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OPTIMIZATION OF NUTRITION AND ACCUMULATION
OF ABOVEGROUND BIOMASS BY TRITICALE PLANTS

Gamayunova V. V., Chaikina O. I.

INTRODUCTION

Ukraine is known worldwide as a producer of high-quality grain.
State programs for the development of Agriculture for 2020 yr provide
for an increase in grain production up to 80 million tons.

Of this amount, almost half of the planned shaft, namely 35.6 million
tons of winter wheat were allocated. The availability of adapted varieties
and modern technologies allow such tasks to be really performed.
However, weather instability, both during the sowing season and during
the winter, makes some adjustments annually to the problem of
stabilizing the yield of winter crops.

This issue depends to a certain extent on the level of frost and winter
hardiness of crops and even selection of individual varieties. At the same
time, it is known that in extreme difficult weather conditions, this
characteristic of these winter crops should be taken into account when
compiling the structure of sown areas. This feature should be taken into
account when drawing up the structure of sown areas.

So far, winter crops are generally represented and provide the planned
volume of production mainly due to winter wheat, and rye and ftriticale
are still little grown, although they are more winter-resistant than wheat.
For stable grain production in all years of growing, regardless of the
weather conditions of vegetation, for reducing risks, for example, in the
Left-Bank Forest-Steppe of Ukraine they propose to include 85-88 % of
soft wheat, rye and triticale 10-12 % in the structure of winter crops, as
well as 3-5 % of the area to occupy Barley".

If it is necessary to re-sow winter crops, in spring, as a rule, the area
is occupied by spring barley, much less by spring wheat and even less by

! Ps6uyn H. I. MeTooM10TiuHi OCHOBH BU3HAYAHHS 3UMOCTIHKOCTI, MOHITOPHHTY
mociBiB Ta (GOpMyBaHHS YpOKaWHOCTI O3MMHX 3E€pPHOBUX KYJIBTYp : aBTOped.
IC. ... A-pa c.-T. Hayk, cren. 06.01.09. Xapkis, 2015. C. 31.
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triticale, although there is a need and demand for grain
of this valuable crop®.

1. Literature review

Triticale is a relatively new winter or spring plant that is artificially
created by crossing rye with wheat. It is grown as a food and grain crop
in the same regions as winter wheat and rye. Triticale varieties have a
high agroecological plasticity to growing zones and their winter
hardiness is dominated by winter wheat varieties.

As for the development and phenophases, triticale plants have the
same stages of organogenesis as rye and wheat. These crops are
characterized by a well-developed root system and they are able to
absorb nutrients better than wheat. It also bushes more intensively than
rye and wheat. The crops are relatively new, as triticale has been grown
for more than 120 years, while barley and wheat are about 10 thousand
years old, and Rye is 7 thousand years old. Triticale grain is larger than
rye and wheat and contains 1.5-2.0 % more protein than the latter, but it
is characterized by a rather sticky and stretchable gluten, which is why it
has worse baking and technological qualities compared to wheat.

Triticale flour is widely used for the production of high-quality
cookies and cakes due to such property, since it contains low-quality
gluten. Triticale bread is white, almost the same as wheat bread, but
inferior to it in volume, it is somewhat sweet and useful for diabetics and
people prone to obesity.

Triticale grain, due to its high enzymatic activity, can be successfully
used in the alcohol-burning, brewing industry and for the production of
starch.

This crop is suitable for growing in most regions of Ukraine (steppe,
forest-steppe, Polesie) and with high agricultural technology it is able to
form a grain yield of 5-6, and yield of green mass of 45-55 t/ha.
Therefore, it can be widely used for the manufacture of food products
and in fodder production. There is evidence that the addition of 30 %
triticale grain to mixed fodder contributes to a significant increase in
young cattle.

