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It was determined that under the impact of supramolecular complex of
glycyrrhizic acid (GA) and some phytohormones – indole acetic acid
(IAA); indole butyric acid (IBA); naphthalene acetic acid (NAA) and
kinetin on the productivity indicator (58.5±2.6 centner/hectares) of wheat
variety "Krasnodar–99" (Triticum aestivum L.) increases relatively to
control
51.9%
(88.9±3.7
centner/hectare);
35,4%
(79.2±3.4
centner/hectare); 7.9% (63.1±4.5 centner/hectare) and 43,9% (84.2±5.8
centner/hectare). Obtained results confirm the high prospects for further use
of supramolecular complexes of GA: phytohormones (IAA, NAA, IBA and
kinetin) on the basis of economic resource saving in order to optimize crop
yields in practice.

Introduction
Meeting the food needs of the population is of
strategic importance. Accordingly, increasing
the yield and quality of crops is one of the
important issues before science. The main
purpose of finding a solution to the existing
problem in this direction is to identify new
physiologically active substances that
contribute to the growth and development in
connection with increasing the yield of the
plant and have a biostimulatory property. This
is also reflected in a number of works
(Shakirova, 2001; Shabala et al., 2009;
Shishkanu and Titova, 2008).

In Uzbekistan, wheat (Triticum aestivum L.) is
one of the main types of crops grown in
ancient times (Baboev et al., 2016).
The creation and increase of the yield of wheat
varieties adapted to local soil and climatic
conditions, resistant to pathogens and pests, in
the country's agriculture is also relevant today.
In this regard, it is important to
theoretically/practically
study
the
characteristics of changes in the dynamics of
morphometric indicators of plant growth and
development under the influence of
bioregulators. Since under the influence of
external stress factors the intensity of the
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process of growth and development of crops
and, in turn, the prospects of using
phytohormones in increasing yields are highly
estimated (Nemchenko, 1993; Derecha et al.,
2001; Antonova, 2004; Djuraev et al., 2018;
Qo‘shiev, 2011).

Materials and Methods
Soil and climatic conditions of the site
where the study was conducted

It is noted that one of the promising agents is
glycyrrhizic acid (GC) (Qo‘shiev, 2011;
Dushkin et al., 2016; Djuraev et al., 2018).

In the Syrdarya region (total land area ~427
600 hectar), the acreage used in agriculture is
~250 900 hectar, mainly types of irrigated
land–meadow, flax–meadow, meadow–ice
soil. Mechanical composition of soil – 1.9%
clay; 11.7% heavy sand; 49.6% medium sand;
30% light sand; 6.2% sand and 0.6% sand
character, in agriculture 12.4% of land is not
salty (washed); 41.2% salty; 39.2% on average
salty; 5.3% of highly saline and 1.9% of very
saline soils, groundwater table is on average
~1–5 m; the degree of mineralization is 3–19
g/l.

Mainly distinguish between plant hormones
and slows phenolic compounds, inhibitors of
absorption of acid and of ethylene, such as
oksin, cytokinin, gibberellin, which stimulates
the growth and development of plants
(Galston and Kaur–Sawhney, 1999).

On the land plots where the studies were
conducted, the soil mainly consists of slightly
salted, hungry ice soils, the humus content in
them is 0.5–1%; mechanical composition–
light/moderately
auxiliary
soils
and
groundwater are located at a depth of ~ 1–3 m.

In addition, a number of organic substances
with more hormonal properties have been
identified, which also affect the growth and
development of plants in very small
concentrations, creating certain changes.

Objects of research

The study also suggests that many endogenous
bioregulators, with the exception of
phytohormones, may participate in the
regulation
of
physiological/biochemical
processes at the cellular level, which form the
basis of plant growth and development (Deeva
and Sheleg, 1985).

In some studies, it is noted that salicylic acid
is a phytohormone, and it is recognized as an
antagonist of phytohormones. Salicylic and
jasmine acids are involved in plant protection
against microbial damage (Kefeli et al., 1900).
The aim of the research is to study the impact
of glycyrrhizic acid (GA) and some
phytohormones – indole acetic acid (IAA);
indole butyric acid (IBA); naphthalene acetic
acid (NAA) and supramolecular complex of
kinetin on the productivity indicator of wheat
variety "Krasnodar–99" (Triticum aestivum
L.).

