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Abstract. The paper presents the results of evaluating the rice variety
Rapan grown in 2018, 2019 at different seeding rates and doses of nitrogen
fertilizers, according to the main amylographic characteristics of starch
dispersion and fracturing. In 2018 and 2019, when growing variety Rapan
with seeding rates of 4, 6 and 8 million viable seeds, the highest values
were noted for the “fracturing” trait at a nitrogen dose of 92 kg/ha of active
ingredient. In 2018, they amounted to 31, 35 and 41%, respectively, in
2019 - 13, 12 and 12%, respectively. The following tendency in the
change of rice quality traits was noted: in the samples grown without the
use of nitrogen, low fracturing was revealed, while in the Ng2 variants the
value of the trait was maximum, with N1s4 - the minimum. Indicators for
the "maximum viscosity" at a nitrogen dose of 92 kg / ha of active
ingredient had the lowest values at all three seeding rates and amounted to
484, 500 and 485 Br.units in 2018, respectively. In 2019 - 471, 440 and
480 Br. units. The opposite pattern was observed when determining the
viscosity indices: at the minimum values of fracturing, the viscosity indices
were maximum and decreased at high values of this trait.

1 Introduction

Rice is a highly productive cereal crop and is consumed mainly as a whole grain after
processing. Rice is unique in that it provides about 25% of the world's dietary calorie intake
and 75% of the diet of the population in developing countries [1, 2]. Its processed products
are high in calories and easily digestible [3, 4]. The consistency of the cooked rice is of
paramount importance. Consumer preferences in terms of appearance, taste and texture are
different: some prefer glutinous rice, others prefer crumbly. The consistency of rice
(friability, stickiness) is mainly related to the content of amylose and amylopectin, and the
aroma of cooked rice is due to the volatile compound 2-acetyl-1-pyrroline [5, 6].
Characteristics of rice grain quality for the consumer, as a rule, include the content of
broken rice, the gelatinization temperature of the starch dispersion, the consistency of the
glued starch [7, 8]. Evaluating the rice varieties according to these indicators, one can make
recommendations on the use of milled rice for the preparation of a certain type of dish.
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Providing the population with high-quality rice in sufficient quantities has long been a
topical area of agricultural production in Russia. The growth of grain production in modern
conditions can be carried out mainly by increasing yields, which depends on agricultural
technology, variety and quality of seed material [9]. One of the most important factors in
the formation of high yields of good quality rice is balanced mineral nutrition for rice plants
[10, 11]. Rice varieties are sensitive to a deficiency of a particular nutrient, which leads to a
decrease in productivity [12, 13]. However, the influence of nitrogen fertilizers on culinary
and nutritional qualities is ambiguous: an increased level of mineral nutrition leads to a
decrease in vitreousity, an increase in fracturing, the number of underdeveloped grains, the
stickiness of milled rice during cooking, and the time of the onset of maximum viscosity;
higher doses of nitrogen during filling can lead to an increase in protein content and a
decrease in amylose content [14, 15, 16]. Nitrogen nutrition affects both protein content and
amylose content. The content of amylose at higher doses of nitrogen nutrition is much
lower, while the content of protein is much higher. Such content of amylose when using
high doses of nitrogen nutrition adversely affects the culinary and nutritional benefits of
milled rice [17]. Nitrogen fertilizers have a positive effect on the yield of the head rice and
the protein content [3], increase the transparency of brown (hulled) rice and the content of
chalky grains [18]. According to other foreign sources, nitrogen fertilizers have a
significant effect on all quality attributes, except for the gelatinization temperature,
although in optimal doses nitrogen leads to an increase in the viscosity of the starch
dispersion, but with a further increase in the dose of applied fertilizers, this indicator
decreases [15]. The study of the effect of different seeding rates and doses of nitrogen
fertilizers on fracturing and amylographic characteristics of starch dispersion in rice grain
of Russian varieties is relevant in connection with the problem of nutritional value and
improvement of their culinary merits.

2 Materials and methods

The aim of the study was to study the technological (fracturing) and amylographic
characteristics of the grain starch dispersion of rice variety Rapan grown at different
seeding rates and doses of nitrogen fertilizers.

