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Effect of co-inoculations with growth-
promoting bacteria on soybean crop

ABSTRACT

Aim: To evaluate the co-inoculation of soybean with Pseudomonas fluorescens and P.
fluorescens + Azospirillum brasilense.

Study design: Randomized complete block design with five treatments and eight
replications.

Place and Duration of Study: Ibipord, Parana State, Brazil, during the 2020/21 season.
Methodology: The treatments consisted of untreated control (Cont); mineral fertilizer (Min);
mineral fertilizer + (P. fluorescens + A. brasiliense) (Min — Psf + Azb); mineral fertilizer + P.
fluorescens at two doses (Min — Psf 100 and Min — Psf 200). The effect in the soybean was
assessed by determining the effect on the seedling emergence speed, crop development
and crop yield. Data were subject to ANOVA at P = 0.05. Treatments means were separated
using the Duncan test at a 0.10 level of significance.

Results: The inoculant treatments did not affect the emergence speed index and crop stand.
However, the co-inoculation with P. fluorescens at two doses resulted in the best plant vigor.
In addition, the treatments with co-inoculation increased shoots and root biomass, with Min —
Psf 100 inducing more nodules. Finally, Min — Psf + Azb and Min — Psf 200 resulted in the
greatest soybean yield.

Conclusion: This study revealed that the co-inoculation treatments tested led to great
soybean response, especially for P. fluorescens at a doubled dose and P. fluorescens + A.
brasiliense.
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1. INTRODUCTION

In Brazil, the world's largest soybean producer, a crop that was incipient became, in a
relatively short “period, one of the main products of the national economy with
expressiveness in the export trade balance. Much of the advance of soybean in Brazil is due
to the development of management techniques to increase productivity and the efforts of
genetic improvement programs for the development of cultivars more adapted to new
regions, [1]. As a result, in the 2020/2021 season, there was a 4.3% growth in the planted
area compared to the previous seasons, reaching 38.5 million hectares, with a record
production estimate of 136 million tons, representing an increase of 8.9% compared to the
previous year [2]. In addition, it is estimated that Brazil will face another production record in
the 2022/2023 season, with a 15% increase [3].

Soybean is a legume with great nutritional value, containing approximately 40% of the
protein in the grains. Nevertheless, the crop demand is mainly for nitrogen (N), requiring
approximately 80 kg ha™ of the nutrient for every 1 ton of grain produced [4]. In this scenario,
the use of the biological N fixation agents, using efficient strains associated with the




selection of cultivars that are responsive to plant-microorganism interactions, has resulted in
the dispensation or minimization of the requirement for nitrogen fertilization [5].

Furthermore, with the need to increase agricultural production and the emerging demand to
reduce chemical fertilizers dependence throughout the crop cycle, continuous research has
studied new strategies using the inoculation of plants with growth-promoting
microorganisms. One of the advances is the association of two or more microorganisms that
plays a role in different microbial processes, improving plant growth and its traits are so-
called co-inoculation [6].

The use of microorganisms in agriculture can bring benefits to the farmer as it becomes
possible to obtain a greater development of the crop and, consequently, save inputs, thus
increasing the efficiency in the use of fertilizer [7]. When it comes to inoculants, some groups
of soil bacteria that have already been studied have great potential for use in-agriculture,
such as Pseudomonas, Bacillus, Agrobacterium, Herbaspirillum, Arthrobacter, Azospirillum,
Azotobacter, Gluconacetobacter, Staphylococcus, Burkholderia and Elavobacterium [8].

Species of the Pseudomonas generum stand out for their great versatility and ability to grow
in a wide variety of environments and substrates. Although some species of Pseudomonas
present phytopathogenicity, many members of this group have been related to having
beneficial effects observed in plants [9], which characterizes them as promising plant
growth-promoting rhizobacteria (root colonizing “bacteria). © Plant growth-promoting
rhizobacteria use different mechanisms to suppress plant pathogens and promote plant
growth, such as competition for nutrients through. the production of siderophores (iron
chelators) [10], antibiosis [11], synthesis of plant hormones such as auxins [12], cytokinins
[13], gibberellins [14] and provide nutrients.to plants, such as nitrogen, by biological nitrogen
fixation [10], and as phosphorus, releasing phosphorus adsorbed to soil colloids [15].

