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Abstract: The article is devoted to into the study of the optimisation of the 
process of using liquid nitrogen mineral fertilisers based on a carbamide-
ammonia mixture, both in the serial form of CAM-32 and in the innovative 
CAM+S (with the addition of the sulfur mesoelement (S)) as a top dressing 
for winter wheat in spring during tillering. The application process was 
carried out superficially on crops with large-drop nozzles with a serial rod 
sprayer “Tuman-2” and an injec-tion-innovative multi-injector unit 
“Tuman-2M”. The article presents the improvement of the technology of 
cultivation of winter wheat of the "Basis" variety with the use of liquid 
mineral nitrogen and nitrogen-sulfur-containing fertilisers. The results 

obtained will improve the technology of wheat cultivation and improve the 
quality of the crop. The results of the research are an in-crease in yield 
compared with the use of granular solid mineral fertilisers: ammonium 
nitrate with the same nitrogen equivalent from 16.7 to 2.64 t/ha or from 34.5 
to 58.1% and an improvement in grain quality to the level of class I 
compared with class III wheat quality when it is cultivated us-ing innovative 
technologies described in this work. 

1 Introduction 

To increase crop yields, a well-planned program to increase soil fertility is necessary. It is 

necessary to use a special well-planned  program to increase soil fertility. 
Such programs require foresight and planning. One of the most useful tools that farm-ers 

can use when planning soil fertility is fertilisation, fertilisation rates, placement and timing 

[1]. 

There are some useful tools that farmers can use when planning soil fertility  such as 

fertilisation,  fertilisation rates, placement and timing [1]. 
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 It is important to feed wheat with nitrogen, calcium, phosphorus, sulfur, potassium and 

magnesium. And Also, it is necessary to do this at different stages of plant devel-opment. In 

the first three months (during germination and emergence of shoots), it is important to apply 

nitrogen, potassium and phosphate fertilisers. 

An important role in this area is given to increasing the grain harvest of spring soft wheat: 

one of the main sources of nutrition. Under favourable conditions, the yield of this crop in 

the fields of experimental farms can reach 2.7–3.3 t/ha, and with an in-crease in productivity 

to 1.5 t/ha, the state can harvest up to 20-23 million tons of grain annually. The average wheat 

yield in 2022 in the country was 3.43 t/ha against 2.65 t/ha a year ago (2021). 

Rational use of agrotechnical techniques, mineral fertilisers and plant protection 

contribute to obtaining the desired harvest with high grain quality [2]. Technological 
approaches such as fertilisers based on CAM with complex application improve the 

biological properties of grain. 

Researchers from the University of Chinese Academy of Sciences conducted a three-year 

study to investigate the one-time introduction of nitrogen into the root zone to increase wheat 

yield and nitrogen use at different distances between rows of crops in the Yangtze River Delta 

region in China [3]. The authors found that the one-time introduction of nitrogen into the root 

zone (ORZ) increased the yield of wheat compared to the traditional separation of nitrogen 

N by translation (CSB). Wheat sown in straight rows had a higher yield than wide and narrow 

rows under ORZ [3]. 

The FAO’s current forecast for grain production in the world in 2021 has been in-creased 

by 2.2 million tons, and it currently stands at 2,796 million tons, which is 0.7 percent higher 

than last year. The forecast of wheat production in the world this month has not changed and 
amounts to 775.4 million tons, reflecting an increase in gross production in Australia, which 

ensures the preservation of record production levels, despite a slight downward revision of 

forecasts for the EU, Iraq and Paraguay [4].  

At the moment, there is a growing need to increase the rate of agricultural production, 

especially from plant-growing raw materials, taking into account the negative projected 

global warming and recurring critical droughts in many regions [3-5]. To solve this problem 

and increase production, it is necessary to further improve crop cultivation technologies 

through the wider use of innovative technical and technological products [6-8], in particular 

the use of nitrogen fertilisers [7] in liquid form [8-10] based on a carbamide-ammonia 

mixture - CAM in pure form – CAM-32 (N-32%) and with the addition of a mesoelement – 

sulfur - CAM + S (N-26%, S-2.5-4.0%).  
Carbamide-ammonia mixture (CAM) is a mixture of aqueous solutions of ammonium 

nitrate and carbamide. This is the only nitrogen fertiliser, which includes all three forms of 

nitrogen, so that the action of CAM is prolonged and plants are supplied with nitrogen for 

longer. 

This is the only nitrogen that contains all three forms of nitrogen, so that the ac-tion of 

CAM is prolonged and plants are supplied with nitrogen for longer.  

 The mixture contains 50% amide form of nitrogen, 25% ammonium, 25% saltpeter. 

CAM-28, CAM-30, CAM-32 are produced, in which the proportion of nitrogen is 28, 30, 

32%, respectively [11]. 