2 Tamaronosa B. B., Hdeopeupkuii B. @., Cugsxina O. B., I'mymxo T. B.
®dopMmyBaHHS HaA3eMHOI Macd spUX MIICHHUI[ Ta TPUTHKAalE TMiJ BIUIMBOM
onruMmizamii ix >kuBieHHs Ha [liBgHi Ykpaiau. Bichux KHAEY. XXutommup, 2017.
Ne2(61). T. 1. C. 23.
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Given the still insignificant area under this crop in Ukraine and its
value, it is necessary to develop and improve the main elements of
agricultural technology for growing triticale in all areas of the country.
We conducted a study on spring triticale (2014-2016 yrs) and winter
crops (20172020 yrs), studied one of the main factors influencing the
formation of crop productivity such as nutrition optimization, which
occupies the second line among all the components of growing
technology, the first most limiting factor is moisture. The growth
processes of triticale plants, growth of height, aboveground biomass, leaf
surface area, and so on were studied. After all, regardless of the growing
area and crop, an important role in the development of plants is played
by aboveground biomass, from which they mobilize carbohydrates and
nitrogen-containing substances to form a productive part of the crop.
Therefore, the formed aboveground apparatus already from the initial
phases of plant growth processes acts, as a rule, as a prerequisite for
obtaining stable crops. According to the results of a number of studies
conducted with many crops, a close relationship was established between
the level of yield and accumulated biomass.

This issue is particularly relevant in the south of Ukraine, including
due to the growing aridity and temperature regime. After all, under such
conditions in grain plants, part of the leaf apparatus dies off already in
the grain filling phase®. The increase in aboveground biomass of plants is
facilitated by optimal provision of all the necessary elements of nutrition,
moisture and other factors. Accordingly, when creating the desired
parameters of plant habit, you can expect maximum crop productivity.
That is, all the factors and elements of technology that ensure the growth
of the aboveground apparatus affect upon the internal processes
occurring in plants and the level of future yield*>. To the greatest extent,

8 Bimanaa 1. O., Bmamyk O. C., Kosupes B. B., Tomuuuekuii A. B.
EdexTHBHICTE CyMiCHOTO 3acTOCYyBaHHS JOOpPHB Ta MIKpOOHHX IIperapariB IpH
BUPOIIYBaHHI CLIBCHKOTOCIIONAPCHKUX KynbTyp Ha IliBaHi Ykpainu. 3poutysane
semnepobemso. Xepcon, 2013. Ne 60. C. 55.

* Tocronapenko I'. M., JTio6ud B. B. Peakitist copTiB TpHTHKAIIE IpOTO Ha PiBEHB
A30THOTO JKMBIICHHSA. 30ipHUK HAYKOBUX NPAYb YMAHCLKO20 0ePHCABHO20 A2PAPHOZO
ynieepcumemy. Cepisn Aeponomis. YManb, 2009. Bun. 72. Y. 1. C. 23.

® 'amaronoBa B. B., Bopeupkuii B. ®@., Cugsxina O. B. ®opmyBaHHs Bpoxkaio
TPUTHKaNe spOro 3aleXHO Bin (OHY OIKHBICHHS Ta MEPEANOCIBHOIO
obpobGuennst Hacinus. Haykoei eopusonmu, «Scientific Horizons». Zhytomyr, 2018.
Ne 7-8 (70). C. 7.
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this is influenced by plant nutrition and, above all, providing them with
nitrogen®’.

Thus, as many researchers have determined, the growth processes and
accumulation of aboveground biomass by plants are quite strongly
determined by the conditions of their nutrition. Thus, in the conditions of
the Mykolaiv region, even low doses of nitrogen fertilizer increased
bushiness, the number of nodal roots and the growth of the aboveground
part of spring wheat plants®. Other researchers report on these positives
of nitrogen nutrition, pointing out that with their lack, spring wheat is
weakly bushy, it forms little leaves (it forms a poorly developed area of
the assimilation surface) and, accordingly, it sharply reduces its
productivity, too®. Similarly, the optimization of nutrition and, above all,
the supply of nitrogen compounds to plants, as we have already noted,
affects the growth and development of triticale plants™.

