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Abstract: in experiments with spring wheat held on sod-podzol medium loamy soil, it has
been found out that at the wheat plants 'productivity grows significantly when the level of nitrogen
nutrition is increased. At the same time, the accumulation of gluten proteins in grain also increases,
but so does the activity of a-amvlase in the mature grain and therefore gluten rheologicalproperties
deteriorate. Foliar nitrogen fertilization of wheat in the early phase of grain formation enhances
the accumulation of gluten proteins in it and reduces the activity of a-amvlase. A positive effect of
phytoregulators epin-extra and albite on the technological properties of grain and marked effect of
the nitrogen nutrition on the amylase activity in germinating grains has been revealed.

Key words: spring soft wheat; optimization of nitrogen nutrition; phytoregulators; grain
quality; protein complement; proteins composition, amylase activity.

When wheat is cultivated in the climatic conditions of Non-chemozem zone,
important goals are: correct selection of varieties that are capable of forming high-quality
grain which will meet the requirements of processing industry, and improving cultivation
technologies. At the same time, it is necessary to pay particular attention to building up an
optimal plant nutrition regime for a plant. It especially refers to the nitrogen nutrition which
has on impact not only on the formation of yield but also on its quality [2, 4, 7, 8, 11].

In experiments on the effect of fertilizers on the yield and grain quality of bread
wheat it has been revealed that for the formation of high-quality seeds with improved
technological properties it is necessary to provide plants with a specific diet, with the
optimal ratio of nitrogen, phosphorus and potassium. Nitrogen deficit results in decreased
productivity of the crop and the accumulation of storage proteins in caryopses also affecting
their technological characteristics [1, 4, 9, 10, 16].

However, if high doses of nitrogen are applied before planting wheat, although grain
and protein yield increases significantly but the rheological properties of gluten and the
structural and mechanical properties of baking dough may worsen. It happens because the
activity of hydrolytic enzymes in caryopses grows. In addition, as a result of increased
nitrogen supply some changes in the grain protein take place negatively affecting its
technological properties [7, 10, 11].

It should be noted that optimization of nutrition and use of phytoregulators influence
the formation of wheat yield and the synthesis of storage proteins. These phytoregulators
intensify physiological and biochemical processes in vegetating plants and biochemical
changes in ripening grains [6, 11, 12, 15, 16, 18].
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However, the effect of phytoregulators on the build-up of grain quality and metabolism
in the vegetative mass and ripening wheat caryopses has not been sufficiently studied.

The objectives of our study was to examine the influence of environmental factors,
plants' nitrogen nutrition and phytoregulators on the formation of yield, grain quality and
storage protein composition of spring soft wheat cultivated on sod-podzol medium loamy
soils in the Central District of Non-chemozem zone.

Material and methods

Studies of spring wheat cv. Ivolga were conducted at Oryol Field Research
Station of RSAU-MTAA named in honour of K.A. Timiryazev in 2010-2011. The soil
of the experimental plot was sod-podzol medium loamy, humus content — 2.4%-2.5%,
P,05(according to Kirsanov's technique) — 200-220, K,O (according to Maslova's
technique) [14] — 160-180 mg per 1 kg of soil, pH of salt extraction - 5.8. The area of the
plots - 1 m2, repeated experiments were fivefold, seeding rate - 5.5 million viable seeds
per 1 hectare. The experimental study on the wheat nitrogen nutrition mode included the
following options: 1 - without nitrogen application (control), 2 - N60; 3 - N90; 4 - N120;
5-N150; 6-N150 + N30 (foliar nutrition), 7 - N120 + N30 (foliar nutrition). The basic
dose of nitrogen was applied in the form of ammonium nitrate; nitric foliar nutrition of wheat
was removed with urea in the early phase of the grain formation. Phosphorus-potassium
diet - R20K20 (in the form of superphosphate and potassium chloride) was provided as a
general background at all experiment plots.

When nitrogen was being applied in a dose of 150 kg/ha the effects of the following
phytoregulyators - Albit, Epin-extra, Novosil and Ribav-extra were studied. Wheat plants
were treated with phytoregulators at the heading stage in the following concentrations of
the solution: Epin - 0.003, Ribav - 0.01, Albit - 0.003, Novosil - 0.006 ml/1, flow rate of
the process solution - 30 ml/m2.