Auxins are important in the process of plant
growth and development (Galston and Kaur–
Sawhney, 1999), it was noted that the plant is
also involved in the regulation of expression
of genes encoding the biosynthesis of other
phytohormones (Aloni, 2004).
Therefore, the main objects in the studies were
selected phytohormones auxin (IAA, IBA,
NAA) and kinetin.
The analysis of biological activity of
supramolecular
complexes
of
GA:phytohormone in wheat (Triticum
aestivum L.) "Krasnodar–99" variety is used.
As it is known, wheat (Triticum aestivum L.)
is a significant agricultural crop, animal feed,
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animal feed are used on an industrial scale as a
valuable raw material and make up ~20–30%
of crops grown worldwide (Neelambari et al.,
2018).
Botanical
description
of
wheat,
systematic/morphophysiological
characteristics of wheat are described in detail
in the studies of researchers (Genkel, 1969;
Vavilov, 1986; Vasin et al., 2009).
Some varieties of soft wheat imported from
Krasnodar region (Russia) and adapted to
local soil and climatic conditions are
characterized by an increased level of
resistance to stress factors on the irrigated
acreage of the Republic and high yields. One
of the varieties of wheat, adapted to the
conditions of the Syrdarya region and widely
grown in agriculture, is an average grade
"Krasnodar–99" (Lukyanenko P.P. created in
Krasnodar Research Institute of agriculture),
resistant to salting, the height of the vegetable
ball is on average ~900–950 mm; without
rosehip, cylindrical shape (8–9 cm); with a
reddish tinge of grains, weighing about 1,000
pieces ~40–41 g; in Syrdarya conditions, the
average yield is ~60–65 centner/hectar; in the
spring after the winter lunch temperature is
+5.8... at a temperature of +6°C, the
vegetation period is restored, usually
depending on the optimal range of planting
time (15.09–25.10), the planting rate relative
to the unit area is ~4.8–6 million
pieces/hectares (Siddiqov, 2011).
Extraction of GA from root licorice
(Glycirrhiza glabra L.) and chemical
identification/synthesis of GA: phytohormone of supramolecular complexes
Local licorice in experiments (Glycirrhiza
glabra L.) preparation of plant root extract and
GA extraction from its composition, chemical
identification, synthesis of GA:phytohormone
supramolecular complexes based on standard

methods (Kondratenko et al., 2001; Astafeva
et al., 2013; Shlotgauer, 2013).
The impact of supramolecular complex of
GA: phytohormones on the wheat (Triticum
aestivum L.) productivity
The experiments were carried out in the
standard style (Korxova, 2015), based on the
organization of 1 control and 4 test sites (total
250 m2), the surface area of each of which is
25 m2 in the field (Fig. 1).
From each site in the control and experimental
groups on the basis of random variation
samples at the end of the growing season were
selected 100 pieces of wheat balls, and in the
laboratory counted the number of heads in
vegetable balls (pieces), head length (mm), the
number of grains in the head (pieces) and the
weight of grain 1 000 pieces (g). On the basis
of the obtained values, the value of the
indicator of biological productivity of wheat
was determined (Korxova, 2015).
It is known that the biological productivity of
wheat is the amount of grain formed on the
basis of biosynthesis of organic substances
during photosynthesis and absorption of
water/nutrients from the soil during the life of
the plant organism in relation to the unit field
(centner/hectares). The main components of
the indicator of wheat yield are the density of
crops in relation to the unit area; it consists of
the weight of grain in 1 head (Volkov, 1999.)
and is calculated using the following form (1)
(Lixochvor, 2008):
Pbiol.= NPP×TWG×10 000/100 000 (1)
Pbiol – biological productivity; NPP – location
in relation to the unit area number of
productive plants (pieces/m2); TWG – total
weight of grain in 1 head (g); 10 000 –
conversion factor area of 1 m2 per 1 hectare
(ha); 100 000–conversion factor value of g/ha
per centner/hectares.
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Sowing in the experimental plots was carried
out 18.09.2019 years, normal ~5 000 000
pcs/hectares. during the growing season were
provided with water and mineral feed
according to the established norms (including
phase propagation ~100 kg/ha; in the phase of
collecting ~200 kg/ha; in the phase of spraying
~200 kg/ha and in the phase of spraying ~100
kg/ha). It was noted that wintering occurs in
the phase of formation of ~2–3 leaves on the
plant (spraying).
There is a significant influence of sowing
time, agrotechnical measures on the growth
and development of wheat, the formation of
productivity indicators (Korxova, 2015).
The table below shows the timing of sowing,
vegetation/ontogenesis
phase
of
the
experimental plot of the wheat variety
"Krasnodar–99" (Table 1).
In general, the growing season of wheat
depends on the biological characteristics of
varieties, soil and climatic conditions (~85–
115 days) (Antonova, 2004).
In turn, it is noted that the formation of
indicators of wheat yield is important
environmental conditions (meteorological
factors), agricultural activities (technological
factors) (Volkov, 1999.).
Favorable from the meteorological point of
view, the vegetation period determines the
intensity of the phases of pipe formation and
the formation of rosehip in the vegetable ball
(Antonova, 2004).

