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Abstract 
In a short–term field experiment, studies were carried out on the effectiveness of inoculation of chickpea seeds with 

symbiotic microbial strains. The soil is ordinary chernozem with an average supply of mineral nutrients and a neutral reaction 

of the environment. The high efficiency of microbial strains has been established, which improves the supply of plants with 

available forms of nitrogen, phosphorus and potassium. An increase in the content of nitrate nitrogen is typical for the first half 
of the growing season, available phosphorus and mobile potassium – throughout the growing season. The symbiotic 

preparations increased the grain productivity by 0.30–0.34 t/ha, while the control yield was 1.51 t/ha. The collection of protein 

in this case increased by 0.49–0.74 c/ha. 
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ВЛИЯНИЕ БАКТЕРИАЛЬНЫХ УДОБРЕНИЙ НА ПЛОДОРОДИЕ 

ЧЕРНОЗЕМА И ПРОДУКТИВНОСТЬ НУТА 
Научная статья 

 

Аннотация 
В краткосрочном полевом опыте проведены исследования эффективности инокуляции семян нута 

симбиотическими микробными штаммами. Почва чернозем обыкновенный со средней обеспеченностью элементами 
минерального питания и нейтральной реакцией среды. Установлена высокая эффективность микробных штаммов, 

способствующая улучшению обеспеченности растений доступными формами азота, фосфора и калия. Повышение 

содержания нитратным азотом характерно для первой половины вегетации, доступным фосфором и подвижным 

калием – в течение всего вегетационного периода. Симбиотические препараты увеличивали зерновую продуктивность 

на 0,30–0,34 т/га при уровне урожайности на контроле 1,51 т/га. Сбор белка при этом повышался на 0,49–0,74 ц/га. 

Ключевые слова: нут, эффективное плодородие, урожайность. 

 

1. Introduction 
 

Chickpea is a rather plastic culture, resistant to adverse environmental factors [1]. The scientific community is constantly 

searching for technological methods aimed at stabilizing soil fertility and increasing the productivity of crops. Presowing 

inoculation of chickpea seeds with symbiotic strains plays a significant role in activating physiological processes, improving 

the quality and yield of grain [2]. Mineral fertilizers reduce the productivity of chickpeas [3], [4]. 

The cultivation of high–protein crops can solve the problem of fodder protein [1], [5]. Microbial preparations optimize soil 

fertility and plant growth processes. In this regard, the use of the biological characteristics of legumes capable of symbiotic 

nitrogen fixation is a promising area of scientific research. The use of microbial preparations enhances the adaptive capacity of 

plants, productivity, and resistance to stressful situations [6], [7]. 
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2. Materials and methods of research 

 

The purpose of the research is to establish the effect of rhizotrophin strains on the change in the fertility of ordinary 

chernozem and the yield of chickpeas. 

The studies were carried out in the conditions of the southeast of the Central Black Earth region on the fields of the 
Voronezh Federal Agrarian Research Center named after V.V. Dokuchaev. The soil of the experimental plot is ordinary 

(segregation) chernozem, medium humus, heavy granulometric composition. Agrochemical characteristics of the arable 

horizon: humus content – 6.8–7.2%, pH of the water extract – 7.0–7.2, content of mobile phosphorus and available potassium 

(according to Chirikov) 100–120 and 120–140 mg / kg. Chickpea variety – Krasnokutsky 36, Sowing was carried out in the 

third decade of April with a sowing rate of 700 thousand pieces/ha. Harvesting in the ripeness phase with a Sampo combine – 

130. The area of the sowing plot is 5m2, repetition – 6 times. Predecessor – winter cereals. Rizotorfin obtained from the All–

Russian Research Institute of Agricultural Microbiology. 

 

3. The research results 
 

Provision with mineral nutrition elements is one of the main conditions for normal growth, development and formation of 

productivity elements. Our study of the effect of microbial preparations on indicators of effective fertility indicates their 

positive effect, starting from the initial stages of chickpea organogenesis. In the seedling phase on the control variant (without 

seed inoculation), the amount of nitrate nitrogen was 12.0 mg/kg of soil. The use of active strains of symbiotic preparations for 

most strains contributed to an increase in the content of N–NO3 by 0.7–1.7 mg/kg (Table 1). In absolute terms, the excess 

ranged from 5.9 to 14.2%. The maximum value is typical for inoculation with strains 065 and 522. The use of strain 527 did 

not improve the supply of soil nitrogen. 

As the vegetative mass grows and forms, the soil reserves of mineral elements are consumed. By the phase of  

flowering-bean formation, a regular decrease in the amount of available nitrogen was noted. Its value according to the variants 

of the experiment varied within 10.0 – 11.5 mg/kg. The excess in relation to the control was 8.0–15.0%. In absolute terms, the 
indicators were close to the germination phase. 

In the second half of the growing season, during the formation of elements of grain productivity, the consumption of 

mineral elements increases. The content of nitrate nitrogen by the ripeness phase decreased to a greater extent in the variants 

with the use of symbiotic strains, which is due to the formation in this case of increased grain productivity. 

Along with nitrogen, the amount of phosphorus available to plants is also an essential element in promoting plant growth. 

