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Objective. Study the effect of the polysaccharide-protein complex on the efficiency of the use of 
the microbial preparation Ryzohumin for presowing and early bacterization of soybean seeds. 
Methods. Field experiment, microbiological, gas chromatography, mathematical statistics methods. 
Results. The influence of presowing bacterization of Suziria soybean variety on the formation of 
plant-microbial symbiosis with the use of Ryzohumin and simultaneous treatment of seeds with pol-
ysaccharide-protein complex (PPC) was studied. It was found that the highest number of nodules 
was in the variant with presowing bacterization using Ryzohumin with PPC: 4.5 times higher com-
pared to control. In the variant with the use of PPC with early bacterization of seeds, the number of 
nodules on the roots of the plants was at the level of the variant with presowing bacterization using 
Ryzohumin (without PPC), although it was lower than the variant with presowing bacterization 
with the use of PPC. The largest weight of nodules was found during presowing bacterization using 
Ryzohumin and PPC treatment: it was on average 5.3 times higher compared to control during the 
years of studies. In the study of the influence of bacterization on the nitrogen-fixing activity of soy-
bean nodule bacteria, its growth in all variants with bacterization was established. The highest ac-
tivity was observed in the variant with presowing bacterization and treatment using PPC — 
6,278.0 nmol C2H4/plant per hour, which is 2.7 times higher in comparison with the control param-
eters (without bacterization). With the early bacterization of seeds with Ryzohumin and PPC, the 
activity of nitrogen fixation was at the level of the variant with pre-sowing bacterization without 
PPC. On average, over the three years, the yield of soybean under pre-sowing bacterization was 
3.33–3.43 t/ha, which is 29.6–33.5 % higher than in the control, and early bacterization with Ryzo-
humin and PPC treatment provided an increase of 0.68 t/ha, which is 26.5 % higher than in the 
control. Conclusion. Bacterization with Ryzohumin and simultaneous treatment with PPC helps to 
increase the weight and number of nodules on the roots of soybean plants both during pre-sowing 
and early bacterization of seeds. Formation of effective plant-microbial symbiosis provides an in-
creased yield of soybeans up to 33.5 % compared to the control variant. At the same time, early 
bacterization simultaneously with PPC provides an increased yield of 26.5%. The data obtained 
can be used to improve soybean cultivation technologies. 

Key words: nodule bacteria, nitrogen-fixing activity, Ryzohumin, polysaccharide-protein com-
plex, soybean. 

 
Introduction. Specific symbiotic nitrogen-

fixing bacteria, developing in the root zone of 
legumes, can improve their nutrition and stimu-
late growth and development. The problem is 
that as a result of a number of predominantly 
abiotic factors, diazotrophs lose their viability, 
which should be taken into account when using 
microbial preparations that are intended to im-

prove the productivity of leguminous crops, in 
particular, soybeans. Particularly critical is the 
death of bacterial cells of biological agents of 
biopreparations in the period from seed inocula-
tion to the beginning of development of the root 
system of the plant, which results in decreased 
efficiency of inoculation. This problem can be 
solved by increasing the viability of the micro-
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organisms on the seeds by using certain sub-
stances. 

Analysis of recent studies and publica-
tions. Maintenance of bacterial viability can be 
influenced by substances of different origin: su-
crose, maltose [1], glycerol [2; 3], sodium algi-
nate [4; 5], gum arabic [6; 7], polyvinyl pyrroli-
done [1]. There is an evidence of a positive 
effect of organic film-forming due to the protec-
tive effect on the viability of rhizobia upon in-
oculation of soybean seeds. The preparation 
containing this film-forming agent makes it pos-
sible to increase the period between seed treat-
ment and sowing to 30 days, while maintaining 
the nodulation activity of bacteria [8]. It has 
been shown that the storage of nodule bacteria 
in a vermiculite-based filler with the addition of 
Darina (a complex sapropel-based product with 
addition of nutrients and trace elements), molas-
ses, potassium humates, glycerol, glucose, po-
tassium sorbate, carboxymethylcellulose in 
different concentrations and ratios allows im-
provement in viability of studied microorgan-
isms and gain increase of the yield [9]. 