Triticale (Triticosecale) is a winter or spring cereal plant artificially
created by breeders by crossing rye with wheat. The plant’s name
Triticale, Triticosecale, comes from the Latin names of wheat
(Triticum L.) and rye (Secale L.). Triticale exceeds both parent plants in
a number of key characteristics (yield, nutritional value), and in terms of
resistance to adverse weather conditions and disease damage, it exceeds
wheat and is not inferior to Rye, as we noted.

Triticale grain does not provide high-quality bread products due to
the low gluten quality. However, white bread in terms of taste is almost

® JlioGuu B. B. BIUMB a30THOTO JKMBICHHS Ha BPOXKAHHICTE i KOPMOBi
BJIIACTUBOCTI 3€pHA TPUTHKAIE sIporo. Hayxkosuil gicnuk JIbeiecbko2o nayionansHo2o
yuieepcumemy eemepunaphoi meduyunu ma Giomexnonoziu im. C. 3. Idcuybkozo.
JIeBiB, 2009. T. 11. Ne 2-3 (41). C. 133.

" Oinomenko T. A. 3abesmeueHicTh CilbCHKOTOCMOJAPCHKUX  KYITYP
€JIEeMEHTaMH JKHBJICHHS Ta 1X YPOXXalHICTh 3aJIe)KHO BiJl 3aCTOCYBAHHS 3POCTAIOUMX
103  a30THUX JA00pHB. Bicnuxk  Xapkiecbkozo — HAYiOHANLHOZO — A2PAPHO2O
yunisepcumemy. Cepisn: Ipynmosnaecmeo, —azpoximis, 3emaepobcmeo, —Ricoge
2ocnooapcmeo. Xapkis, 2015. Ne 1. C. 134.

8 Anppiituerxo JI. B. ILIISXH miBAIICHHS BPOKAITHOCTI Ta SKOCTI 3¢pHA TBEPIOi
spoi mmennni na [liBmgHi VYxpainw. Bichux aepaprnoi uayku I[Ipuuopromop 's.
Muxkomnais, 2006. C. 31.

® IlleBHikoB J1. M. Bruiu MiHepaibHUX JOOPHB Ha MOXKHUBHUI PEXHUM IPYHTY 3a
BUPOIIYBaHHS MIICHHUIN TBEpAOi sApoi. Bichuk [lommascekoi depowcaenoi azpapnoi
axaoemii. [Tonrasa, 2012. Ne 2. C. 204.

0 Bimitiok A. TI. ATrpOTEXHONOriuHi OCHOBM BHPOLIYBAHHS TPHTHKAJIE
B YkpaiHi. Aeponom: maykoeo-gupoonuyui ocypuar. Kuis : TOB «Arpomeniay,
2005. Ne 3. C. 27.

180



the same as wheat bread from high-quality flour, has a pleasant taste and
aroma, specialists have already developed new technologies for factory
baking bread varieties from a mixture of triticale and wheat. Scientists
emphasize that triticale grain belongs to the most promising types of
plant raw materials for expanding the range of Healthy Food Products,
Functional Food Additives, since it exceeds wheat and rye in terms of
protein, amino acids, vitamins, macro— and microelements, and
biologically active substances™.

Modern varieties of triticale, in particular Ukrainian selection, are
sown to produce green fodder, silage, hay. Given that triticale grain is a
good source of protein with a balanced amino acid composition, and it
also surpasses other cereals in terms of digestible protein content,
increasing of its production will provide animal husbandry with high
quality grain feed. Straw is also used for animal feed, as bedding for
livestock, or as an organic fertilizer. Triticale is still grown in Ukraine on
a limited area (up to 100 thousand hectares). This is explained by the fact
that its ears easily break off during maturation and harvesting is difficult;
in some years, there is also a significant grain gap and the grain is
formed puny™.

