS-8. Row
spacing was 70 cm, seeding rate — 80 thousand
pieces of seeds per 1 ha to a depth of 5 cm.

2.3. Field experiments

In "Agro Tanyp" maize in the experiments
was cultivated by the technology generally
accepted for this zone. The registered area of plots
is 150 m2, the number of replication is fourfold.
The variants are arranged in a line in the
experiment. The field experience was conducted
on the following hybrids: Mashuk 140, K-140, K-
150, Uralskii 150, Nur, Mashuk 150, Biliar 160, K-
160, K-170, Shikhan, Katerina, Baikal, Mashuk
170, Mashuk 175, Mashuk 171, Mashuk 185,
Newton, Mashuk 220, Mashuk 250. The variants
are arranged in a line in the experiment. The
registered area of plots is 150 m2, the number of
replication is fourfold. The field scheme included
hybrids: Mashuk 140, K-140, K-150, Uralskii 150,
Nur, Mashuk 150, Biliar 160, K-160, K-170,
Shikhan, Katerina, Baikal, Mashuk 170, Mashuk
175, Mashuk 171, Mashuk 185, Newton, Mashuk
220, Mashuk 250.

2.4. Data analysis

During the growing season, the height and
weight of plants were determined. Yield
accounting was performed by the continuous
harvest method and weighing the mass of plants
and seeds after maize ear threshing. To conduct
laboratory analysis, seed samples were chosen.
Seed moisture was determined with Wile-55
electronic moisture meter and the drying method
in the drying chamber. The seed protein content
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was tested with Infralum FT-10 infrared analyzer.

3. RESULTS AND DISCUSSION:

According to the results of field studies, it
was revealed that maize hybrids mostly formed a
pre-harvest height at the level of 160.0-280.0 cm.
Better conditions for growth were in the BSAU's
scientific training center in the Ufa district (Figure
2). Three hybrids had the maximum height:
Mashuk 250 MV (275 cm); Mashuk 220 MV (260
cm), and Shikhan (250 cm). The hybrid K-140 had
the minimum height indicators in this experiment
(175 cm). In conditions of "Agro Tanyp" farm,
located in the Tatyshly district, the highest height
of plants was in hybrids Mashuk 250 SV (260 cm),
Mashuk 175MV (250 cm) and Newton (250 cm).
The minimum height was found in hybrid K-140
(185 cm).

Seed yield development in maize hybrids
in the conditions of two zones were studied along
with finding the above-ground mass of the crop in
the phase of milky-wax ripeness of seeds. When
maize is grown according to the cereal seed
technology, the green mass yield of the studied
hybrids in the conditions of the BSAU's scientific
training center of the Ufa district ranges from 33.7
to 68.8 t/ha (see Figure 3). The top three hybrids
in terms of yields included: Mashuk 175 MV (68.8
t/ha), Baikal (59.6 t/ha), and Shikhan (56.7 t/ha).
The minimum yield was formed in Mashuk 140
hybrid (33.7 t/ha). There is a close correlation
between plant height and yield of green mass
(r=0.823). In the conditions of the "Agro Tanyp"
farm in the Tatyshly district, the green mass yield
of maize hybrids varied within 32.8-56.7 t/ha. The
top three hybrids in terms of yields included: K-170
(56.7 t/ha), Shikhan (55.67 t/ha), and Mashuk 170
MV (54.99 t/ha). The K-160 hybrid had the lowest
yield (32.8 t/ha).

In the conditions of the Middle Cis-Urals, it
is essential to evaluate hybrids by seed moisture
at the time of maize harvesting in this zone. Hybrid
seeds had different moisture content depending
on the group of ripeness (28-63.5%). 2 hybrids,
namely Mashuk 140 and K-140, had the lowest
moisture content at harvesting. Other hybrids had
high moisture content (Table 1). With the standard
moisture content being 14%, the seed yield of
maize hybrids in the conditions of the "Agro
Tanyp" farm ranged from 3.17 to 6.3 t/ha. The
highest yield was received from the hybrid Uralskii
150 (5.45 t/ha). The yields of Baikal (5.38 t/ha) and

Mashuk 170 (4.98 t/ha) hybrids were a bit lower.
Under the conditions of the BSAU's scientific
training center, the seed yield of hybrids at 14 %
moisture content was 2.50-6.76 t/ha. The highest
grain yield was provided by the Uralskii 150 hybrid
(6.76 t/ha). Relatively high productivity rates were
observed for Mashuk 150 (6.57 t/ha), Baikal (6.16
t/ha), and Shikhan (5.89 t/ha) hybrids.

Thus, different soil and climatic conditions
made it possible to evaluate and identify highly
productive maize hybrids for the conditions of the
studied farms. Nur, Uralskii 150, Mashuk 150 MV,
Mashuk 170 MV short-season hybrids (FAO 150-
199) are the most suitable for the conditions of the
northern and southern forest-steppe of the
Republic in terms of ripening and yields. To get
high-quality as well as high-energy silage, it is
advisable to grow short-season hybrids Mashuk
171, Mashuk 175 MV, Mashuk 185 MV, and
Katerina SV.