Other authors have evaluated the influence 
of polyvinyl pyrrolidone, polyethylene glycol, 
polyvinyl alcohol, gum arabic, starch and sodi-
um alginate on the maintenance of rhizobia in 
liquid medium and on seeds. Supplements have 
been shown to promote the survival of microor-
ganisms. In this case, cell viability depended on 
the strain of bacteria and chemicals being tested 
[10]. 

It is noted that preference should be given 
to substances of a polymeric nature, which most 
effectively protect nitrogen-fixing bacteria from 
the negative impact of stressors [11]. Experi-
ments with inoculation of seeds by soybean 
nodule bacteria showed that cells of these diazo-
trophs survive better with simultaneous inocula-
tion using polyacrylamide gel [12]. 

In previous studies, we have shown that a 
polysaccharide-protein complex that has a posi-
tive effect on the survival of diazotrophs, in par-
ticular, soybean nodule bacteria, is promising 
for increasing the viability of soybean nodule 
bacteria [13]. 

Study objective — to study the influence 
of the polysaccharide-protein complex on the 
efficiency of the use of the microbial prepara-
tion Ryzohumin for pre-sowing and early bac-
terization of soybean seeds. 

Materials and methods. Field experiments 

were carried out on meadow-chernozem leached 
loamy soil (humus content (according to 
Tiuryn) — 3.1%, total nitrogen — 0.27%, wa-
ter-soluble P2O5 (according to Kirsanov) — 
15 mg/100 g of soil, exchangeable K2O (accord-
ing to Maslova) — 16 mg/100 g, pH = 6.1) of 
the experimental field of the Institute of Agri-
cultural Microbiology and Agroindustrial Man-
ufacture of the NAAS. 

The scheme of the experiment to study the 
influence of soybean bacterization with Ryzo-
humin and treatment with polysaccharide-
protein complex (PPC) on the growth and de-
velopment of soybean plants provided the fol-
lowing variants: 

1. Control (without treatment). 
2. Treatment of seeds with PPC. 
3. Presowing bacterization with Ryzohu-

min. 
4. Presowing bacterization with Ryzohu- 

min + PPC treatment. 
5. Bacterization with Ryzohumin (1 month 

in advance). 
6. Bacterization with Ryzohumin + PPC 

treatment (1 month in advance). 
The area of the accounting plot is 10 m2. 

Repeatability is 4-fold. 
Suziria soybean variety. Originator — Na-

tional Scientific Center “Institute of Agriculture 
of the NAAS”. Soybean variety with determi-
nant type of growth, registered in the Register of 
varieties of Ukraine in 2010. Recommended 
growing areas: Polissia, Forest-Steppe and 
Steppe zones of Ukraine. 

Microbial preparation Ryzohumin (TU U 
24.1-00497360-003:2007, Certificate of State 
Registration A 01863), as well as PPC (based on 
sodium alginate, starch and gelatine) were used 
for the presowing treatment of soybean seeds in 
experiments [13]. 

The determination of the activity of nitro-
gen fixation in root nodules was performed by 
acetylene method [14; 15] on a Chrom 4 gas 
chromatograph with a flame ionization detector. 
The sorption steel columns were filled with 
Porapak Q 60–80 mesh sorbent. The thermostat 
temperature was 40ºС. Gas consumption: hyd-
rogen — 15 cm3/min, nitrogen — 100 cm3/min, 
air — 500 cm3/min. 

Planning and conducting field experiments, 
crop accounting and statistical processing of the 
obtained data were performed according to ex-
isting methods [16; 17]. The resulting digital 
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material was processed by the method of ana-
lysis of variance using the Excel software pack-
age. 