In this context, increasing the efficiency in the use of agricultural resources through the
inoculation of plants with growth<promoting.microorganisms can result in the application of
lower doses of pesticides and fertilizers in the agroecosystem and, consequently, reduce the
cost of production. In addition, increasing crop productivity reduces pressure on new areas
and increases the sustainability of current production systems. Nevertheless, the product
containing P. fluorescens may lead to root improvements and vegetative development [16].
Thus, we aim to evaluate the soybean response to co-inoculation with P. fluorescens at two
different doses and P. fluorescens + Azospirillum brasilense.

2. MATERIAL AND METHODS

A field ‘experiment ' was conducted to determine the effects of seed inoculants in soybean
crop in.lbipord, Parana State, Brazil (23°14' 3,54" S, 51°6'38,88" W) during the 2020/21
season. The'climate region is classified as a humid mesothermal (subtropical) climate (Cfa)
[17], with warm and rainy summer with an average temperature of 26°C. The experiments
were conducted in Eutrophic Red Nitosol soil (USDA Red Alfisol) [18] [19]. Previously, the
soil was collected from the upper layer (0-20 cm) and it was analyzed for its chemical and
physical composition [20], resulting in pH (HZO) 5,32; exchangeable Ca, Mg, and K, and
CEC of 3.39, 1. 18 0.67, and 11.26 cmol, dm™ , respectively; C:12.49 g dm™ ; organic matter
(OM): 21.49 ¢ dm™; base saturation (V%): 46. 51 and available P (Mehlich 1) 34 8 mg dm™
The concentranons of micronutrients were 39.66, 76.17, 5.36, and 7.17 mg dm™ of Fe, Mn
Cu, and Zn, respecnvely In addition, the respective contents of clay, silt, and sand were
745, 135, and 120 g kg Finally, the soil microbiological analysis resulted in 7.70 x 10° CFU
of total bacterial g’ !'soil, and the bacteria Pseudomonas fluorescens was not detected.



The experiment was conducted as a randomized complete block design wrth five treatments
and eight replications. Experimental units were 3-m wide by 8-m long (24 m ) and plots were
spaced 1-m from each other to avoid treatments contamination. The treatments consisted of
an untreated control (Cont), one treatment with mineral fertilizer only representing the usual
crop management (Min), and three treatments using mineral fertilizer in association with
inoculants, consisting of inoculation of seeds with a mix of Pseudomonas quorescens (strain
CCTBO03) + Azospirillum brasilense (strain AbV6) applied in furrow at 150 mL ha™ (Min — Psf
+ Azb); |solated inoculation of seeds wrth Pseudomonas fluorescens (strain 1008) at 100 mL
100 kg seeds (Min — Psf 100) |solated inoculation of seeds wrth Pseudomonas
fluorescens (strain 1008) at 200 mL 100 kg seeds (Min — Psf 200) Standard soybean
seed inoculation was performed in all treatments, including treatment Cont, with peat-based
inoculant with Bradyrhizobium japonicum (strains SEMIA 5079). Therefore, the experiment
evaluated the effect of co-inoculation with P. fluorescens + A. brasilense (Min — Psf + Azb)
and P. fluorescens (Min — Psf 100 and Min — Psf 200).

In aII treatments with mineral fertilization, 440 kg ha™* of single superphosphate and 190 kg
ha™ of potassium chloride were applied, equivalent to 80 kg ha™ of P.and 110 kg ha™ of K.
Phosphorus fertilization was carried out in planting furrow at the:day of sowing. Potassium
fertilizations were performed before sowing, 50 days after sowing (DAS), and 70 DAS, where
the doses were divided in the proportion of 35%, 30%, and 30%, respectively. Nitrogen
fertilization was not performed. In addition, a mixture containing the strains of P. fluorescens
and A. brasilense was applied to the furrow before sowing.in Min — Psf + Azb treatment.
Inoculant at P. fluorescens was performed as seed treatments 10 days before sowing, in
which Min — Psf 100 received 100 mL per 100 kg of seeds, whereas Min — Psf 200 received
200 mL per 100 kg of seeds.