In the works of researchers from Peoples’ Friendship University of Russia (RUDN 

University), it was found that with an increase in the intensity of cultivation of winter wheat 

varieties, grain quality and yield increased by 3.8 t/ha.  
Previously,  the researchers from Peoples’ Friendship University of Russia (RUDN 

University) found out  

This was observed in all studied varieties. The results showed that when creating a 

production system by a normative method, varietal characteristics, plant nutrition conditions, 
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agrochemical characteristics of the soil and meteorological factors should be taken into 

account [12]. 

In the works of researchers from the Key Laboratory of Plant Nutrition and Agro-

environment in Northwest China, it was revealed that the dose of fertiliser de-pends on the 

amount of precipitation. The researchers provide formulas for calculating the exact 

application of fertilisers based on the annual amount of precipitation falling on wheat, or 

precipitation for the summer season [13]. 

CAM is a unique, innovative, highly effective liquid nitrogen fertiliser with a prolonged 

effect due to the versatile action of three forms of nitrogen on plants: nitrate–8%, ammonium-

8% and amide-8%, and only the amide form can be absorbed by the vegetative part of crops 

[15,16]. In the following years after field application, the residual effect of previous fertilisers 
will contribute to the total available nitrogen [15]. The same long-term effect is absent when 

applying synthetic urea fertilisers [16].  

However, wheat yield is affected not only by fertiliser, but also by cultivation and 

breeding methods. In the studies of researchers from the Institute of Crop Sciences, Chinese 

Academy of Agricultural Sciences and Field Crops Research Institute, Agricultural Research 

Center, it was found that the use of new improved varieties, new cultivation techniques, 

modern irrigation methods contributed to an increase in yield per unit area by 97%, and an 

increase in yield by 1.5% occurred due to the expansion of sowing areas squares. Therefore, 

the increase in total yield mainly depended on the in-crease in yield per unit area. Wheat 

production in Egypt has improved due to the development of breeding and cultivation 

methods. The use of these new methods, the popularisation of new varieties of high-quality 

seeds and the use of the raised beds method instead of the old method of planting in pools 
have made the greatest contribution to increasing yields [17]. 

Simple single-operation machines are replaced during technical re-equipment with more 

complex, combined, universal, multifunctional, more efficient aggregates with digital control 

of the technological process [10]. An example of such an approach is the innovative 

technologies of highly efficient production of agricultural crops in the Samara Region studied 

by the Samara State Agrarian University, mainly on the basis of regional technical and 

technological means using liquid and solid nitrogen-sulfur-containing mineral fertilisers of 

one of the leading chemical concerns in Russia - PJSC KuibyshevAzot (Moscow Togliatti, 

Samara region) and self-propelled, universal, multifunctional machines for fertilisers and 

plant protection products – “Tuman…” of LLC Pegas-Agro (Samara) (Fig.1). 
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Fig.1. Integrated multi-operational self-propelled complex “Tuman…” 

 
The multifunctional complex “Tuman” of LLC Pegas-Agro with a full set of 

technological equipment provides basic agrochemical work in field production and com-

bines 5 modules on one transport and energy base (Fig. 1): 1 - a spreader of solid mineral 

fertilisers, 2 - a rod sprayer for chemical plant protection products-pesticides, and for the 

application of liquid mineral fertilisers, 3 – innovative unit for the application of liquid 

mineral fertilisers-multi-injector, liquiliser 4 - fan sprayer, 5 - module for sowing small-

seeded crops. The innovation of the integral complex “Tuman” consists in its multi-
operability due to the possibility of replacing working technological modules within 3-5 

hours, depending on the type and purpose of the work. 

The aim of the study is a systematic justification of ways to improve winter wheat 

technology through the use of innovative liquid nitrogen-sulfur-containing mineral fertilisers 

based on a carbamide–ammonia mixture - in pure CAM-32 (N-32%) and with a meso-

element: sulfure CAM+S (N-26%, S-2.5%) PJSC KuibyshevAzot (Russian Federation, 

Samara region) with the use of various methods of surface and injection of their application 

by a special multifunctional modular unit “Tuman…” produced in Russia by LLC Pegas-

Agro (Samara). At the same time, data are especially in demand for the selection by 

agricultural producers of optimal methods and norms of CAM ap-plication, depending on 

weather conditions and moisture availability of crops. 

2 Materials and methods 

The research was carried out on the experimental fields of the university on plots with an 

area of 1200m2 in three-fold repetition. Agrotechnical and operation-al-technological studies 

were carried out in 2021-2022 on winter wheat on an innovative multi-injector unit 

(liquiliser) “Tuman-2M” when applying liquid classic fertilisers CAM-32 and innovative 

CAM+S (Fig. 1.3), the results of the study were also com-pared with the rod sprayer “Tuman-

2” (Fig.1.2), both with single and fractional fertilisation.  