Results. During the study of the influence 
of presowing bacterization of soybean seeds on 
the formation of nitrogen-fixing symbiosis, it 
was found that in the average of three years, the 
highest number of nodules was in the variant 
with presowing bacterization with Ryzohumin 
together with PPC treatment: parameters are 
4.5 times higher compared with the control 
(Table 1). When Ryzohumin was used early and 
without PPC, the number of nodules was lower 
in terms of variants with and without presowing 
bacterization of seeds with this microbial prepa-
ration and PPC. 

It was found that in the variant with the use 
of PPC and early bacterization of seeds, the 
number of nodules on the roots of the plants was 
at the level of parameters of the variant using 
presowing bacterization withal Ryzohumin 
(without PPC), although it was lower than the 
variant using presowing bacterization and sim-
ultaneous PPC treatment. 

The largest weight of nodules was detected 
during presowing bacterization with Ryzohumin 
and treatment with PPC: on average, it was 
5.3 times higher in control over the years. In the 
variant with early bacterization of seeds without 
PPC, the weight of the nodules was almost 
twice lower in comparison with the early bacter-
ization with PPC (Table 2). In the variant with 
only PPC treatment (without seed bacteriza-

tion), an increase in both the number and weight 
of the nodules on the roots of soybean plants 
was found, which can be explained by the posi-
tive influence of the polysaccharide-protein 
complex on the development of native nodule 
bacteria. 

In the study of the effect of bacterization on 
the nitrogen-fixing activity of soybean nodule 
bacteria under symbiosis conditions, its growth 
in all variants with the microbial preparation 
Ryzohumin was established (Table 3). The tra-
ditional presowing treatment of seeds with only 
a microbial preparation provided 2.4-fold in-
crease of parameters compared with control 
(without bacterization) in the soybean flowering 
phase over an average of three years. The high-
est activity was in the variant with presowing 
bacterization simultaneously with PPC treat-
ment, and amounted to 6,278.0 nmol C2H4/plant 
per hour, which is 2.7 times higher than in the 
control. In case of early bacterization without 
PPC, nitrogen-fixing activity was the lowest 
among the variants with Ryzohumin, but it was 
higher in comparison with the control by 
57.6 %. During early bacterization of seeds with 
Ryzohumin simultaneously with PPC treatment, 
nitrogen-fixing activity was at the level of the 
variant with presowing bacterization without 
PPC treatment: 5,063.6 nmol C2H4/plant per 
hour, which is 115.5 % higher than in the con-
trol and 36.7 % higher than in the variant with 
early bacterization without PPC. The obtained 
data can be explained by the ability of PPC to 
 

Table 1. Influence of inoculation of soybean seeds on the number of nodules on the root, 
flowering phase (2017–2019) 

Variants of experiment 
Number of nodules, pcs/plant ± to control 

2017 2018 2019 Mean pcs/plant % 
Control (without treatment) 5.0 ± 0.9 35.3 ± 4.1 21.7 ± 2.0 20.7 – – 
Treatment with PPC 7.3 ± 1.8 54.7 ± 6.5 26.0 ± 4.9 29.3 +8.6 +41.5 
Presowing bacterization with 
Ryzohumin 15.7 ± 2.0 91.0 ± 9.6 54.3 ± 5.8 53.7 +33.0 +159.4 

Presowing bacterization 
with Ryzohumin and PPC 
treatment 

17.7 ± 2.2 169.3 ± 17.9 92.7 ± 6.4 93.2 +72.5 +350.2 

Bacterization with Ryzo-
humin (1 month in advance) 12.0 ± 1.7 80.7 ± 5.0 46.7 ± 2.4 46.5 +25.8 +124.6 

Bacterization with Ryzo-
humin and PPC treatment 
(1 month in advance) 