The material of the research was the rice variety Rapan grown at experimental plot of the
Federal Scientific Rice Centre at different seeding rates (4, 6, 8 million germinating seeds)
and doses of nitrogen fertilizers (No, Ng2, N13g and Nigs) in 2018, 2019. Fracturing was
determined using a DSZ-3 diaphanoscope, and the amylographic characteristics of a starch
dispersion obtained from grain using a Brabender microviscoamylograph. The material for
research was obtained from the laboratory of varietal agricultural technology and
certification of rice varieties of the rice cultivation department.

3 Results

Within the framework of these studies, the most important physicochemical properties of
the grain of the rice variety Rapan grown using various doses of nitrogen were determined.
Below in Figures 1-3 the amylographic properties of the starch dispersion of grain are
shown.
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Fig. 1. Graphs of the viscosity of the rice grain starch dispersion of variety Rapan at a seeding rate of
4 million germinating seeds using various doses of nitrogen, harvest 2018

The results were obtained on the assessment of fracturing, the most important
technological grain quality trait, on which the milling yield and head rice content depend.
The main amylographic parameters were determined: maximum viscosity and viscosity at
the end of the cooling period. The data obtained are presented in tables 1-3.

Table 1. Physical and chemical properties of rice grain of the variety Rapan grown at a seeding rate
of 4 million germinating seeds using various doses of nitrogen, harvest 2018-2019.

Nitrogen Maximum Viscosity at the end of
dose, kg/ha | Year Fracturing, % viscosity, cooling period,
a.i. Br. unit Br. unit
0 2018 23 508 862

2019 8 540 708
92 2018 31 484 873
2019 13 471 611
138 2018 25 497 816
2019 10 473 613
184 2018 20 512 877
2019 6 543 718

In 2018, a high value for “fracturing” was noted in the variety Rapan variety with a
nitrogen dose of 92 kg/ha of active ingredient, it was 31%. At Nigs, the indicator of this
trait decreased by 25%. The maximum viscosity and viscosity at the end of cooling period
increased with the same nitrogen doses by 28 and 4 Br. units respectively. In 2019, the
indicators of the “fracturing” had lower values compared to the previous year: in the option
without nitrogen - by 15%, with Ng, - by 18%, with Niss - by 15%, with N1g4 - by 14%.
The maximum viscosity and viscosity at the end of cooling period increased, depending on
the increase in the nitrogen dose from 92 to 184 kg/ha of active ingredient, and at the
maximum nitrogen dose had parameters higher by 72 and 107 Br. units.
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The amylographic characteristics of the grain starch dispersion of rice variety Rapan
grown at a seeding rate of 6 million viable seeds are shown in Figure 2.
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Fig. 2. Graphs of the viscosity of the rice grain starch dispersion of variety Rapan at a seeding rate of
6 million germinating seeds using various doses of nitrogen, harvest 2018

While the amylographic characteristics were relatively similar by the trait "maximum
viscosity", significant differences were observed by "viscosity at the end of cooling period".

Table 2. Physical and chemical properties of rice grain of the variety Rapan grown at a seeding rate
of 6 million germinating seeds using various doses of nitrogen, harvest 2018-2019.

Nitrogen Maximum Viscosity at the end of
dose, kg/ha | Year Fracturing, % viscosity, cooling period,
a.. Br. unit Br. unit
0 2018 30 517 834

2019 11 511 684
92 2018 35 500 744
2019 12 440 561
138 2018 30 505 917
2019 11 472 621
184 2018 24 529 962
2019 6 520 711

In 2018, a high value for the “fracturing” was noted in the variety Rapan with a nitrogen
dose of 92 kg / ha of active ingredient, it was 35%. At Nig4, the indicator of this trait
decreased by 11%. The maximum viscosity and viscosity at the end of cooling period
increased at the same nitrogen doses by 29 and 218 Br. units respectively. In 2019, the
indicators for fracturing were lower than in the previous year: at No - by 19%, at Ng, - by
23%, at N13s - by 19%, at N1g4 - by 18%. The maximum viscosity and viscosity at the end
of cooling period increased, depending on the increase in the nitrogen dose from 92 to 184
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kg / ha of active ingredient, and at the maximum nitrogen dose they had parameters higher
by 80 and 150 Br. units.