Before sowing in autumn, spring and during harvesting of winter wheat, the presence of 

nitrogen, phosphorus, potassium and sulfur in the soil was determined. The amount of 

nitrogen in the leaves was determined by the “N-tester” device. Portable device N-Tester for 
plants is a sensor for determining the nitrogen content and the amount of chlorophyll in the 

leaves. The total nitrogen content was determined by the Tyurin microchrome method. 

Mobile compounds of phosphorus and potassium were determined by the Machigin method 

in the modification of CINAO. The mobile sulfur was determined by the CINAO method. 

When cultivating wheat, mechanised tillage was carried out. Soil preparation be-fore 

sowing winter wheat of the “Basis” variety was carried out with a KUPE-4PV cultivator. 
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Winter wheat seeds were sown to a depth of 5-6 cm, row spacing of 15 cm using a “Klyon” 

seeder.  

Harvesting was carried out for 12 days after the full ripening of the grains using a combine 

harvester (self-propelled grain harvester RSM-101 “Vector-410”). 

Fertilisation in the experiments was calculated by soil fertility and moisture capacity to 

achieve maximum yield, taking into account the varietal capabilities of winter wheat “Basis”. 

The study investigated the optimal mineral nutrition of winter wheat of the “Basis” variety 

with nitrogen fertilizers, the “Tuman” machine in solid form: ammonium nitrate (N-32%) 

“Tuman-2” (Fig.2a) and in liquid form, CAM-32 (N-32%) and CAM+S (N-26%, S-2,2-4,0) 

introduced by the sprayer “Tuman-2” (Fig.2b) and the multi-injector “Fog-2” (Fig.2b). 

On April 30, 2021, three norms of CAM+S fertiliser were introduced into the tillering 
phase during treatment with a multi-injector (Fig.2, c): 200, 300 and 350 l/ha; when treating 

crops with a sprayer (Fig.2, b), on April 28, 2021, CAM+S was introduced with a norm of 

200 l/ha in pure form and with potassium humate at the rate of 5 l/ha and copper (copper 

sulphate CuSO4) - 0.5 kg / ha. Ammonium nitrate – N-33% (NPK 33,0,0) was used as 

fertiliser on the control sample. Manufacturer: Nov-Agro (Russia). Fertiliser for the control 

sample was applied at the rate of 300 kg ha. 

 

  

                               a)                                                                           b)                                                                                                    

 

c) 

Fig.2. Equipment of LLC Pegas-Agro: a) - spreader of solid mineral fertilisers; b) - rod sprayer; c) - 
multi-injector 
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The research in 2021 was conducted on soft winter wheat of the “Basis” variety, sown on 

August 26, 2020 in the fields of the Samara State Agrarian University. The “Basis” variety 

is included in the State Register for the Middle Volga region and is recommended for the 

Samara region, the Republic of Tatarstan, and the Ulyanovsk re-gion. A variety is 

erythrospermum. The bush is intermediate. The plant is of medium length - long. The wax 

coating on the upper internode is medium, in the middle of the flag leaf is medium - strong, 

on the ear weak - medium. The ear is cylindrical, of me-dium length, medium density is 

dense, white. Awns of medium length. The lower spikelet scales on the inner side have a 

weak - medium pubescence. The shoulder is rounded - straight, of medium width. The tooth 

is moderately curved, of medium length. Pubescence of the apical segment of the ear axis 

from the convex side is medi-um - strong. The grain is colored. The weight of 1000 grains is 
38-46 g. The average yield in the region is 4 t ha .3 t/ha.  

The average early variety - the growing season is 297-328 days. Winter hardiness is above 

average - increased. The height of the plants is 78-106 cm. It is resistant to lodging. Baking 

qualities at the level of a good filler. It is susceptible to brown rust. In the field, powdery 

mildew and snow mold are weakly affected.  

Soil samples were analysed for fertility indicators: nitrogen (N), phosphorus (P), 

potassium (K). With a further increase in fertiliser application rates (200, 300, 350 l/ha), the 

nitrogen content in the soil increases with a positive effect on increasing yield and quality. 

That is, the use of liquid CAM +S, where the main chemical element is ni-trogen (N), 

provides an increase in nitrogen in the soil in proportion to the rate of ap-plication of CAS + 

S (Table 1), (Fig.3). At the same time, the treatment of winter wheat crops with a multi-

injector is more effective with the sprayer at the same application rates (200 l/ha).   
The physical and chemical analysis of grain was determined by standard methods: Protein 

was determined by the Kjeldahl method, humidity was determined by drying in a drying 

cabinet at fixed parameters: temperature (130 °C), drying time (40 min) and calculating 

humidity as a percentage by changing its mass by drying the sample before and after drying, 

the quantity and quality of raw gluten it was determined in accordance with the methodology 

presented in ISO 21415-2-2019 mechanically using a system for determining the quantity 

and quality of gluten Gluten Washer 2100, glassi-ness was determined according to the 

standard procedure based on the results of the inspection of the grain section. 