15.7 ± 2.8 92.3 ± 5.6 55.7 ± 5.2 54.7 +34.0 +164.3 
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Table 2. Influence of presowing inoculation of soybean seeds of Suziria variety on nodule 
weight, flowering phase (2017–2019) 

Variants of experiment 
Number of nodules, pcs/plant ± to control 

2017 2018 2019 Mean pcs/plant % 
Control (without treatment) 0.09 ± 0.01 0.16 ± 0.04 0.11 ± 0.02 0.12 – – 
Treatment with PPC 0.17 ± 0.01 0.24 ± 0.05 0.22 ± 0.04 0.21 +0.09 +75.0 
Presowing bacterization with 
Ryzohumin 0.52 ± 0.05 0.64 ± 0.12 0.62 ± 0.07 0.59 +0.47 +391.7 

Presowing bacterization 
with Ryzohumin and PPC 
treatment 

0.55 ± 0.04 0.50 ± 0.08 0.83 ± 0.03 0.63 +0.51 +425.0 

Bacterization with Ryzo-
humin (1 month in advance) 0.22 ± 0.03 0.24 ± 0.05 0.37 ± 0.02 0.28 +0.14 +133.3 

Bacterization with Ryzo-
humin and PPC treatment 
(1 month in advance) 

0.39 ± 0.01 0.53 ± 0.09 0.58 ± 0.04 0.50 +0.38 +316.7 

 
Table 3. Influence of inoculation of soybean plants on nitrogen-fixing activity, flowering 

phase (field experiment 2017–2019) 

Variants of 
experiment 

Nitrogen-fixing activity,  
nmol С2Н4 / plant per hour ± to control 

2017 2018 2019 Mean nmol С2Н4 / 
plant per hour % 

Control 
(without treatment) 

2,603.0 
± 433.0 

2,103.0 
± 33.0 

2,343.3 
± 156.0 2,349.8 – – 

Treatment with PPC 3,208.3 
± 100.1 

2,528.3 
± 112.3 

2,834.0 
± 370.9 2,856.9 +507.1 +21.6 

Presowing bacterization with 
Ryzohumin 

6,101.6 
± 169.5 

5,041.6 
± 201.5 

5,634.3 
± 462.8 5,592.5 +3,242.7 +138.0 

Presowing bacterization with 
Ryzohumin and PPC treat-
ment 

6,533.3 
± 162.2 

6,013.3 
± 105.3 

6,287.3 
± 418.8 6,278.0 +3,928.2 +167.2 

Bacterization with Ryzo-
humin (1 month in advance) 

4,161.8 
± 256.1 

3,294.1 
± 162.3 

3,656.0 
± 380.7 3,704.0 +1,354.2 +57.6 

Bacterization with Ryzo-
humin and PPC treatment (1 
month in advance) 

4,794.1 
± 362.3 

4,981.8 
± 206.8 

5,415.0 
± 472.6 5,063.6 +2,713.8 +115.5 

 
increase the viability of soybean nodule bacte-
ria, which had a positive effect on the efficiency 
of plant-microbial symbiosis. 

The integral parameter that determines the 
efficiency of a particular practice is the yield of 
crops. Soybean productivity studies under 
presowing seed treatment with Ryzohumin have 
shown high efficiency in agricultural practice. 
On average, over the three years, the yield of 
soybean under presowing bacterization was 

3.33–3.43 t/ha, which is 29.6–33.5 % higher 
than the control parameters, and early bacteriza-
tion with Ryzohumin and PPC treatment pro-
vided an increase of 0.68 t/ha, which is 26.5 % 
higher than in the control (Table 4). 