The soybean cultivar NS 6700 IPRO was ‘seeded on December 21%, 2020, wrth row spacing
of 0.5-m and with 15 seed m™ , aiming for 300,000 seeds per hectare The weather
conditions during sowing were a temperature of 25.4°C and relative humidity of 60%. The
plant emergence occurred five days after seeding. The experiment was conducted from 21
December 2020 to 20 April©2021. Weather conditions during the conduction of the
experiment are shown in Fig. 1.

3 PPT

40 4 N - r 90 r 50
Relative Humidity (Mean)
——— Temperature (Max, Min) | go
r r 40
10 4 70
;
- wmes™ r 60
§ 4 h P/ 30
\| ol \ r 3
é 1" MUK | i ! \\/‘/\ S0 s .
= il | \ i ¥ b o o
o 20 {1y (G K o o
2 s N il - 40 &
v ~Irth | F 20
- ny L 30
[§ 1 -
i
\
< Lo V20 10
“| | h ’
0 Aty 1 i | f 7 nﬂwJﬂv R o) Lo
s § § & § 3 § &§ § § =
a 8 a IS & a a & « & &
- % - i = Y : S : i) tg
o v = - o - — — )
D o ] =] 6] o = e = = -
SR - X £ g = 4 < B &



Fig. 1. Weather conditions during the cultivation of soy in Ibipord, Parana, Brazil,
2020/21.
Precipitation (PPT, mm), maximum, mean, and minimum Temperatures (T, °C, Max, Mean, Min),
and maximum, mean, and minimum Relative Humidity (RH, %, Max, Mean, Min)

The effect of the treatments in the soybean was assessed by determining the effect (a) on
the seedling emergence speed; (b) on crop development; and (c) on crop yield. The
evaluation of seedling emergence used the emergence speed index (ESI) by daily counting
the number of seedlings that emerged from two planting lines [21]. The counting started from
the day of sowing until the full establishment of emergencies.

In addition, soybean stand from each plot was evaluated once during.vegetative
stages V3 and V4. To evaluate crop development, during V4 and reproductive stage 1 (R1),
visual ratings were recorded to assess plant vigor assigning scores from 1 to 10-in each plot.
The ratings were assigned as 1 to 2 - plants were much worse than the untreated control
(treatment 1); 3 to 4 - plants were a little worse than the untreated cantrol; 5 - plants were
equal to untreated control; 6 to 7 — plants were a little greater than the untreated control; 8 to
9 - plants were better than the untreated control; 10 — plants .were much:better than the
untreated control. Therefore, the untreated control received a score, of 5. Moreover, ten
plants were harvested in each plot during the R1 stage to assess the effect of treatments on
aboveground fresh biomass (AFB) and belowground fresh:biomass (BFB). Each plant was
weighed using a precision scale. In addition, soybean nodulation was evaluated from five
plants per plot also at the R1 stage. Nodulation evaluation was assessed by carefully
removing all nodules from the roots and weighing:them.

Crop yield was assessed by hand harvesting 15 m?® from each plot at crop physiological
maturity, determining grain yield and the weight of 1000 grains on a 13% moisture base [22].
Furthermore, ten plants from each plot were randomly selected to assess the number of
pods plant® and grains pod™.

Finally, normality and homogeneity of variance were tested using the Shapiro-Wilks and
Levene tests, respectively. Data were subject to ANOVA at p < 0.05. Treatments means
were separated using the Duncan test at a 0.10 level of significance [23]. Statistical analyses
were performed using the software R [24].

3. RESULTS AND DISCUSSION

Co-inoculation treatments with P. fluorescens, with or without A. brasilense did not affect ESI
and Crop Stand..However, a significant effect on plant vigor was observed (Fig. 2). The co-
inoculation treatments with P. fluorescens at two different doses (Min — Psf 100 and Min —
Psf 200) resulted'in the best vigor, with an increment of 15% and 18% in comparison to the
untreated control, respectively. In addition, compared to the Min treatment, there was an
increase in plant vigor of 7% and 14% for Min — Psf 100 and Min — Psf 200, respectively.