Assessment of grain production data was carried out using standard methods [3].
The proteins composition has been studied by the solubility of the protein fractions in
water, 10% solution of KCI1, 70% solution of ethanol, 0.1% solution ofNaOH. The activity
of amylolytic enzymes was identified by iodine-starch test, the amount of protein in the
enzyme extract was measured according to Lowry's method [13]. Grains were forced
to germinate in water at 25 °C. To diagnose the nitrogen nutrition of the plants, the levels
of free amino acids have been determined in the leaf sap [10]. Diagnostics were performed
using samples of vegetative mass, which included the second leaf from the top, taken
from the main shoot of a plant at the stalk-shooting stage during the formation of the first
stem node. Statistical processing of the experimental data was carried out according to
B.A. Dospehov's technique [5] using relevant software modified at the Computing centre
of RSAU-MTAA.

Research results

In 2010, during grain ripening, the wheat plants were exposed not only to the strong
water stress but also to extremely high temperatures. So the wheat grain productivity was
low (134-256 g/m?). However, even in these circumstances there was a positive effect of
nitrogen fertilizers applied to the crops. When nitrogen in a dose of 60 kg/ha was applied,
a significant increase in plant productivity: from 134 to 157 g/m 2 — was noted (Table 1).
Each successive increase in nitrogen dose by 30 kg/ha was also accompanied by a marked
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increase in wheat productivity. That was why the yield increase from the maximum nitrogen
dose (150 kg/ha) equaled 76% with respect to the control (without nitrogen application).

In each of the variants with the increasing dose of nitrogen grain unit increased
as well as such indicators as the weight of 1000 grains, grain hardness, wet gluten
content. They significantly increased when high doses of nitrogen were applied
(120-150 kg/ha), but there was a slight deterioration of rheological properties of gluten
(increase in gluten deformation index). In the variant with the dose of 150 kg/ha
compared to the control grain hardness increased by 10%, grain unit - by 47 g/l, weight of
1000 grains - by 3,9 g, wet gluten content - by 4.3%. At the same time, gluten weakening by
10 units of gluten deformation index was noticed. A grain with wet gluten content exceeding
28% (corresponding to the requirements for the strong wheat) formed when nitrogen doses
of 120 and 150 kg/ha were applied, but gluten quality (second group) did not meet the
requirements for the strong wheat in these variants.

Foliar nitrogen fertilization in the phase of grain formation had no significant effect on
the productivity of wheat, grain hardness and weight of 1000 grains when applied nitrogen
doses were 120 and 150 kg/ha, but caused the increase in wet gluten content in grains
by 3.3 -3.5% without affecting its rheological properties (defined by gluten deformation

Table 1

Grain productivity, technological properties of grain
and concentration of amino acids in wheat leaf sap in a field test, 2010
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index). Late foliar nitrogen fertilization also contributed to the increase of grain unit in a
variant with nitrogen dose of 120 kg/ha.

The main purpose of applying phytoregulators in our experiments was to study their
effects on physiological and biochemical processes in the ripening grain that are connected
to the formation of its quality. So the plants were treated with these regulatory substances
at the heading stage. However, in the variant with Epin-extra, not only technological
characteristics of grain (grain unit increases the elastic nature of gluten) improved but
also a significant yield increase of wheat was gained. The positive effect of this regulator
is obviously connected to its influence on the functioning of the plant cell membranes
resulting in their increased resistance to water deficit and high temperature stress. Albit was
found to increase grain unit, and Ribav-extra lowered grain hardness.

In more favourable weather conditions of 2011, grain yield in experiment exceeded
that of 2010 by an average of 29%. Under the effect of increasing doses of nitrogen (up
to 150 kg/ha) wheat productivity and grain unit grew significantly - by 47% and 38 g/l
respectively. Grain hardness and wet gluten content increased only when high doses
of nitrogen were applied - 120-150 kg/ha, the weight of 1000 grains - at doses of
90-150 kg/ha (Table 2). In the variant with a nitrogen dose of 150 kg/ha as compared to the

Table 2

Grain productivity, technological properties of grain
and concentration of amino acids in wheat leaf sap in the field test, 2011
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control, one grain hardness increased by 5%, weight of 1000 grains by 9.9 g, wet gluten
content by 3.4%. Also, slight weakening of gluten (by 5 units of gluten deformation index)
was recorded.