of М±m results of experiments carried out in
repetition n times, and M is the arithmetic
mean and m is the standard error value. Here,
x avg. is the ratio of the total sum of elements
in the statistical selection to its volume,

calculated using the following formula (  )
as the ratio of the total sum (n) of the values
obtained in the experiments to the number of
experiments (2):

x

x
x avg. = n

(2)

The deviation of the mean square edge (σ) –
the dispersion value expressed as the square
root is calculated using the following formula
(3):

( x  x
σ=

урт .

)2

n

or σ=

 2 (3)

In addition, the results of the experiment were
calculated on the basis of the Student T–test of
the level of statistical reliability of the values
between the variants and were evaluated as
statistically significant in the values of r<0.05,
r<0.01. The degree of reliability of
differentiation
between
control
and
experimental values was calculated by The t–
Student criterion using the following formula
(4):

t

x1  x 2
m12  m22 (4)

Data analysis

Results and Discussion

Experimental results using standard biometric
methods (Dospexov, 2014), OriginPro V. 8.5
SR1 (EULA, USA) mathematical statistics has
been reworked using a special software
package. The results are presented in the form

In experiments conducted in the field, cereals
were used, including wheat (Triticum
aestivum L.) yield is a standard method that
provides sufficient adequate information on
the assessment based on indicators of the
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number of heads in plant balls, the number of
grains in ears and the weight of 1,000 pieces
of grain in relation to the unit area (Kostylev
et al., 2017).
In table 2 below shows the effect of
supramolecular
complexes
of
GA:
phytohormones (IAA, NAA, IBA and kinetin)
on the components of the indicator of the yield
of wheat varieties "Krasnodar–99" in the field
on the areas where the study was conducted
(Fig. 2; Table 2).
It was noted that the yield of wheat is
calculated depending on the density of plants
forming in a unit of the field to ~50%
(Korxova, 2015).
In the experiments at the control site at the end
of the growing season, the number of
productive balls of the wheat variety
"Krasnodar–99" is – 463.8±6.8 grains, grain
processing before planting at a concentration
of 100 μmol·L–1, as well as sowing in the
upper plant organs in the spraying phase
during the growing season are: IAA (4:1),
GA:NA (4:1), GA:IBA (5:1) and GA:Kinetin
in the conditions of treatment with,
respectively, the value of this analyzed
indicator– 476.3±4.6; 471.3±4.9; 468.4±5.3
and it was found that 478.4±4.5 pieces (Fig.
3A).
It is also noted that the yield of grain balls
forming a spike in a field unit significantly
affects the yield, and not the number of
rosehips, mainly in the headdress (Korxova,
2015).
Both indicators noted by the authors of the
above studies were found in experiments on
the control of GA:supramolecular complexes
of phytohormones.
According to the table 2 on the basis of the
calculation of the yield of wheat cultivar