Academician Sotchenko V.S., professor
Shlapunov  V.N., cytogeneticist McClintock
Barbara, plant breeder Borlaug Norman Ernest
argue that a higher nutritional value of feed for
cows requires hybrids adapted to a particular soil
and climate conditions (Barry et al., 2017;
Ismagilov et al., 2019; Omokanye et al., 2013).
When there is insufficient heat, it is necessary to
use early-maturing hybrids. Their yield is not high,
but the nutrient content is much higher. These are
hybrids of 140-150 FAO (Lin et al.,, 2019). In
conditions with heat security, hybrids of 170-200
FAO can be sown. In Northern Kazakhstan, the
average yield of dry matter was 4.8 t/ha
(Sotchenko et al., 2018). However, there can be a
sharp decline in yields in dry years and when
summers are short and cold.

Maize productivity depends not only on
climatic conditions but on soil factors and mineral
nutrition (Falade et al., 2017; Pandurovic et al.,
2013). Under the conditions of Ogallala Aquifer,
the maize seed yield ranged from 5.2 + 1.0 t/ha to
7.4 £ 0.7 t/ha with the highest value when treated
with mineral fertilizer and the lowest value when
composted with 100% fertilizer (Ayhan et al., 2013;
Barry et al.,, 2017; Lin et al., 2019). The maize
productivity largely depended on the level of
nutrient supply. Maize programs run by private
companies typically conduct extended product
testing in multiple growing environments to better
recommend new hybrids, as well as providing
farmers with an opportunity to evaluate their
products by DuPont Pioneer in Minas Gerais and
Goias States. The yield of the new hybrids was at
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the standard level exceeding the control variants
in some conditions (Xu et al., 2019a, 2019b).

To increase the nutritional value of maize
silage, there were carried out tests on adding
legumes. The latter is considered to be an
important element of sustainable agriculture.
Legumes provide biological nitrogen fixation that
increases the protein content in the diet. Thus,
depending on the local conditions, it is necessary
to select the elements of technology that increase
the productivity of maize hybrids, thereby
increasing the nutritional value of feed, taking into
account their economic efficiency.

4. CONCLUSIONS:

The plant height of the studied maize
hybrids selected by the All-Russian Research
Institute in the conditions of the Middle Cis-Urals
varies from 160.0 to 280 cm. The seed yield of
maize hybrids studied in two soil-climatic zones of
the Middle Cis-Urals ranges from 2.50 to 6.76 t/ha.
Uralskii 150 (5.45 t/ha), Baikal (5.38 t/ha), and
Mashuk 170 MV (4.98 t/ha) hybrids have relatively
high seed productivity.

When cultivating maize hybrids on the
seed technology, they develop a green mass at
the level of 30.68-68.80 t/ha. The hybrids K-170
(56.7 t/ha), Shihan (55.67 t/ha), and Mashuk 170
MV (54.99 t/ha) showed the highest productivity
with the milky-wax ripeness phase of seeds. The
K-160 hybrid had the lowest yield (32.8 t/ha). The
received data will allow selecting maize hybrids
with high yield and nutritional value for farms with
similar soil and climatic conditions and to prepare
diets for highly productive dairy cows and beef
cattle.
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Figure 1. Map of Russian regions.
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Figure 2. The height of maize plants in the "Agro Tanyp" agricultural production cooperative of the
Tatyshly district and the scientific training center of the Bashkir State Agrarian University located in
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Figure 3. Maise green mass yield in "Agro Tanyp" of the Tatyshly district and the BSAU's scientific
training center of the Ufa district (the milky-wax ripeness phase of seeds, 2019)
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Table 1. Seed moisture content and yield depending on hybrids (2019)

Hybrid “Agro Tanyp” agricultural production the scientific training center of the
cooperative BSAU

Seed moisture Seed yield at the Seed moisture at Seed yield at the

at harvesting standard moisture harvesting standard moisture

content(14%), t/ha content(14%), t/ha
Mashuk 140 28.00 4.81 25.00 4.43
K-140 29.00 4.43 25.20 5.47
K-150 32.00 4.24 29.30 5.37
Uralskii 150 30.10 5.45 28.40 6.76
Nur 32.20 3.73 29.20 5.68
Mashuk 150 31.50 4.21 29.80 6.57
Biliar 160 42.00 413 35.30 4.74
K-160 43.60 412 36.20 5.21
K-170 54.30 4.98 38.60 5.05
Shikhan 54.00 4.53 38.00 5.89
Katerina SV 55.00 4.04 45.30 5.42
Baikal 54.30 5.38 46.20 6.16
Mashuk 175 MV 58.60 3.25 49.10 5.23
Mashuk 170 MV 58.40 4.45 47.60 5.27
Mashuk 171 62.00 4.27 48.10 5.75
Mashuk 220 MV 62.20 3.27 55.30 2.77
Newton 62.40 3.17 59.20 5.29
Mashuk 250 SV 63.50 3.43 59.30 2.50
HCPos 0.28 0.15 0.31 0.16
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