Triticale has a well-developed root system, which after grain
germination prevails in wheat growth, as well as due to the presence of a
significant waxy coating of triticale on the shoots and winter wheat
prevails in drought resistance. This is especially noted for the varieties
ADM-8, Kievskoe Rannye, Amphiploid 296, which can withstand
drought well throughout the growing season. However, in most other
varieties, in dry weather, during the period of intensive growth of the
vegetative mass (in the stooling phase and even more so during the
formation and pouring of grain, when the lack of moisture delays the
growth of grain and the deposition of organic substances in it), the fine
grain is formed, weighing 1000 PCs. which does not exceed 35-40 G
instead of the usual mass of about 50-55 G. Soil moisture at 70 % HV is
favorable for triticale.

1 Mensenes A. M., Mensenesa JI. M. O HemocTaTkax W IMPEUMYIIECTBAX
TPUTUKAJIC B CPABHEHUU C JPYTHMMHU 3€pPHOBBIMU pacTeHusMuU. Ipumuxane Poccuu :
Mamepuanvl 3acedanuss cexyuu mpumuxane. PoctoB-Hallony : PACXH, 2008.
T. 67. C. 143.

2 Bimitiox A. I1., Wycrep H. ®. BupoiyBaHHsl iHTCHCHBHHX arpoleHO3iB
TPUTHKaJIC 03UMOT0 B yMoBax 3axigHoro Ilomicest Ykpaiau. 36ipnux naykosux npays
Boauncwrozo incmumymy AIIB. JIynpk, 2006. C. 77.
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In terms of frost resistance, triticale occupies an intermediate place
between winter wheat and rye, it withstands temperature drops at the
depth of the tillering node to minus 17-19 °C, sometimes up to minus
20°C, and in terms of winter hardiness it is more close to winter wheat.
For Ukrainian farmers, harvesting, as a rule, is extremely difficult.
Moisture deficiency in autumn and frosty spring make their adjustments
to the plans of agricultural producers of almost all of Ukraine and can
provoke a significant shortage of winter wheat yields, therefore, the high
potential of triticale grain yield and green mass, increased adaptive
properties to unfavorable conditions (winter hardiness, drought
resistance, soil unpretentiousness, resistance to fungal diseases) and the
high quality of the grain has ensured that this crop is recognized in the
world as both food and fodder.

The culture is most widely distributed in Poland, where its area
reached 1.258 million square meter hectares. In 2010 yr, Belarus grew
more than 425 thousand hectares of triticale. And the highest yield
indicators were achieved by Germany as 5.4 up to 5.7 t/ha of grain for
growing on an area of 404.4 thousand hectares.

Currently, there are no official statistics on acreage and triticale grain
production in Ukraine. According to unofficial data of the Volyn state
agricultural Experimental Station (DSGDS) of the Institute of
Agriculture of Western Polesie of the National Academy of Sciences
(ISGZP) and the V. Y. Yuryev Institute of crop production, almost 200
thousand hectares are occupied under crops, of which about 80 thousand
hectares are located spring triticale. The main areas of winter triticale are
located in Volyn, Dnipropetrovsk, Donetsk, Kharkiv areas of spring
triticale are in Poltava and Lviv regions.

So triticale in terms of yield and nutritional value exceeds both parent
plants, and in terms of resistance to adverse weather conditions and
disease damage exceeds wheat and is not inferior to rye. Therefore, the
expansion of winter triticale sowing areas in the modern period will
allow farmers of Ukraine to steadily receive high grain yields with a
reduction in the risk of grain shortages in extreme weather years™.

Now this is extremely important, as every year there are changes in
climatic conditions in the direction of increasing aridity, in which the

18 Hlunak I'. B., Ilerposa A. II., llleBuenko E. H., lllunak B. I'. Pe3ynbTaTsl
CeJNEeKIIMY 03UMOM TpUTHKaJle Ha YPOXKAMHOCTb, 3UMOCTOMKOCTh M KAa4e€CTBO 3€pHA.
Bicnux [[H3 AIIB. Xapkis, 2010. Bum. 9. C. 183.
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triticale crop will be able to contribute to the fulfillment of the task of
balancing grain production in our country.