Late foliar nitrogen fertilization, as in the experiment of 2010, had no substantial
effect on wheat productivity but presowing nitrogen application of 120 kg/ha led to an
increase in the grain unit by 10 g/, the content of wet gluten by 2.6% (and reducing its
elasticity by 5 units of gluten deformation index); presowing nitrogen application of
150 kg/ha resulted in an increase of wet gluten content in grain by 2.7% without changing
its theological properties.

In the growing season of 2011, a positive effect of the phytoregulator Ribav-extra on
the productivity of wheat was noted however, it appeared to cause gluten weakening. Novosil
had the same effect on gluten. Epin-extra increased grain unit and gluten elasticity.

Increasing doses of nitrogen (0-150 kg/ha) raised the overall accumulation of proteins
in wheat caryopses by 4.2% (Table 3). It took place due to the increase of the proportion
of gliadin and glutenin, while the concentration of albumins, globulins and non-extractable
proteins decreased significantly.

The greatest effect on the action of late foliar nitrogen fertilization was obtained
in the variant with presowing application of nitrogen in a dose of 150 kg/ha. At this time,

Table 3

The content and composition of proteins in wheat depending on nitrogen level
and application of phytoregulators in a field experiment, 2010
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protein content in the grain was increased by 1.1% due to the increase in gliadin and
glutenin (gluten protein) content while the concentration of albumins, globulins and non-
extractable proteins decreased. Studied phytoregulators in the vegetation period of 2010
had no significant effect on the content and composition of proteins in wheat.

With increasing doses of nitrogen applied to sowing, the level of a-amylase activity
in the mature wheat caryopses increased. It produced a negative impact on the baking
performance. This is particularly noticeable in the variant with a nitrogen dose of 150 kg/
ha (Table 4, 5).

Foliage application of urea to wheat reduced substantially the activity of a-amylase
in mature caryopses by some increase in p-amylase activity, which usually does not cause
any deterioration of grain baking properties. A significant reduction in a-amylase activity

Table 4

Amylase activity in mellow and germinating grains of wheat harvested in 2010,
mg of hydrolyzed starch per 1 mg of protein in 1 hr
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Table 5

Amylase activity in mellow and germinating wheat grains harvested in 2011,
mg of hydrolyzed starch per 1 mg of protein in 1 hr

in wheat was found in the variant with Albit and a small one was found in the variant with
Ribav-extra and Novosil in the experiment of 2010.

Amylolytic enzymes affect not only the baking properties, but also the seed quality of
grain and the technological properties of malt made of the grain. Therefore, an assessment
of aftereffects of nitrogen fertilizers and phytoregulators on the amylase activity in
germinating wheat grains was carried out (see Tables 4, 5).

In the variant without nitrogen application and in the variant with nitrogen application
in a dose of 60 kg/ha, a pronounced increase of a-and |3-amylase activity in the grain by
the 7th day of germination. In variants with higher doses of nitrogen (90-150 kg/ha), the
maximum a-amylase activity was observed on the 7th day, and |3-amylase activity - on the
6th day of sprouting.



Grain obtained in variants with high doses of nitrogen had higher a-amylase activity
compared to the control, as well as to the variants with late foliar nitrogen fertilization on
the 7t day of sprouting. It indicates an improvement of seed grain quality and technological
properties of malt, which can be obtained from this grain.

In the experiment in 2010, Albit and Ribav-extra were found to reduce a-amylase
activity in the germinating grain, and in the experiment of 2011 all studied phytoregulators
appeared to reduce not only a-amylase but also |3-amylase activity in the germinating
grain. Consequently, there is a negative effect on the seed grain quality and technological
properties of malt.

In variants with different levels of nitrogen nutrition in the sap of leaves (the second
leaf from the top of the main shoot of plant), which were selected in the in the phase of
formation of the first stem node, the concentration of free amino acids was determined in
order to estimate the intensity of synthesis of structurally and functionally active proteins
during plant growth and development. It was previously shown that low levels of nitrogen
nutrition of wheat reduce the protein synthesis rate and weaken growth processes. It results
in the increase of free amino acid concentration in the leaf sap. Increased nitrogen nutrition
alters the course of these processes turning to the opposite direction, so the concentration
of amino acids in the leaf sap reduces [10].