"Krasnodar–99" on the plot control is
58.5±2.6 with/ha (100%), processing of grain
before planting at a concentration of 100
μmol·L–1, and the planting of plants in the
phase of spraying in vegetation period
GA:IAA (4:1), ha:NAA (4:1), ha:IBA (5:1)
and GA:Kinetin in terms of the processing of,
respectively, relative to the control rate of
51.9% (88.9±3.7 centner/hectares); and 35.4%
(79.2±3.4 centner/hectare); 7.9 percent (to
63.1±4.5 centner/hectares) and 43.9%
(84.2±5.8 centner/hectares) (Fig. 3B).
Many researchers noted that bioregulators are
promising agents in increasing wheat yield in
modern agricultural conditions (Shakirova,
2001; Shishkanu and Titova, 2008; Shabala et
al., 2009; Djuraev and Kushiev, 2018).
It was noted that the effectiveness of the use
of phytoregulators in seed treatment before
planting in order to increase resistance to
stress factors during the growing season of
crops, optimize growth and development
(Djuraev and Kushiev, 2018).
Thus, the indicators of plant productivity are
determined by the value of morphometric/
physiological parameters of plant organs that
determine the formation and quantity of the
crop (density of the productive plant ball; the
number of ears and the number of grains in the
head) and are formed under the influence of a
complex of environmental conditions that
determine the genotype/phenotype (Korxova,
2015).
In particular, indicators of autumn wheat yield
indicate abiotic/meteorological conditions
(temperature, humidity, etc.) and biotic
(pathogens, etc.) factors (Korxova, 2015) are
formed under the influence of agrotechnical
measures of the growing season (Antonova,
2004).
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Table.1 Terms of phases of ontogenesis during the growing season in the experimental areas of
the variety "Krasnodar–99"
Planting
18.09.2018

Brairding
06.10.2018

Forming ovary
04.04.2019

Spiking
04.05.2019

Ripenning
14.06.2019

Table.2 Influence of supramolecular complexes GA: phytohormones (IAA, NAA, IBA and
kinetin) on the components of the indicator of wheat yield of the "Krasnodar–99" variety (M±m)
Experimental
varaints

Control
GA:IAA (4:1)
100 μmol·L–1
GA:NAA (4:1)
100 μmol·L–1
GA:IBA (5:1)
100 μmol·L–1
GA:Kinetin (4:1)
100 μmol·L–1

Height of a
plant (mm)

Number of Number Length of a Number
Weight of
productive of bushes head (mm)
of grains
1 000 pcs
plants
of plants
on heads
of grains
2
(pcs/m )
(pcs)
(pcs)
(g)
924,6±5,4
463,8±6,8
3,4±1,2
85,7±3,4
32,5±3,8
38,8±7,4
960,3±3,4** 476,3±4,6** 3,6±2,4** 106,5±4,4** 43,6±6,3** 42,8±6,7**
954,4±5,9** 471,3±4,9** 4,1±2,4** 103,4±4,7** 41,5±6,3** 40,5±6,7**
946,5±6,2** 468,4±5,3** 3,8±2,7**

94,2±4,5**

34,2±4,4*

39,4±5,8**

932,2±6,6** 478,4±4,5** 3,7±1,8** 102,4±6,8** 42,7±5,2** 41,2±3,7**

Note: In the experiments GA:IAA (B), GA:NAA, in the ratio and GA:IBA 5:pre–planting grain treatment in the
ratio 1 (100 100 μmol·L–1), as well as sowing plants in the pipeline phase during vegetation is used. * – the
difference between the values of the experimental group in relation to the control statistical level of reliability
р<0,05, ** – р<0,01.

Fig.1 Scheme of experiments to study the effect of GA:phytohormones (IAA, NAA, IBA and
kinetin) on the yield of wheat varieties "Krasnodar–99" in the field of supramolecular complexes
B

A

l=5 m

S=25 m2
Control
l=5 m

GA:IAA (4:1)

GA:NAA (4:1)

GA:IBA (5:1)

GA:Kinetin (4:1)

Variants of experiments

The experiments were conducted in 2019 (autumn–spring) at the experimental site of Gulistan State University (A),
located on the territory of Gulistan district of Syrdarya region. GA:IAA (B), GA:NAA, GA:Kinetin was used in a
4:1 ratio and a pre–planting grain treatment method in a 5:1 (100 μmol·L–1) ratio of GA: IBA, as well as in the
spraying phase during the growing season, sprinkling the plant.