The analysis of literature sources and our previous studies with the
triticale spring in particular for the effects on the patterns of growth and
development of plants of nutritional optimization with the addition of
modern biologics to this event, gave us grounds for conducting
experiments in this direction with winter triticale culture.

2. Purpose, objectives and methodology of the research

The purpose of the research was to develop and study questions on
improving the nutrition of plants of the triticale of spring and winter.
Spring triticale of the Kharkiv Solovey variety and winter triticale of the
Bouquet variety were taken for study. Schemes of experiments with
spring triticale are given in the corresponding tables.

Research on spring triticale was carried out on Southern chornozem
in the National Research Center of Mykolaiva NAU during
2014-2016 yrs and on winter triticale it was on common chornozem in
the conditions of the farm “Veles Krivoozerschina”, which was located
in the Krivoozersky District of Mykolaiv region in 2017-2020 yrs.

In addition to mineral fertilizers, in the doses recommended for the
study zone, resetting substances and biologics were also used, in
particular, when growing spring triticale, they treated seeds before
sowing and plant crops in the phase of plants entering the tube once and
twice for vegetation — except for the previous one at the beginning of
spiking. Seeds on the day of sowing were processed manually by Escort-
Bio — 50 ml of the drug per hectare rate of seeds at 1.0 % concentration
of the working solution. Plant crops were treated with biopreparations:
Organo-mineral fertilizer D2 (1.0 I/ha) and Escort-Bio (0.5 I/ha) at the
rate of a working solution of 200 I/ha.

When growing winter triticale, in addition to mineral nitrogen
fertilizers, modern growth stimulators as Rost Concentrate and Micro-
Mineralis were used to treat sowing plants in the tillering phase, stooling
and starting earing in doses of 1.5 I/ha with a loss of a working solution
of 200 I/ha.

3. Research results
Studies with winter triticale were conducted according to the
following scheme:
1 — monitoring; 2 — N3g (to sow) — background; 3 — background +
Ngo (in the spring bush); 4 — background + treatment of plants
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(in the bush phase, plant entry into the tube, beginning of spiking) with
ROST-concentrate growth stimulants; 5 — background + treatment of
plants (in the bush phase, plant entry into the tube, beginning of spiking)
with Micro-Mineralis growth stimulants.

Studies have determined that the increases in the above-ground
biomass of plants triticale both spring and winter, significantly
influenced the created backgrounds of nutrition by applying fertilizers
and using biologics taken for study. In particular, in spring triticale
plants, the intensity of biomass accumulation during the main periods of
vegetation grew under the influence of both fertilizers and plant feeding,
and under the influence of pre-treatment of seeds (Fig. 1).

3000

2000

1000

Without seed With seed treatment

treatment ETillering EStooling BEEaring

Fig. 1. Accumulation of raw aboveground biomass by spring triticale plants
(average power factor for 2014-2016 yrs), g/m?

With a similar dependence, the accumulation of dry above-ground
biomass by plants changed (Table 1.), because this indicator is
calculated.

The data in Fig. 1 and Table.1 show a positive effect of nutritional
optimization on the growth of aboveground biomass by spring triticale
plants. So, on average, over the years of research, already in the tillering
phase, only under the influence of pre-sowing seed treatment, raw
biomass increased by 10.8 %, and dry biomass increased by 11.8 %.
These indicators of growth of raw and dry biomass were also quite close
in subsequent periods of determination (in the phases of plant stooling
and earing — In the range of 9.7 up to 10.1 %). We also determined the
average daily growth of plants of raw and dry biomass in the main
interfacial periods depending on the pre-treatment of seeds and plants,
that is, by optimizing their nutrition (Fig. 2).
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Influence of background nutrition, treatment of seeds
and plants of spring triticale on formation
of dry above-ground biomass (average for 2014-2016 yrs), g/m?