In further observations during the growing season of winter wheat for the effec-tiveness 

of CAM introduced by various technologies, observations were made of the condition of 

winter wheat crops of the “Basis” variety treated with CAM+S mul-ti-injector and sprayer 
(treatment on April 28-30, 2021), while the best efficiency of processing winter wheat crops 

was provided by a multi-injector when the plant height was - 60-70 when treating crops with 

a sprayer with the same rate of application of CAM+S, the height of the plants was less - 40-

50 cm (10-20 cm less). We also assessed the condition of the leaf part of winter wheat with 

the N-tester device according to the nitrogen-N content (Table 2), which showed its increase 

after CAS treatments. 

According to meteorological data for two years, of which 2021 was a dry year, since, 

during the growing season of winter wheat – August 2020 - August 2021, pre-cipitation fell 

435.7 mm against 575.8 mm - average data, and 2022 was more favour-able in terms of 

moisture, precipitation for the same period fell 580.4 mm, which is 144.7 mm more. Although 

the weather in 2020 and 2021 before sowing for winter crops in the Samara region was not 

favourable enough: there was a low degree of soil moisture, which is in principle natural for 
the Volga region (Samara region), due to late precipitation and warm weather, winter 

seedlings and tillering were good, the overwintering was satisfactory and the crops looked 

good in spring. As a result, in ac-cordance with weather conditions, when the average amount 

of precipitation during the growing season of winter wheat in 2021 (13 months - from August 

1, 2020 to Au-gust 31, 2021) fell by 24% less than the average annual figures in 2022 - 435.7 
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mm ver-sus 580.4 mm (13 months - from August 1, 2021 year to August 31, 2022), 

respectively, and the average yield of winter wheat in the Samara region as a whole in 2021 

was low-about 2.0 t/ha than in 2022- by 1.72 t/ha and was equal to 3.72 t/ha. Weather con-

ditions of the current season 2021-2022 were favorable for winter wheat, which is con-firmed 

by the receipt of a record harvest of winter wheat in the Samara region – 4.42 t/ ha. t ha t ha 

... t ha.t ha. 

3 Results 

The results of the study on the analysis of the average yield of winter wheat vari-ety “Basis” 

according to the variants of experiments compared with the control – 3.99 t/ha shows: 

According to the results of the study and analysis of the experiments that were held on 
the winter wheat variety “Basis”  compared with the control – 3.99 t/ha it can be resumed:  

1. When processing winter wheat of the “Basis” variety in the tillering phase with a 

sprayer “Tuman-2” with the use of liquid nitrogen-sulfur-containing fertilisers CAM 

significantly increases the yield of wheat. When processing crops with CAM with a sulfur-S 

norm of 200 l/ha, the yield increased to 4.84 t/ha (increased by 21.1%), at the same rate of 

200 l/ha, but with the addition of organic fertiliser potassium humate - 5 l/ha and trace 

element copper (Cu) in the amount of 0.5 kg/ha yield increased to 6.28 t/ha (increased by 

57.4%) compared to the control; 

2. When processing winter wheat of the “Basis” variety in the tillering phase with the 

innovative multi-injector unit “Tuman-2M” with liquid nitrogen-sulfur-containing fertilisers, 

the yield increases significantly to a greater extent compared with the treatment of crops with 
a sprayer. Thus, when processing crops with CAM with sul-fur-S with a rate of 200 l/ha with 

a multi-injector, the yield increased to 5.61 t/ha (in-creased by 40.5%), at a rate of 300 l/ha, 

the yield increased to 5.2 t/ha (increased by 45.7%), at a rate of 350 l/ha, the yield increased 

to 7.5 t/ha or (increased by 79.1%) compared to the control (Table 1). When studying the 

nitrogen content, it can be con-cluded that the largest amount of nitrogen in comparison with 

the control values was found in the sample Sprayer, Multi-injector, CAM+S - 350 l/ha 

nitrogen content was 31.26. The lowest result was obtained with Sprayer, CAM+S: 200 l/ha, 

humates 5 l/ha + Copper  0.5 kg/ha, nitrogen content was 19.3. 

In our experiments, when processing winter wheat crops with a multi-injector at a rate of 

application of 200 l/ha, the yield was obtained almost equal (within 5% of the experimental 

error from the control), but with large rates of CAM application, the multi-injector showed 
greater efficiency compared to the sprayer. That is, with a fur-ther increase in fertilizer 

application rates (300, 350 l/ha), the nitrogen content in the soil increases with a positive 

effect on increasing yield and quality. 