In the experiments carried out within the two years of study (2010-2011), it was
stated that when the level of nitrogen nutrition of wheat is increased, a trend towards the
reduction of free amino acids concentration in the leaf sap of plants vegetating, in the phase
of the first stem node formation takes place. It indicates their being increasingly consumed
for the purposes of protein synthesis — both structural and functionally active — in the
vegetative mass of wheat (see Tables 1, 2).

The presented data show that the change in the amino acid concentration in the leaf
sap reflects the level of nitrogen nutrition in wheat. It can be proved by high values of the
correlation coefficients of the indicator with the nitrogen dose :

r=-0,99 (2010) r = -0,96 (2011). In addition, it was found out that the concentration
of amino acids in the leaf sap is closely correlated with the level of wheat grain productivity,
r = -0,96; grain unit, » = -0,91; weight of 1000 grains, » = -0,92; wet gluten content in the
grain, = -0,93; protein common content in the grain, » = -0,98; content of albumins and
ready soluble globulins, » = 0,90; globulin content, » = 0,85; gliadins content, » = -0,99,
glutenins content, » = -0,97; non-extractable proteins, » = 0,99 (correlation is significant at
r> 0,88 and the level of 0,95).

Thus, based on the results of research carried out in 2010-2011, it can be noted that
increasing doses of nitrogen through presowing application up to 150 kg/ha resulted in the
productivity of spring wheat cv. Ivolga increased by 47%-76%, wet gluten content in the
grain - by 3.4%-4.3%, proteins - by 4.2%, grain hardness - by 5%—10%, grain unit - by
38-47 g/l, weight of 1000 grains - by 3,9-9,9 g. But at the same time gluten weakening by
5-10 units of gluten deformation index and increasing in a-amylase activity in the mature
grain has been observed. Late foliar nitrogen fertilization of wheat by urea enhanced the
content proteins in the grain by 0.6%-1.1%, wet gluten content - by 2.6%-3.5% and a
decrease in a-amylase activity in the mellow grain to the minimum.

When exposed to high doses of nitrogen applied before sowing, and late foliar
nitrogen fertilization the accumulation of gliadin and glutenin in caryopses has increased.
They demonstrated a substantial deficit in the content of lysine, tryptophan and methionine,
whereas the content of albumins, globulins and non-extractable proteins decreased. The
latter are better balanced in terms of the essential amino acid content which resulted in the
overall biological value of total grain protein being lower.
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Under the conditions of water deficit and high temperature stress during the
maturation of wheat grains (2010 experiment), a positive action of the phytoregulator
Epin-extra was revealed when it was applied at the heading (ear) stage. It increased
the productivity of plants (by 8%) as well as the grain unit and improved rheological
properties of gluten (decreasing the gluten deformation index). Under the influence of
this phytoregulator these technological parameters also improved in a more favourable
2011. Under the stress of 2010 year, an increase in grain unit and a decrease in a-amylase
activity of grains was recorded when Albit had been applied. In 2011, Ribav-extra
increased the productivity of wheat, but weakened the gluten (causing an increase in
gluten deformation index). In 2010, it decreased the grain hardness and a-amylase
activity in the grain. In 2010, Novosil decreased a-amylase activity in the grain and in
2011 it weakened the gluten.

In experiments with wheat seedlings, more pronounced a-amylase activity in the
germinating grain in variants with high nitrogen doses was observed. It was an indicator of
improving seed grain quality and technological properties of malt, which can be obtained
from the grain. It was also identified the Negative aftereffects of phytoregulators studied in
experiments on amylase activity in the germinating grain was also identified.

Revealed correlations between the concentration of free amino acids in the leaf sap,
nitrogen doses , plant productivity, protein composition and technological parameters of
grain indicated that nitrogen nutrition can be diagnosed and the yield and grain quality of
soft spring wheat can be predicted on the basis of the identification of free amino acids in
the leaf sap.

Conclusions

1. The experiments with spring soft wheat (cv. Ivolga) carried out on sod-
podzol medium loamy soil, have revealed that increasing doses of nitrogen up to
150 kg/ha the resulted in the upturn of the following parameters: productivity of plants
(by 47%-76%), protein content in the grain (by 4.2%), wet gluten (by 3.4%-4.2%), weight
of 1000 grains, indicators of grain hardness and grain unit. However, at the same time, the
elasticity of the gluten reduced and activity of a-amylase in the mellow seed increased. It
affected technological properties of the grain to a certain extent.