143

Int.J.Curr.Microbiol.App.Sci (2019) 8(8): 138-147

Fig.2 А. Experimental site to study the effect of supramolecular complexes GA: phytohormones
on the yield of wheat variety "Krasnodar–99". B. The Process of analysis of morphometric
parameters of wheat in the laboratory (Gulistan State University, 25.06.2019)
B

A

Fig.3 Influence of supramolecular complexes GA: phytohormones (IAA, NAA, IBA and kinetin)
on the quantity of plants (pieces/m2) (A) and yield (B) of wheat variety "Krasnodar–99"
A
500

Control
-1
GA:IAA (4:1) 100 µmol.L
-1
GA:NAA (4:1) 100 µmol.L
-1
GA:IBA (5:1) 100 µmol.L
-1
GA:Kinetin (4:1) 100 µmol.L

**

*

B

*

100

**

75

300
200
100
0

+1

Productivity (centner/hectares)

Quantity of plants (pcs/m2)

400

Control
-1
GA:IAA (4:1) 100 µmol.L
-1
GA:NAA (4:1) 100 µmol.L
-1
GA:IBA (5:1) 100 µmol.L
-1
GA:Kinetin (4:1) 100 µmol.L

**

**

**
*

50
25
0

+1

A. On the axis of the ordinate – the quantity of plants (pcs/m2); B. on the axis of the ordinate – expressed
productivity (centner/hectare) (* – р<0,05; ** – р<0,01).

At the same time, the soft wheat variety is
relatively resistant to cold and the optimal
yield is +12... It is in the range of +15°C and
+4 in autumn.

According to the results of the experiment it
was found that the density of the wheat
variety "Krasnodar–99" in the field at the
beginning of the growing season in the spring
is much higher than the control mark:under
the influence of supramolecular complexes of
phytohormones (IAA, NAA, IBA and
kinetin). This condition can be attributed to

Intensive development at a temperature of
+5°C, but a sharp drop in temperature
adversely affects (Vavilov, 1986).
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increased level of frost resistance of plants in
winter under the influence of the
GE:phytohormones complexes. The results
obtained correspond to the available literature
data. In particular, the study showed that
biologically active substances increase
resistance to wheat cold to exogenous
phytohormones noted by some researchers
(Antonova, 2004; Korxova, 2015).

Thus, seed treatment with phytohormones
before planting has an increasing effect on
yield, the absorption of plant nutrients
activates the process, increases resistance to
phytopathogens (Genkel, 1969), has a positive
effect on the processes of seed cultivation,
increases resistance to stress factors, increases
productivity in the final state by increasing
the intensity of the formation of yield
elements (Korxova, 2015).

In general, bioregulators (phytohormones,
etc.) under the influence of various stress
factors, there is an increase in the level of
resistance to wheat and, in turn, an increase in
yield (Shakirova, 2001; Shishkanu and
Titova, 2008; Shabala et al., 2009). Under the
influence of biologically active substances,
especially under the influence of stressful
factors, an increase in the intensity of the
photosynthesis process is observed in the
plant's body, under the influence of IA,
kinetin, the total protein content in wheat
grain, the amount of starch in cereals, the total
weight of 1000 pieces of grain, a significant
increase in yield in the final case (Shakirova,
2001; Shishkanu and Titova, 2008; Shabala et
al., 2009).

Thus, it is important to develop and
implement technologies that optimize the
formation of structural elements of wheat in
agriculture.
Studies have shown that the effects of GA–
phytohormones, optimizing the wheat yield of
supramolecular
complexes,
were
implemented on the basis of a wide range of
biochemical/physiological
mechanisms,
including – activation of enzymes of
functional importance in the body of the
plant, activation of metabolism due to the
intensity of mechanisms of intracellular signal
transduction, in turn, increasing the level of
stability of the antioxidant/immune system.;
various biotic/abiotic stress factors of the
plant (cold, phytopathogens, etc.) to increase
the degree of resistance to influence on the
reproductive organs ultimately may be due to
the stimulation of formation of the
reproductive organs and elements of the
performance indicator.

In addition, some researchers found that
phytohormones (aucsin, cytokinin, etc.) in
combination with the yield of grain crops had
a positive effect on grain quality indicators
(Antonova, 2004).
Under the influence of phytohormones was
found to increase the level of absorption of
seeds in water, increasing the intensity of
respiration, increasing the activity of
amylolytic enzymes, increasing productivity
in the laboratory and field conditions. It is
noted that the treatment of seeds of grain
crops with phytohormones before planting
increases the degree of adaptation of the plant
to adverse environmental conditions, in turn,
has a positive effect on yield (Antonova,
2004).

The obtained experimental results confirm the
high prospect of further use of supermolecular
complexes GA and phytohormones (IAA,
NAA, IBA and kinetin) on the basis of
economic resource saving in order to optimize
crop yields in practice.
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