Table 1. Nitrogen content (nitrogen Md, %) in the soil when winter wheat is treated with liquid 
mineral fertilisers CAM+S sprayer (200 l/ha), CAM+S (200l/ha) + Humates (5 l/ha) + Copper 

(CuSO4 - 0.5 kg/ha), and multi-injector (200, 300, 350 l/ha) 

Technical means of application 

Sprayer Sprayer 

Sprayer, CAM+ S-200 

l/ha 

Sprayer, CAM+ S-200 

l/ha 

Sprayer, CAM+ S-200 

l/ha 

Sprayer, CAM+ S-200 

l/ha 

19.3 19.3 19.3 19.3 
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Fig.3. Dynamics of changes in nitrogen content (nitrogen Md,%) in the soil during the treatment of 
winter wheat crops with liquid mineral fertilisers CAM+S sprayer (O) - 200 l/ha and multi-injector 
(M) - 200, 300, 350 l/ha 

- especially with a rate of application of 350 and 200+200l/ha. 

Table 2. The presence of nitrogen-N in the leaves of winter wheat according to the variants of the 
experiment (May 24, 2021) 

Sprayer Tuman-
2M (Pegas-Agro) 

Multi-injector Tuman-2M (Pegas-Agro) 

CAM+S - 200 
l/ha 

CAM+S 
- 200 
l/ha 

CAM+S - 
300 l/ha 

CAM+S - 
350 l/ha 

CAM+S - 200 l/ha + 
multi-injector - 

CAM+S: 200 l/ha 

736 735 740 750 760 

 

Indicator “amount of nitrogen – N”  in leaves significantly (more than 5% of the error of 

experience) increases, especially with an increase in the rate of application of CAM +S, in 

particular without liquid fertilisers CAM + S, this indicator was 722 units, which is 13-14 

units less than when processing wheat with a sprayer and a multi-injector with a rate of 200 
l/ha and 18-38 units less than when treatment of plants with a multi-injector norm of 300-

350 l/ha.  

In general, the use of liquid nitrogen-sulfur-containing fertilisers CAM+S provided high 

yields (Fig. 5) and grain quality (Table 4). At the same time, CAM+S with a norm of 200 

l/ha in a tank mixture with potassium humate (5 l/ha) and a trace element-copper-copper 

sulfate-CuSO4 (0.5 kg/ha) with a rod sprayer treatment increases yields by almost 30% 

compared to with pure CAM+S (Fig. 4).  

When studying the nitrogen content in leaves after fertilisation by various methods, it was 

found that the highest content is obtained with Sprayer “Tuman-2” (“Pegas-Agro”) - 

CAM+S: 200 l/ha + multi-injector - CAM+S: 200 l/ha ( 760), the smallest – with Multi-

injector “Tuman-2M” (“Pegas-Agro”) - CAM+S 200 l/ha. 

The indicator “amount of nitrogen-N” in leaves on winter wheat without liquid fertilisers 
CAM+S was 722 units, which is 4% less than when processing wheat with a multi-injector 

“Tuman”  (“Pegas-Agro”) norm of 350 l/ha. In general, the use of liquid nitrogen-sulfur-

containing fertilisers of CAM provided high yields (Table 3, ) and grain quality (Table 4). 

CWhen processing crops in-soil with the introduction of CAM+S with a rate of 200 l/ha 

with a multi-injector compared to a sprayer, the yield increased from 48.4 to 56.1 c/ha or by 
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15%. With an increase in the CAM+S application rate from 200 to 350 l/ha, the yield of 

winter wheat increases from 56.1 to 71.55 c/ha, or by 27.5%, which is significant. As an 

experiment, taking into account that CAM has 3 forms of nitrogen, from which amide 

nitrogen is absorbed by leaves, in experiments winter wheat in the tillering phase was treated 

with CAM+S sprayer with a norm of 200 l/ha and a multi-injector with a norm of 200 l/ha 

with a yield of 63.8 c/ha - at the level of wheat treatment with a sprayer with potassium 

humate and copper (Fig.4), (Table 3).  

Table 3. The yield (t ha c/ha) of winter wheat is the “Basis” variety in the experiments of the Samara 
State Agrarian University in 2020-2021 from CAM+S produced by PJSC KuibyshevAzot using 

various technologies of application by the equipment of LLC Pegas-Agro: sprayer (leaf feeding) and 
multi-injector (intra-soil application) 