2. When foliar nitrogen fertilization of wheat with urea solution in the phase
of the grain formation against presowing application of high doses of nitrogen (120-
150 kg/ha) was performed, the protein accumulation in the grain (by 0.6%—1.1%) and wet
gluten (by 2.6%-3.5%) increased, while the activity of a-amylase decreased. It improved
baking properties of the grain.

3. With an increase in the nitrogen nutrition level for wheat by applying nitrogen
before sowing and with late foliar nitrogen fertilization, the accumulation of gliadins and
glutenins in the caryopses appeared to increase. These proteins are less balanced in terms
of the content of essential amino acids. At the same time, the concentration of albumins,
globulins and non-extractable proteins decreased therefore diminishing the total biological
value of total grain protein.

4. A positive effect of phytoregulators on the formation of grain quality in spring
wheat has been revealed provided they were applied at the heading (ear) stage. Grain unit
increased under the influence of Epin-extra, the rheological properties of gluten were
improved as well. The phytoregulator Albite increased grain unit and reduced the activity
of a-amylase in the grain formed in stressful hydrothermal conditions of 2010.
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5. A close correlation between the concentration of free amino acids in the leaf sap
of spring soft wheat in the phase of the first stem node formation, and nitrogen doses, level
of plants' grain productivity, amount and composition of proteins, technological parameters
of the grain has been revealed. It proves the possibility of using this indicator for the
diagnosis of nitrogen nutrition and the prediction of yield and quality of wheat.

6. Wheat grain formed in variants with high nitrogen doses had a higher level of
a-amylase activity during germination. It improves the seed grain quality and technological
properties of malt which can be obtained from this grain. Late foliar nitrogen fertilization
in the phase of grain formation and use of such phytoregulators as Albit and Ribav-extra
reduce the activity of a-amylase in the germinating grain at the heading stage.
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COCTAB BEJIKOB Y KAYECTBO 3EPHA SIPOBOIT MSATKOM TTIIEHNLBI
(TRITICUM AESTIVUM L.) B 3ABUCUMOCTHU OT YPOBHS
A30THOT'O TTIUTAHUS Y [IPUMEHEHUST ®UTOPETYJISITOPOB
TIPY BLIPAIIIMBAHWY HA JIEPHOBO-TTO/I30JIMCTOM
CPEJTHECYTJIMHUCTO [TOYBE

H.H. HoBuxos, A.A. Xapuxuna
(PTAY-MCXA umenu KA. TumupsseBa)

Aunomayus: 6 onblmax c Apo6ol MASKOU nuleHuyel, npoGeoeHHbIX Ha 0ePHOBO-NOO30IUCTOU
CpeoHecyenuHUCMOlU nouse, YCMAHOBNEHO, YMO NpU NOBbIWEHUU YPOBHA A30MHO20 NUMAHUSA Nuie-
HUYbL CYUecmeenno 8o3pacmaen npoOyKMUGHOCMb PACMeEHUl, HAKONJeHUe 8 3epHe KIeUKOBUHHbIX
0enKos8, HO ysenuuusaemcs aKmueHOCMb C-AMUNA3 6 3PeNoM 3epHe U YXYOUlaomcs peono2uieckue
ceoticmea Knelikogunvl. Hexopnesas asommnas nookopmka nuenuysl 6 gase Hauanra Gopmuposanus
3epHa ysenuyusdaem HAKONJeHUe 8 HeM KIeUKOBUHHBIX 0elK08 U CHUudcaem aKMugHOCMb O-AMULA3.
Buiagneno nonoscumenvroe oOelicmeue HA MeXHONO2UYECKUE CBOUCMEA 3epHA (Gumope2ynimopos
SNUH-IKCMPA U albOuma u nocredelicmeue 6bICOKO20 YPOBHA A30MHO20 NUMAHUA HA AMULAZHYIO
AKMUGHOCMb NPOPACMAIOWe20 3ePHa.

Knrouesvie cnosa: Apoeas MACKAA nuieHuya, onmumusayusl as’omroco numaHus, cjmmopeey-
JANMOpesl, KAvecmeo 3epHa, cocmae 66]11('06, AKMUBHOCNTb aMujlas.
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