Table 1

Without seed With seed treatment
treatment
Variant of nutrition (factor B)
(factor A) ? g o En g o
S |1 8158|218 %
= % @ =] % @
1. without fertilizers — control 95 213 | 420 | 105 | 230 | 455
2. N3gP3, before sowing —
background 115 | 282 | 590 | 131 | 312 | 653
3. NgoP3q before sowing 198 | 440 | 695 | 222 | 482 | 785
4. Background + Ny 125 | 457 | 713 | 140 | 512 | 800
(ammonium nitrate in Phase 1)

5. Background + D, (in Phase 1) 120 | 438 | 642 | 134 | 482 | 705
6. Background + Escort (in Phase 1) | 119 | 435 | 650 | 132 | 480 | 710
7. Background + D, (inPhase 1 & 2) | 124 | 445 | 640 | 138 | 484 | 706

8. Background + Escort
(in Phase 1 & 2) 122 | 440 | 641 | 135 | 478 | 705
9. Background + N3
(Urea in Phase 2) 122 | 435 | 630 | 138 | 482 | 692

“Notes: Phase 1 — plants entering the tube

Phase 2 — beginning of spiking

As established by our studies and definitions, this indicator, under the
influence of the factors that took on the study, increased, especially for

feeding on the background of seed treatment before sowing.

In the same way, under the influence of mineral fertilizers and
resetting biologics, the accumulation of above-ground biomass by winter
triticale plants occurred and changed (Fig. 3).
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Fig. 2. Average daily increase of dry aboveground mass by spring triticale plants
on average by Factor A (average for 2014-2016 yrs), g / m?
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Fig. 3. Growth of aboveground biomass by winter triticale plants
under the influence of nutrition (average for 2017—2020 yrs), g/m?

Starting from the tillering phase, winter triticale plants accumulated
biomass most intensively during early spring top dressing with nitrogen
at a dose of Ny (variant 3). That is, plants immediately after the
introduction of fertilizer began to respond to its use by intensively
increasing the growth of above-ground biomass. This trend persisted
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until the beginning of the spring growing season. Slightly smaller
increases were provided by the treatment of winter triticale crops with
Micro-Mineralis and Rost Concentrate. Re-regulating preparations after
the second feeding of plants (at the beginning of entering the tube) do not
differ, even acquire a slight advantage compared to N4o, and especially
due to the treatment of seeding with Rost concentrate.

At the same time, it should also be noted that the aboveground
biomass of winter triticale plants increased with different intensity
depending on the variants for using fertilizers (mineral nitrogen) and
fertilizing with growth stimulants in individual years of cultivation. At
the lowest rate, this occurred depending on the conditions that they
developed during certain periods of vegetation of plants. So, in the
conditions of the driest autumn of 2017 yr. during the tillering phase, the
aboveground biomass of plants was determined to be the lowest
compared to other years, and already at the beginning of the resumption
of spring vegetation in the following 2018 yr, plants grew with
significant intensity and the accumulated aboveground biomass did not
differ significantly compared to subsequent years of research. On the
contrary, during this period of sampling and determination, the smallest
biomass was accumulated by plants in 2020. This indicates that the
formation of the green mass of winter triticale is significantly influenced
by weather conditions — the temperature regime and the amount of
atmospheric precipitation for the general period and in the section of
individual vegetation phases. Feeding three times for vegetation in all the
phases determined by the scheme (bushes, plant entry into the tube and
spikes) ensures the accumulation of a significant amount of green mass
in the case of using and beveling plants of winter-to-feed animals that
often take place in farms (Fig. 4).
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Fig. 4. Yield of aboveground green biomass triticale winter depending
on nutritional optimization during growing years, t/ha

It seems that there is a fairly close relationship between the
accumulated biomass of all agricultural crops, including cereals, and the
number, mass of leaves and the area of their assimilation surface. Let’s
show this with the example of spring triticale, the leaf area of whose
plants grew under the influence of nutrition optimization.

For most grain crops, the optimal leaf surface area is 35-50 thousand
m?/ha, and the photosynthetic potential is 1.8-2.0 million ton
m?x days/ha™*®.