No. Variants of application technology Yield, t ha 
Increase in yield, % 

of control 

1 Without fertilisers, control 3.99 - 

2 
Sprayer, leaf dressing in the tillering phase-CAM+S-

200 l/ha 
4.84 21.2 

3 

Sprayer, leaf dressing in the tillering phase-CAZ+S – 

200 l/ha, potassium humate - 5 l/ha, copper(CuSO4) - 

0.5 kg/ha 

6.28 57.4 

4 
Multi-injector, application in the tillering phase - 

CAM+S-200 l/ha 
5.61 40.5 

5 
Multi-injector, application in the tillering phase - 

CAM+S - 300 l/ha 
5.82 45.7 

6 
Multi-injector, application in the tillering phase - 

CAM+S - 350 l/ha 
7.15 79.1 

7 

Sprayer, leaf dressing - CAM+S – 200 l/ha + multi-

injector, application in the tillering phase - CAM+S - 

200 l/ha 

6.38 59.7 

 
      The introduction of CAM increases the protein and gluten content in the grain. The use 
of CAM on winter wheat shows a significant improvement in grain quality (Table 4). When 
CAM+S is applied with a sprayer in the tillering phase, it provides an increase in protein - 
the main baking quality for flour - compared with the control (mass fraction - 13.3%) to 16.3-
16.6% mass fraction (growth is 22.5-24.8%), multi-injector compared with the control to 
15.3-16.7% mass fraction, or by 15.5-25.6% of the control. Practically the same effect was 
obtained from the use of CAM in terms of grain quality – gluten (Table 4). Thus, the use of 
CAM on winter wheat with the introduction of a sprayer according to the standards adopted 
in the experiments in the tillering phase also provides an increase in the basic baking quality 
for flour - gluten compared with the control (mass fraction - 25.7%) to 30.3-31.4% mass 
fraction - (an increase of 17.9-22.0%) from the control, multi-injector compared to with 
control up to 29.6-31.2%, the mass fraction (an increase of 15.1-21.4%) of the control. 

Table 4. The quality of winter wheat grain is the “Basis” variety, depending on the application 
technologies of CAM (CAM+S) at different application rates and tank mixtures (+copper-CuSO4 + 
potassium humate): sprayer with large-drop sprayers (O) and multi-injector (M) “Tuman” (2021) 

Indications Control  

(О) 

КАС+S

, 200 

l/ha 

(О) КАС+S 200 

l/ha, Сu 0,5 kg/ha, 

potassium humate 

5 l/ha 

(М) 

КАС+S 

200 l/ha 

(М) 

КАС+S 

300 l/ha 

(М) 

КАС+S 350 

l/ha 

Md protein, %; 

class 

13.3; 

III cl. 

16.6; 

I cl. 

16.3; 

I cl. 

15.3; 

I cl. 

16.3; 

I cl. 

16.7; 

I cl. 

Md gluten, %; 

class 

25.7; 

III cl. 

31.4; 

II cl. 

30.3; 

II cl. 

29.6; 

II cl. 

30.9; 

II cl. 

31.2; 

II cl. 

IDK, unit; group 
58.0; 

I gr. 

56.8; 

I gr. 

56.5; 

I gr. 

55.1; 

I gr. 

56.8; 

I gr. 

54.2; 

I gr. 
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Vitreous, %; 

class 

39.6; 

III-IV 

cl. 

40.4 

III-IV 

cl. 

39.6; 

III-IV cl. 

37.5; 

III-IV 

cl. 

39.6; 

III-IV cl. 

38.6; 

III-IV cl. 

 

In studies on changes in the quality of winter wheat grain, crops without their treatment 

with liquid nitrogen-sulfur-containing mineral fertilisers CAM+S were taken for the 

“control” and the protein in this version of the experiments was the lowest - 13.3%  

When processing crops with fertilisers CAM both in pure form and tank with a mixture 

with the addition of potassium humate and copper, a sprayer manufactured by the LLC, the 

quality parameters for protein were practically the same: 16.6-16.3%, but significantly 

superior to the “control” by 24.8-22.5%. The in-soil application of CAM+S by an innovative 

multi-injector unit at a rate of application from 200 to 350 l/ha significantly affects the protein 
content in the grain. Thus, when applying liquid fertilisers CAM +S at a rate of 200 l/ha, 

protein increased by 2% compared to the control (Md), which is at the same time 15%; at a 

rate of 300 l/ha, protein increased by 3%, which corresponds to 22.5% of the “control”; with 

a fertiliser application rate of 350 l/ha, protein increased by 3.4%, which corresponds to 

25.6% of the “control”, which significantly improved the grain quality indicator and allowed 

it to be classified as quality class I with quality class III in the “control” - without fertilisers. 

In studies of the quality of winter wheat grain without the use of liquid nitrogen-sulfur-

containing fertilisers CAM +S gluten was 25.7% (MD). When treated with fertilisers 

CAM+S gluten was 31.4% (MD), when processing crops with a tank mixture with potassium 

humate and copper gluten was 30.3% (MD).  

CAM+S multi-injector standards from 200 to 350 liters/ha increased the gluten content 
in the grain. Thus, when applying liquid fertilisers CAM+S at a rate of 200 l/ha, gluten 

increased by 4% compared to the control (Md), which at the same time amounted to 15.1% 

of the “control”. 