—= Crop Stand

@ ESI
300000 a a r 100 10
a a a i
- T == e =3 Plant vigor
2 N
_ 250000 | 80 g
ty 5
= a a a a o
3 200000 4 a Z a
2 @ (0] [ 2 = a
= & = - 60 3 5 64 b b = T
= 2 B b - T =
= 150000 B = T
2 0 =,
2 L § = 4
Z 100000 - 5
o =i
= 20 - b)
~ 50000 £
0 T T T T T 0 0 - - - - -
R W » I\ I\ Y 4 » N \
co W e W ' & 'Q‘;‘ﬂy o™ NN Yi‘,‘ wt ?‘_}\Q ?dﬁ'\,ﬁ\
- 5 ‘J\\\\ NS ‘!&‘, ’ W e

Fig. 2. Emergence speed index (ESI), crop stand, and plant vigor of soybean fertilized
with and without co-inoculation with P. fluorescens and A."brasilense; in addition to

the control without fertilization and co-inoculation at Ibipora, Parana, Brazil, 2020/21.
*P=0.10

The co-inoculation treatment with P. fluorescens using a dose.of 200 mL 100 kg seeds™ and
with A. brasilense in soybean plants induced the greatest root production, resulting in 24%
and 19%, respectively, presenting more BFB than the Min treatment (Fig. 3). Furthermore,
there was no difference between Min and Min"= Psf + Azb, and the Cont treatment showed
the least BFB. Greater and more developed roots are essential to maintain higher yield,
especially if considering their role in nutrient acquisition, and improving abiotic stresses
adaptation [25], therefore, emphasizing the importance of a treatment that improves the root
system. For aboveground biomass evaluation (ABF), the Min — Psf + Azb treatment showed
the greatest result, leading to 30% more biomass than the Min treatment. Min — Psf 100 and
Min — Psf 200 resulted in the second-best treatments, increasing AFB by approximately 17%
in comparison to the Min treatment. Nevertheless, there was no difference between Cont
and Min treatments.

Soybean plants co-inoculated.with P. fluorescens at 100 mL 100 kg'l seeds increased the
number of nodules plant'1 compared to the Cont treatment (Fig. 3). The other treatments
showed results similar to the Cont. Egamberdieva [24], testing the use of both
Bradyrhizobium:-japonicum (USDA 110) and Pseudomonas putida (TSAU 1) on soybean,
reported a significantly improvement in plant growth, nitrogen, and phosphorus content.
Moreover, the treatments resulted in greater root volume and nodulation traits. Nevertheless,
it has been reported a higher efficiency in using the combination of B. japonicum and P.
putidain comparison to B. japonicum alone [26].
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Fig. 3. Aboveground fresh biomass (AFB), belowground fresh biomass (BFB), and
nodule number (NN) of soybean fertilized with and without“co-inoculation with P.
fluorescens and A. brasilense, in addition to the control without fertilization and co-
inoculation at Ibipord, Parana, Brazil, 2020/21.

*P=0.10

For agronomic parameters, except for the weight.of 1000 grains, the treatments resulted in
significant effects on crop yield, number of pods plant*, and number of seeds pod™ (Fig. 4
and Table 1). Considering crop yield, Min — Psf + Azh.and Min — Psf 200 resulted in the
greatest soybean yield, with about 4218 kg ha™and 4058 kg ha™, respectively (Fig. 4).
Moreover, there was a yield increase of 12%/in Min — Psf + Azb and 7% in Min — Psf 200,
compared to Cont. On the other hand, treatments Min — Psf 100 and Min were statistically
similar and was followed by Cont. Considering the number of pod plant™, inoculation with the
P. fluorescens and A. brasilense mixture was the only treatment that showed a difference
with the Cont treatment, increasing.the number of pods (Table 1). Finally, the Min — Psf 200
treatment led to the greatest number of seeds pod™, with 8% more seeds than the Min
treatment. Min — Psf + Azb presented a mean similar to Min — Psf 200, although it also did
not differ from Min —Psf 100. All:treatments with co-inoculation showed a higher number of
seeds pod™ results than the'Min treatment.
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Fig. 4. Crop Yield (kg ha'l) of soybean fertilized with;and without co-inoculation with P.
fluorescens and A. brasilense, in addition to the control without fertilization and co-
inoculation at Ibipord, Parana, Brazil,,2020/21.