The formation of the leaf apparatus of plants is influenced by many
factors, among which the level of mineral nutrition plays an important
role. By optimizing the nutrient regime, it is possible to increase both the
size and productivity of the assimilation surface of plants. This is also
confirmed by the results of our research. According to the data obtained,
during the growing season, the leaf surface area of fertilized spring
triticale plants was larger than that of unfertilized ones. It reached its
maximum size in all variants of the experiment during the earing
phase (Fig. 5).

1% Cunerosckas B. T., AopocumoBa T. E. AxktuBuszarus (HOTOCHHTETHUECKON
JCATCIIBHOCTH ﬂpOBOI;'l NIICHUIBI NOPpU JIUTCIBHOM HNPUMEHCHUU y}106p6HI/II>'I.
Becmnux Poccutickoii akademuu c.-x. nayk. 2006. Ne 5. C. 48.

15 Gamayunova V., Sydiakina O., Dvoretskyi V., Markovska O. Productivity of
Spring Triticale under Conditions of the Southern Steppe of Ukraine. Ecological
Engineering & Environmental Technology. 2021. Ne 22(2). P. 107.
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Fig. 5. Influence of nutrition optimization on the leaf surface area of spring triticale
during the main growing season (average for 2014-2016 yrs), thousand m’ / ha

The polynomial correlation and regression relationships calculated by
us between the leaf surface area and the grain yield of the crop showed
that in the tillering phase and the stooling phase, there is a significant
relationship between these indicators, both in variants with pre-sowing
seed treatment and without treatment. The coefficient of determination
(R2) for spring triticale ranges from 0.579 to 0.678, which characterizes
such a statistical relationship as significant.

In the earing phase without pre-sowing seed treatment, a strong
degree of statistical relationships was established between the
assimilation surface of triticale plants and grain yield. The coefficient of
determination is 0.824. During pre-sowing seed treatment, a very strong
statistical relationship was established between these indicators. The
coefficient of determination was set at 0.901.

Pre-sowing treatment of seeds with bacterial liquid fertilizer Escort-
Bio increased the photosynthetic potential in all nutrition options. On
average, for factor A, this increase in the triticale was 0.05 million m%ha
days or 2.6 % (Table. 2).

An important indicator of the photosynthetic activity of crops is the
net productivity of photosynthesis, which characterizes the efficiency of
the assimilation surface and reflects the real possibilities of
agrobiocenosis in relation to the synthesis of organic matter more fully
than the leaf area.
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Table 2
Photosynthetic potential of spring triticale sowing for the period
tillering — earing (average for 2014-2016 yrs), min. m’/ha days

Variant of nutrition (factor A)
ko)
c —
— >3 —
o < )
- =) bed - =
= X =) < - . <
51 2| £ 285 |5 |as|kal2s] 5
Seed o | T 8 |¥E|ro|da|re|da|Tg| &
treatment b o> o |[28|zg|rglea|lro|28| &
(factor B) = g S % s|38|88|38|28|13%| &
bl <) B S C| =Q 8 Q 5 oo} g Q| == ©
S @ 2| 2| S| PS5 28| 2
b @ 8 X S| D | O > s £ 8
- - a S2| s X TS| XcS| & ]
3 £ s |&S| S8 = ns|gs|a2| S
£ 8 z g m m <
2 5.; g
=2
Wt'rt:;‘;: eslfted 144 | 1,63 | 2,07 | 2,01 | 2,00 | 2,01 | 2,01 | 2,01 | 2,01 | 1,91
‘t’;’e'gt‘nﬁ‘;ﬁ‘ﬂ 147 | 168 | 2,12 | 207 | 2,06 | 2,06 | 2,05 | 2,06 | 2,04 | 1,9
b}f}’:gf(% 146 | 1,66 | 2,10 | 2,04 | 2,03 | 2,04 | 2,03 | 2,04 | 2,03 | 1,94

We also determined the net performance of photosynthesis of spring
triticale seeding and its changes under the influence of optimal nutrition
(table 3).