At the fertiliser application rate of 300 l/ha, gluten increased by 5.2%, which corresponds 

to 20.2% of the “control”; at the application rate of 350 l/ha, gluten increased by 3.4%, which 

corresponds to 21.4% of the “control”, that is, grain is classified as quality class II at class III 

of the control.  

Thus, the application of CAM+S both by a sprayer on the leaf part of plants and by a 

multi-injector intra-soil, made it possible to improve the quality of winter wheat grain of the 

“Basis” variety in 2021: wheat protein increases class c III to I, gluten - from III to II.  

.t ha .t ha .t ha .t ha Studies in favourable weather conditions in 2022 to assess the 

effectiveness of the innovative multi-injector unit “Tuman-2M” in comparison with the rod 
sprayer “Tuman-2” when applying nitrogen liquid fertilisers CAM+S with trace elements 

showed an increase in the yield of winter wheat relative to the control from 5.17 to 7.85 t ha 

c/ha (Fig.5) with an increase in yield up to 52%. 
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Fig. 5. Yield (t ha c/ha) of winter wheat “Basis” when using liquid mineral fertilisers CAM+S with 
the equipment of LLC “Pegas-Agro”: superficially in the tillering phase with a sprayer (O), intra-soil 
by multi-injector (M) and together (O+M) compared with the control-without fertilisers (experiments 
in 2022) 

When studying the effect of nitrogen liquid mineral fertilisers CAM+S on the quality of 
winter wheat grain of the “Basis” variety in the year of 2022, which was favourable by 
humidification (Table.5) in comparison with the dry year 2021 (Table.4) a similar trend of 
grain quality improvement was obtained. 

Table 5. Quality indicators of winter wheat (%, (I-IV-class) in experiments with different nutrition 
and technologies of application of CAM +S units “Tuman-2” - sprayer (O), “Tuman-2M”-multi-

injector (M) in experiments of the Samara State Agrarian University in 2022. 

Variants of 

experiments 

Protein, %, 

(class) 

Humidity,%  Quality of 

gluten,unit of 

IDK device,%, 

(class) 

Quality of 

gluten,unit of 

IDK device,%, 

(class) 

Glassiness, 

%, 

(class) 

1. Control, 

ammonium 

nitrate 

11.579(IV) 12.615 19.867(IV) 67.470(I) 44.919(II) 

2. (O)CAM+S-

200 l/ha 

11.659 (IV) 12.796 20.422(III) 68.023(I) 45.479(II) 

3.(M) 

CAM+S-200 

l/ha 

12.797(III) 12.442 22.551(II) 69.072(I) 47.085(II) 

4.(M)CAM+S-

300 l/ha 

14.318(I) 12.396 25.163(II) 63.225 (I) 43.459(II) 

5.(M)CAM+S-

350 l/ha 

14.269(I) 12.816 25.407(II) 67.243(I) 46.566(II) 

6.CAM+S 

(O)-200 l/ha 

(M)-250 l/ha 

13.828(I) 12.600 24.798(II) 65.444(I) 44.836(II) 

7. CAM+S-

200 l/ha + 

potassium 

humate -5 l/ha; 

+ Cu + Zn + 

Br -0.5 kg/ha + 

19.780(I) 12.620 24.452(II) 67.039(I) 44.060(II) 
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inhibitor - 0.1 

kg/ha 

 

The assessment of the quality of winter wheat grain “Basis” was carried out according to 

the main milling indicators: protein and gluten. The use of CAM+S with a rate of application 

of 200-450 l/ha with a sprayer and a multi-injector and with tiered treatment together with a 

multi-injector and a sprayer. Thus, when applying ammonium nitrate (control) and treating 
CAM+S crops with a sprayer and a multi-injector with a norm of 200 l/ha protein (1-3 

variants, Table.5), the protein was 11.579, 11.659% (IV class) and 12.797% (III class), in all 

other experiments (4-7 variants, Table.5) with an increase in the rate of application of 

CAM+S to 300, 350 and 450 l/ha, when treated with a multi-injector and sprayer together, 

the class of wheat in protein, protein improves to I cl.  

Gluten is also used in 1-2 variants of experiments (Table.5) the mass fraction of gluten is 

19.86% (class IV) and 20.42% (class III), and with an increase in the rate of application of 

CAM +S more than 200l / ha, the mass fraction of gluten increases to a maximum of 25.407% 

and in all variants of experiments this indicator improves to class II quality. According to the 

quality of raw gluten (unit of the IDK device, in all experiments, a grain of class I was 

obtained. The results obtained are of great importance for obtaining winter wheat grains with 
high baking qualities, especially in a wet year with high yields.  

In general, when winter wheat was fertilised with liquid fertilisers CAM+S in the tillering 

phase with a multi-injector, the yield compared to the control increased from 51.7 to 6.55 t 

ha c/ha (Fig.5) - or by 26.7%, when potassium humate-5L/ha and trace elements – Cu, Zn, 

Br 0.5 kg/ha wheat yield increased to 7.69 t ha c/ha or 48.7%. The effectiveness of the 

introduction of CAM tank mixtures using meso- and micro-fertilisers was also studied.  