*P =0.10

Tablel. Weight of 1000 grains, number of pod plant'l, and number of seeds pod'l
of soybean fertilized with and without co-inoculation with P. fluorescens and A.
brasilense, in addition to_the control without fertilization and co-inoculation at Ibipor4,
Parana, Brazil, 2020/21

Treatments Weight of 1000 Number of pod Number of seeds
grains (g) plant™ pod™

Cont 141.49 a 52.96 b 2.18 cd

Min 142.58 a 58.09 ab 2.13d

Min — Psf +'/Azb 143.87 a 61.45a 2.26 ab

Min — Psf:1.00 143.67 a 58.36 ab 2.23 bc

Min —Psf 200 143.66 a 59.00 ab 231a

Coefficient of variance, %  2.10 12.80 3.20

Means. within a column followed by the same letter are not significantly different according to Duncan’s
test at the 10% level of significance.

The increase in crop yield on Min — Psf + Azb and Min — Psf 200 treatments should be
closely related to the increase in pod plant'l and seeds pod'l, leading to an increase in crop
production. That is, although there was no effect on the grain weight, the inoculants may
have induced greater production of pods and the number of seeds pod'l [6]. Inoculants
applied before sowing are the great responsible for most of the nodule formation in legumes,
such as soybean [27]. In addition, initial nodule formation is critical, and achieving numerous
functional nodules at the beginning is desired [28]. In this sense, co-inoculation with rhizobia



and root colonizing beneficial bacterial promotes greater plant growth and nodulation [29], as
well as allowing the disease management [30].

Plant growth-promoting rhizobacteria, such as P. fluorescens, have shown the ability to
increase plant growth by Nj-fixation and promote plant growth through different mechanisms
[10]. In addition to N fixation, these bacteria increase nutrient availability in the soil, such as
P and Fe solubilization, and promote root and shoot growth through the influence of
phytohormones, such as indole-3-acetic acid (IAA), and volatile organic compounds [31]
[32]. The association of Azospirillum brasilense and Bradyrhizobium spp can favor root
development and nodulation, leading to greater grain yield and soybean quality.
Furthermore, co-inoculation of soybean with these two traits has been shown to increase
root mass and nodule number by 11% and 10.6%, respectively, resulting in a 3.6% yield
increment [6].

4. CONCLUSION

This study carried out in field conditions revealed that the co-inoculation of soybean with P.
fluorescens (strain 1008) at both doses and with P. fluorescens (strain CCTBO03) + A.
brasilense (strain AbV6) presented the greatest results. In addition, the study highlights the
treatment with P. fluorescens (strain 1008) with 200 mL 100 kg seeds™ showing the greatest
plant vigor, belowground biomass, and crop yield. Therefore; the use of co-inoculation
resulted in great crop improvements, increasing plant nodulation and better agronomic
parameters. Co-inoculation of soybean cultivation is a:sustainable agronomic strategy that
improves its development.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that they have no known competing financial interests OR non-
financial interests OR personal relationships that could have appeared to influence the
work reported in this paper.

REFERENCES

1. Figueiredo PN. New challenges for public research organizations in agricultural innovation
in developing economies: Evidence from Embrapa in Brazil's soybean industry. The
Quarterly Review of Economics and Finance. 2016;62:21-32.
https://doi.org/10.1016/j.qref.2016.07.011.

2. Companhia. Nacional de Abastecimento. Acompanhamento da safra brasileira de gréos -
SAFRA. 2020/2021 - Décimo segundo levantamento, setembro de 2021. Brasilia: Conab,
2021. Accessed 29 December 2021. Available: https://www.conab.gov.br/info-
agro/safras/graos.

3. Companhia Nacional de Abastecimento. Produ¢éo nacional de grdos é estimada em
312,2 milhdes de toneladas na safra 2022/23. Brasilia: Conab, 2022. Accessed 01
December 2022. Available: https://rb.gy/gp7f6d.