The calculated polynomial correlation-regression relationships
determine that there is a very strong relationship between the net
photosynthesis productivity and the yield of triticale grains, both in
versions with pre-treatment of seeds and without it. The value of the
determination coefficient (R2) defined by us ranges from 0.928 to 0.949,
that is, it ranges from 0.9 to 1.0, which on the Cheddar scale
characterizes such a statistical relationship as very strong.
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Table 3
Net photosynthetic productivity of spring triticale for the period of
tillering — earing (average for 2014-2016 yrs), g/m® per day

Variant of nutrition (factor A)
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Without
seed 225 | 292 | 240 | 292 | 261 | 264 | 257 | 258 | 253 | 2560
treatment
Withseed | 53 | 311 | 265 | 319 | 278 | 281 | 277 | 277 | 271 | 280
treatment
Average | 50 | 302 | 253 | 306 | 270 | 273 | 267 | 268 | 262 | 270
by factor B

CONCLUSIONS

The article justifies that the triticale culture is relatively new, so far
little common and insufficiently investigated plant, which has winter and
ravine forms. It is characterized by high agroecological plasticity to
growing zones, and in terms of winter resistance, its winter form is
dominated by winter wheat and barley.

The article also contains research materials on the impact of
nutritional optimization on the growth processes of plants of the spring
and winter triticale, their accumulation of above-ground biomass,
assimilation apparatus, etc. It was established that mineral fertilizers,
treatment of seeds and plants with modern biologics on the background
of mineral fertilizer significantly increases all the investigated indicators
of the growth processes of triticale plants.

So, already in the phase of plant smoking, the spring triticale from
pre-treatment of seeds, the accumulation of above-ground biomass
increased significantly compared to control (for treating seeds with
water). The amount of raw material during this period of vegetation
increased by 10.8 %, and dry — by 11.8 %. In subsequent phases — the
release of plants into the tube and the spikes of the growth of above-
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ground biomass grew by 9.7-10.1% only from the start of seed treatment
before sowing. Extracorporeal feeding with nitrogen fertilizer or
biologics more significantly increased these indicators compared to the
control, as well as average daily increases in individual periods — up to
3 times on average.

Accordingly, when exposed to nutritional optimization, the
assimilation surface area of triticale plants, photosynthetic potential and
net photosynthesis performance increased. Close correlation
relationships are determined between most of the indices that
characterize the growth processes of plants in the spring triticale and the
level of grain yield.

Winter triticale plants also reacted significantly with a similar
dependence on improving nutritional conditions. Thus, if 37.0 g/m?® of
raw aboveground mass was accumulated in the control during the
autumn bush, then in fertilized versions this indicator increased to
443.3 g/m? and in the spring smoking phase (resumption of spring
vegetation), respectively, from 1297.6 to 1735.0 g/m?. Already at the
time of the beginning of spiking, when, in the presence of livestock
farming and the need for juicy feed, triticale crops are mowed to green
mass, the above-ground biomass of fertilized plants grew to
69.4 % compared to the control (35.0 and 59.3 tons/ha were
formed, respectively).

So, we hope that our research on improving the nutrition of winter
and spring triticale plants, as one of the main effective influences on the
level of crops and grain quality, will contribute to the wider introduction
of this valuable crop into production and the expansion of the areas
occupied by them, including in the southern Steppe zone of Ukraine.

SUMMARY

The crop of spring and winter triticale is still sparsely distributed, but
it is characterized by high plasticity, winter hardiness and grain quality.
Studies have determined that this grain crop is able to enhance growth
processes under the influence of improved nutrition. Seed treatment
before sowing, application of mineral fertilizers and top dressing of crops
with biopreparations helps to increase the height of plants, accumulate
biomass, increase the leaf surface area, and so on. So, during the autumn
tillering period, winter triticale plants in the control accumulated
372 g/m* of raw aboveground biomass, then in fertilized versions this
indicator increased up to 443.3 g/m?, and in spring during the resumption
of spring vegetation it increased respectively 1297.6 up to 1735.0 g/m®.
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Close correlations between individual plant growth indicators and the
level of grain yield are determined.
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