Fertilisers were applied intra-soil with a multi-injector, and superficially with a sprayer, 

almost double the rate of 250+200 l/ ha CAM + S to determine the maximum possibilities of 

the effect of CAM on increasing the yield of winter wheat. At the same time, the highest yield 

was obtained – 7.85 t ha c/ha, which is 51.8% higher than the control, significantly exceeding 

the record high average yield of winter wheat in the Samara region – 4.4.2 t ha c/ha on 424 
thousand hectares by the end of 2022 with favorable weather for many years in terms of 

humidity compared with a lower average yield for Samara region - 20 kg/ha of winter wheat 

in a dry and unfavourable for agriculture, but typical for the region in 2021. 

Since 2022, “Pegas-Agro” LLC (Samara, Russia) has started production of self–propelled 

technological complexes “Tuman” on a new base platform with improved technological 

indicators and appearance for all agrochemical works at a new modern production site – at a 

new plant (Fig.6). 

 

 
                                         a)                                                                           b) 

Fig. 6. Technological self-propelled complexes “Tuman” from “Pegas-Agro” LLC (Samara, 
Russia): a) - rod sprayer, b) - spreader-distributor of solid mineral fertilisers 

 

 

 

 

 

 
 E3S Web of Conferences 420, 10046 (2023) https://doi.org/10.1051/e3sconf/202342010046

EBWFF 2023

12



4 Discussion 

The global growth of the Earth's population is about 75 million, or 1.1% per year. The need 

for food in the world is steadily growing against the background of global population growth. 

The food problem is not just a lack of food. The process of its production, long before it 

reaches grocery stores, causes many problems affecting the duration and quality of life on 

earth.  

It is necessary to increase the rate of growing spring wheat, improve the quality of the 

crop and contribute to improving soil fertility [20,26]. At the same time, it is recommended 

to apply a fertiliser based on CAM before sowing wheat and in the tillering phase. For optimal 

application and avoiding burns when spraying fertiliser, apply intra-soil with the help of a 

multi-injector “Tuman-2“, as it is designed for point injections of liquid fertilisers.  
During the pre-sowing application of CAM and processing of grain crops in the tillering 

phase, it is allowed to work with concentrated solutions under favourable weather conditions. 

When surface processing of grain in the phase of the stem elongation, it is necessary to use 

not concentrated CAM, but its solutions. 

The maximum possible effect from the use of liquid fertilisers was obtained with the 

combined application of CAM + S of almost double the norm (with a multi-injector intra-soil 

+ a surface sprayer). At the same time, the yield was 7.85 t/ha, or 51.8% higher relative to 

the control values. 

According to the results of our long-term research, nitrogen liquid fertilisers based on 

urea-ammonia mixture CAM significantly affect the increase in yield and quality of 

cultivated crops.  

When using CAM, the most effective technology for its application, especially in dry 
years, is intra-soil injection by a multi-injector. In our experiments, the “Tuman-2M“multi-

injector produced in Russia by LLC Pegas-Agro showed good results. 

In general, liquid mineral fertilisers of CAM have an advantage over solid fertilizers, 

especially in dry years, which is especially important in the conditions of predicted global 

warming. 

5 Conclusions 

The results of our study revealed that wheat productivity increases when fertilising with a 

multi-injector intra-soil. The most optimal results were obtained when using nitrogen-sulfur–

containing mineral fertilisers based on a carbamide–ammonia mixture of CAM with the 
addition of a mesoelement - sulfur S (CAM + S).  

The introduction of liquid mineral nitrogen-sulfur-containing fertilisers CAM+S on 

winter wheat of the "Basis" variety, despite unfavourable dry-hot conditions, provided a 

sufficiently high yield of wheat – up to 7.0 t/ ha, and in a more favourable humidification 

year 2022, the maximum yield in experiments reached 7.85 t/ ha. The use of this method of 

fertilisation leads to positive results. With an increase in yield, the main baking indicators for 

the mass fraction of protein and gluten by class also significantly increase. 

The innovative technology of CAM application applicable to winter wheat has provided 

improvements in protein quality class I compared to class III, and gluten – quality class II 

compared to Class III.  

The condition of the crops was good, the grain quality according to baking indicators, 

mainly gluten and protein, was also high for winter wheat and was at the level of III‒II 
classes, which indicates the effective action of nitrogen liquid mineral fertilisers. The 

effectiveness of innovative technologies with the introduction of liquid nitrogen mineral 

fertilisers CAM will be greater with the use of precision agriculture and additional 

agrotechnical measures for moisture accumulation and its economical use [27,30]. 
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