4. Hungria M, Campo RJ, Mendes IC. Fixa¢do bioldgica do nitrogénio na cultura da soja.
Londrina, Embrapa Soja, 2001.

5. Guimarédes VF, Klein J, Klein DK. Growth promotion and phosphate solubilization in
soybean crop: seed coinoculation with Bradyrhizobium japonicum and Pseudomonas
fluorescens. Research, Society and Development. 2021;10(11):01-27.
https://doi.org/10.33448/rsd-v10i11.20078.



6. Barbosa J Z, Hungria M, Sena JV, Poggere G, Reis AR, Corréa RS. Meta-analysis
reveals benefits of co-inoculation of soybean with Azospirillum brasilense and
Bradyrhizobium spp. in Brazil. Applied Sall Ecology, 2021;163:103913.
https://doi.org/10.1016/j.apsoil.2021.103913.

7. Coelho LF, Freitas SDS, Melo AMTD, Ambrosano GMB. Interaction of fluorescent
pseudomonads and bacillus spp. with distinct plant rhizospheres. Revista Brasileira de
Ciéncia do Solo. 2007;31:1413-1420. https://doi.org/10.1590/S0100-06832007000600018.

8. Hungria M. Inoculacdo com Azospirillum brasilense: inovacdo em rendimento a baixo
custo. Londrina: Embrapa Soja, 2011.

9. Ji P, Campbell HL, Kloepper JW, Jones JB, Suslow TV, Wilson, M. Integrated biological
control of bacterial speck and spot of tomato under field conditions using foliar biological
control agents and plant growth-promoting rhizobacteria. Biological control. 2006;36(3):358-
367. https://doi.org/10.1016/j.biocontrol.2005.09.003.

10. Dobbelaere S, Vanderleyden J, Okon Y. Plant growth-promoting effects of diazotrophs in
the rhizosphere. Critical reviews in plant sciences. 2003;22(2):107-149.
https://doi.org/10.1080/713610853.

11. Jetiyanon K, Kloepper JW. Mixtures of plant growth-promoting rhizobacteria for induction
of systemic resistance against multiple plant diseases. Biological. control. 2002;24(3):285-
291. https://doi.org/10.1016/S1049-9644(02)00022-1.

12. Picard C, Bosco M. Maize heterosis affects the structure and dynamics of indigenous
rhizospheric auxins-producing Pseudomonas populations, FEMS: Microbiology Ecology.
2005;53(3):349-357. https://doi.org/10.1016/j.femsec.2005.01.007.

13. Aslantas R, Cakmakgi, R, Sahin, F. Effect of plant growth promoting rhizobacteria on
young apple tree growth and fruit yield under-orchard conditions. Scientia Horticulturae.
2007;111(4):371-377. https://doi.org/10.1016/j.scienta.2006.12.016.

14. Probanza A, Garcia JL, Palomino MR,/Ramos B, Mafiero FG. Pinus pinea L. seedling
growth and bacterial rhizosphere structure: after  inoculation with PGPR Bacillus (B.
licheniformis CECT 5106 and B. pumilus CECT 5105). Applied Soil Ecology. 2002;20(2):75-
84. https://doi.org/10.1016/S0929-1393(02)00007-0.

15. Rawat P, Das S, Shankhdhar D, Shankhdhar SC. Phosphate-solubilizing
microorganisms: mechanism and. their role‘in phosphate solubilization and uptake. Journal of
Soil Science and Plant Nutrition. 2021;21(1):49-68. https://doi.org/10.1007/s42729-020-
00342-7.

16. Oliveira MAD, Zucareli-C, Spolaor LT, Domingues AR, Ferreira AS. Chemical
composition of corn grains in response to mineral fertilization and inoculation with
rhizobacteria. Revista Ceres. 2012;59(1):709-715. https://doi.org/10.1590/S0034-
737X2012000500018.

17. Alvares CA, Stape JL, Sentelhas PJ, Gongalves JLM, Sparovek G. Koppen’s climate
classification. map for Brazil. (2013). Meteorologische Zeitschrift. 2013;22(6):711-728.
https://doi.org/10.1127/0941-2948/2013/0507.