Thus, bacterization with Ryzohumin and 
simultaneous treatment with PPC helps to in-
crease the weight and number of nodules on the 
roots of soybean plants both under presowing 
and early bacterization of seeds. Formation of 
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Table 4. Influence of presowing bacterization on the yield of soybean grain of Suziria variety 
(field experiment 2017–2019) 

Variants of experiment 
Yield, t/ha Yield increase 

2017 2018 2019 Mean t/ha % 
Control (without treatment) 2.07 3.07 2.57 2.57 – – 
Treatment with PPC 2.11 3.23 2.73 2.69 0,12 4,7 
Presowing bacterization with 
Ryzohumin 2.55 4.23 3.20 3.33 0,76 29,6 

Presowing bacterization with 
Ryzohumin and PPC treatment 2.82 4.12 3.34 3.43 0,86 33,5 

Bacterization with Ryzohumin 
(1 month in advance) 2.25 3.67 2.78 2.90 0,33 12,8 

Bacterization with Ryzohumin and 
PPC treatment (1 month in advance) 2.50 4.10 3.16 3.25 0,68 26,5 

НІР05 0.20 0.33 0.27  
 

effective plant-microbial symbiosis provides a 
yield increase of soybeans up to 33.5 % com-
pared to the control variant. At the same time, 
early bacterization in combination with PPC 
provides a yield increase of 26.5 %. 
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Мета. Дослідити вплив полісахаридно-білкового комплексу на ефективність застосу-

вання мікробного препарату Ризогуміну за передпосівної і завчасної бактеризації насіння 
сої. Методи. Польового досліду, мікробіологічні, газохроматографічні, математичної ста-
тистики. Результати. Досліджено вплив передпосівної бактеризації сої сорту Сузір’я на 
утворення рослинно-мікробного симбіозу за використання Ризогуміну з одночасною оброб-
кою насіння полісахаридно-білковим комплексом (ПБК). Виявлено, що найбільша кількість 
бульбочок була у варіанті з передпосівною бактеризацією Ризогуміном з ПБК: у 4,5 рази ви-
ща проти контролю. У варіанті з використанням ПБК за завчасної бактеризації насіння чи-
сельність бульбочок на корінні рослин хоча й була нижчою проти варіанту з передпосівною 
бактеризацією з використанням ПБК, але перебувала на рівні варіанту з передпосівною 
бактеризацією Ризогуміном (без ПБК). Найбільшу масу бульбочок виявлено у варіанті з пе-
редпосівною бактеризацією Ризогуміном з обробкою ПБК: вона у середньому за роки до-
сліджень була вищою щодо контролю у 5,3 раза. Під час дослідження впливу бактеризації 
на азотфіксувальну активність бульбочкових бактерій сої встановлено її зростання у всіх 
варіантах з бактеризацією. Найвищу активність відмічено у варіанті з передпосівною бак-
теризацією та обробкою ПБК — 6278,0 нмоль С2Н4/рослину за годину, що у 2,7 раза вище 
щодо показників контролю (без бактеризації). За завчасної бактеризації насіння Ри-
зогуміном з обробкою ПБК активність азотфіксації була на рівні варіанту з передпосівною 
бактеризацією без ПБК. У середньому за три роки урожайність зерна сої за передпосівної 
бактеризації становила 3,33–3,43 т/га, що на 29,6–33,5 % вище до контролю, а завчасна 
бактеризація Ризогуміном з обробкою ПБК забезпечила приріст 0,68 т/га, що на 26,5 % ви-
ще контролю. Висновки. Бактеризація Ризогуміном з одночасною обробкою ПБК сприяє 
збільшенню маси і кількості бульбочок на корінні рослин сої як за передпосівної, так і за зав-
часної бактеризації насіння. Формування ефективного рослинно-мікробного симбіозу забез-
печує приріст урожайності сої до 33,5 % проти контрольного варіанту. Водночас завчасна 
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бактеризація сумісно з ПБК забезпечує приріст урожаю на 26,5 %. Отримані дані можуть 
бути використані для удосконалення технологій вирощування сої.  

Ключові слова: бульбочкові бактерії, азотфіксувальна активність, Ризогумін, полісаха-
ридно-білковий комплекс, соя. 
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