It directly affects the energy metabolism of cells. According to our observations, in the phase of seedlings under the influence 

of microbial strains, a significant increase in the supply of chickpea plants with phosphorus was noted. The minimum amount 

is typical for the control variant (without inoculation) – 96.0 mg/kg. Symbiotic nitrogen fixers contributed to an increase in the 

amount of available phosphorus to 104.0 – 133.0 mg/kg. The maximum indicators were noted when using strains 522 and 527, 

the excess in relation to the control was 25.0 and 38.5%, respectively. 

In the flowering phase, the noted regularity was preserved. But the total background content was higher than the beginning 

of the growing season. With an average value of available phosphorus in the seedling phase at the level of 114 mg/kg, in the 
flowering phase it increased to 125.4 kg/kg. The inoculants contributed to an increase in the amount of available phosphorus 

by 20.7 – 39.6%. The maximum values, as in the seedling phase, are characteristic of strains 522 and 527. At a control level of 

101.0 mg/kg, the phosphorus content in these strains was 134.0 and 141.0 mg/kg. 

By the end of the growing season, the total background content of phosphorus, on average, according to the variants of the 

experiment, rises to 138.2 mg/kg. At the same time, a higher level is noted when using symbiotic inoculants. The excess in 

relation to the control was 6.8–9.2%. 

The conducted studies also revealed an increased availability of mobile potassium under the influence of symbionts in all 

phases of determination. The maximum value was noted in the initial period of development of chickpea plants. According to 

the variants of the experiment, the content of potassium varied within 120–198 mg/kg. By the middle of the growing season 

(flowering phase) gradually decreased to 99.0–170.0 mg/kg. By the end of the growing season, a decrease to the level of 93.0–

157.0 mg/kg was noted. During the entire growing season, the minimum values are typical for the control variant  
(non-inoculated seeds). Consistently high values are noted when seeds are treated with strains 522 and 527. 
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Table 1 – The content of nutrients in the soil 

Strains 

N–NO3 P2O5 K2O 

Seedlings, 
mg/kg 

Bloom, 

mg/kg 

Ripeness, 

mg/kg 

Seedlings, 

mg/kg 

Bloom, 

mg/kg 

Ripeness, 

mg/kg 

Seedlings, 

mg/kg 

Bloom, 

mg/kg 

Ripeness

, mg/kg 

Control 12,0 10,0 7,5 96,0 101,0 131,0 135,0 99,0 93,0 

Strain 

Н–27 
12,7 10,8 6,6 104,0 129,0 139,0 147,0 170,0 112,0 

Strain 

065 
13,3 11,4 10 117,0 122,0 139,0 120,0 107,0 138,0 

Strain 

522 
13,7 11,5 6,5 120,0 134,0 142,0 154,0 136,0 157,0 

Strain 

527 
10,2 10,0 6,0 133,0 141,0 140,0 198,0 131,0 132,0 

NDS05 0,42 0,36 0,28 7,56 10,5 7,3 6,2 8,6 10,3 

 

The use of symbiotic strains for presowing inoculation of chickpea seeds had a positive effect on increasing the 

productivity of chickpea plants. On average, over the years of research, the yield under the influence of inoculants increased by 

0.23 – 0.34 t/ha. The maximum productivity was ensured by pre–sowing inoculation with strain 522 – 1.85 t/ha, with a control 

yield of 1.51 t/ha. For other strains of preparations, the grain harvest per unit area was close and amounted to 1.74–1.77 t/ha. 

At the same time, the excess of the control variant was 0.23–0.26 t/ha. 

 

Table 2 – Chickpea yield 

option t/ha 

control 1,51 

Н–27 1,76 

strain 065 1,77 

strain 522 1,85 

strain 527 1,74 

strain KZ–2013 1,56 

NDS05, t/ha 0,15 

                    

Chickpea is a protein crop. In this regard, the assessment of the protein productivity of chickpea crops is of current 

importance. All strains of symbiotic nitrogen fixers had a positive effect on the protein content in chickpea grain, and 

ultimately on its yield per unit area. As a result of improved provision with mineral nutrition elements and growing conditions, 

the protein content in chickpea grain increased from 17.0 to 17.4 – 18.8% (Table 3). At the same time, protein harvest 

increased from 2.57 to 3.06–3.31 c/ha. According to the percentage content and protein yield, the variant with pre–sowing 

inoculation with strain H–27 was distinguished – 18.8% and 3.31 c/ha, respectively. The use of strains 065 and 522 was 

slightly inferior in this respect. 
 

Table 3 – The content and collection of protein in chickpea crops 

option % c/ha 

control 17,0 2,57 

Н–27 18,8 3,31 

strain 065 18,2 3,22 

strain 522 17,4 3,22 

strain 527 17,6 3,06 

 

4. Conclusions 
 

Presowing inoculation of chickpea seeds with symbiotic strains of bacteria increases the content of available mineral 

nutrients in the soil. The amount of available nitrate nitrogen in relation to the control increases in maximum terms to 8.0–

15.0%. This pattern is especially pronounced in the first half of the growing season. The supply of available phosphorus and 

mobile potassium is also significantly increased. 

Improving root nutrition has a positive role in the formation of higher grain productivity of chickpeas. Under the influence 

of symbiotic preparations, the yield increases by 0.23–0.34 t/ha. 

The inoculants contributed to an increase in protein content in chickpea grain by 0.4–1.8% and protein productivity by 
0.49–0.74 kg/ha. 
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