18. Soil Survey Staff. Keys to Soil Taxonomy. 12th ed., Washington: US Department of
Agriculture, Natural Resources Conservation Service, 2014.

19. Santos HG, Jacomine PKT, Anjos LHC, Oliveira VA, Lumbreras JF, Coelho MR, et al.
Sistema:Brasileiro de Classificacdo de Solos, 5th ed., Brasilia: Embrapa, 2018.

20. Ribeiro AC, Guimaraes PTG, Alvarez VVH. Recomendacfes para o uso de corretivos e
fertilizantes em Minas Gerais, 52 Aproximacédo. Vicosa: Comissao de Fertilidade do Solo do
Estado de Minas Gerais, 1999.

21. Maguire JD. Speed of germination-aid in selection and evaluation for seedling
emergence and vigor. Crop Sci. 1962;2:176-177.

22. Vencovsky R, Cruz CD. Comparison of methods for adjustment of plot yields with
unequal stand. I. Simulation data. Pesqg. Agropec. Bras. 1991;26(5):647-657.



23. Canteri MG, Althaus RA, Virgens Filho JS, Giglioti EA, Godoy CV. SASM-AGRI- System
for analysis and mean separation in agricultural assays using Scott Knott, Tukey and
Duncan methods. Revista Brasileira de Agrocomputacdo. 2001;1(2):18-24.

24. R Core Team. R: A language an environment for statistical computing. Vienna, Austria:
R Foundation for Statistical Computing, 2017.

25. Egamberdieva D, Wirth S, Jabborova D, Rasdnen LA, Liao, H. Coordination between
Bradyrhizobium and Pseudomonas alleviates salt stress in soybean through altering root
system architecture. Journal of Plant Interactions. 2017;12(1):100-107.
https://doi.org/10.1080/17429145.2017.1294212.

26. Jabborova DP, Enakiev YI, Davranov KD, Begmatov SA. Effect of co-inoculation with
Bradyrhizobium japonicum and Pseudomonas putida on root morph-architecture traits,
nodulation and growth of soybean in response to phosphorus supply under hydroponic
conditions. Bulgarian Journal of Agricultural Science. 2018;24(6):1004-1011.

27. Calvert HE, Pence MK, Pierce M, Malik NS, Bauer WD. Anatomical analysis of the
development and distribution of Rhizobium infections in soybean roots. Canadian Journal of
Botany. 1984;62(11):2375-2384. https://doi.org/10.1139/b84-324.

28. Moretti LG, Lazarini E, Bossolani JW, Parente TL, Caioni S, Araujo RS, Hungria M. Can
additional inoculations increase soybean nodulation and grain=yield? Agronomy Journal.
2018;110(2):715-721. https://doi.org/10.2134/agronj2017.09.0540.

29. Egamberdieva D, Wirth S, Li L, Abd-Allah EF, Lindstrom K. Microbial cooperation in the
rhizosphere improves liquorice growth under salt stress:Bioengineered. 2016;8(4):433-438.
https://doi.org/10.1080/21655979.2016.1250983.

30. Ledén M, Yaryura PM, Montecchia MS, Hernandez Al, Correa OS, Pucheu NL, Garcia
AF. Antifungal activity of selected indigenous Pseudomonas. and Bacillus from the soybean
rhizosphere. Int. J. Microbiol .2009;572049. https://doi.org/10.1155/2009/572049.

31. Velloso CCV, Oliveira CA, Gomes EA, Lana UGDP, Carvalho CG, Guimardes LJ.M,
Pastina MM, Sousa SM. (2020). Genome-guided insights of tropical Bacillus strains efficient
in  maize growth promotion. .FEMS . Microbiology Ecology. 2020;96(9),1:16.
https://doi.org/10.1093/femsec/fiaal57,

32. Mowafy AM, Fawzy MM, Gebreil A, Elsayed A. Endophytic Bacillus, Enterobacter, and
Klebsiella enhance the growthand yield of maize. Acta Agriculturae Scandinavica, Section
B—Saoill & Plant Science. 2021;71(4):237-246.
https://doi.org/10.1080/09064710.2021.1880621.