The amylographic characteristics of the grain starch dispersion of rice variety Rapan
grown at a seeding rate of 8 million viable seeds are shown in Figure 3.
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Fig. 3. Graphs of the viscosity of the rice grain starch dispersion of variety Rapan at a seeding rate of
8 million germinating seeds using various doses of nitrogen, harvest 2018

The maximum viscosity at the highest seeding rate dropped slightly, and the viscosity at
the end of cooling period had a wide range of values.

Table 3. Physical and chemical properties of rice grain of the variety Rapan grown at a seeding rate
of 8 million germinating seeds using various doses of nitrogen, harvest 2018-2019.

Nitrogen Maximum Viscosity at the end of
dose, kg/ha | Year Fracturing, % viscosity, cooling period,
a.i. Br. unit Br. unit
0 2018 29 490 864

2019 8 512 680
92 2018 41 485 831
2019 12 480 636
138 2018 35 487 739
2019 10 492 651
184 2018 18 504 925
2019 5 563 748

At a seeding rate of 8 million germinating seeds in 2018, by the trait “fracturing”, as in
the variants with a seeding rate of 4 and 6 million germinating seeds, there was a high value
in variety Rapan at a nitrogen dose of 92 kg / ha of the active ingredient amounted to 41%.
At Nig4, the indicator of this trait decreased by 23%. The maximum viscosity and viscosity
at the end of cooling period increased with the same nitrogen doses by 19 and 94 Br. units
respectively. In 2019, the indicators for “fracturing” were lower than in the previous year:
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at No - by 21%, at Ngp - by 29%, at Nisg - by 25%, at Nigs - by 13%. The maximum
viscosity and viscosity at the end of cooling period increased, depending on the increase in
the nitrogen dose from 92 to 184 kg / ha of active ingredient, and at the maximum nitrogen
dose had parameters higher by 83 and 112 Br. units.

4 Discussion

When developing new rice varieties, breeders are guided not only by the yield, but also by
the grain quality of the varieties obtained, since this makes it possible to have highly
productive varieties in production, and for processors to select unique rice materials for the
food industry. The culinary preferences of the population, as a rule, determine such
characteristics of rice grain quality as the broken rice content, the temperature of
gelatinization of the starch dispersion, the consistency of glued starch [19, 20, 21].

The literature contains data on the influence on the nutritional and culinary advantages
of rice not only by the genotype, but also by the growing conditions [22]. Planting density
and the use of nitrogen fertilizers are important agronomic factors affecting rice growth,
yield and grain quality.

Nitrogen fertilizers have a positive effect on the yield of whole grain and the protein
content in milled rice [3]. In the experiments of Mandana Tayefe with the use of various
doses of nitrogen fertilizers, a significant difference was noted in all quality traits, except
for the gelatinization temperature, and the highest amylose content was observed in the
control variant (without fertilizers) [15]. Chinese scientist Sun Tao confirmed the effect of
nitrogen nutrition on starch content and fine structure, enzymatic activity and expression of
genes associated with starch synthesis, which leads to changes in rice viscosity and taste
[6]. The highest maximum viscosity was observed when plants were treated with nitrogen
fertilizers with a dose of nitrogen Neo; with an increase in the dose, the indicators of the gel
consistency also increased [15]. The introduction of increased doses of nitrogen fertilizers
increases the stickiness of milled rice during cooking, the time of the onset of maximum
viscosity, which corresponds to the results we obtained in the study [23, 24, 25]. The study
showed that with an increase in nitrogen doses (from 92 to 184 kg / ha of active ingredient),
there is a decrease in fracturing and an increase in the viscosity parameters of starch
dispersion, which is consistent with the results [6, 15].

5 Conclusions

When cultivating the variety Rapan at different seeding rates and using nitrogen doses of 0,
92, 138 and 184 kg / ha of active ingredient, a tendency was observed in the change of
quality traits. In the samples grown without the use of nitrogen, low fracturing was noted,
which reached maximum values at Ng, and Nasg, at N1gs, this trait had minimum values. On
the contrary, viscosity indices were maximum at the minimum values of fracturing and
decreased at high values of this trait.
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