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Abstract 
 
In the soybean crop, the practice of inoculation is crucial for producing high yields. This is because biological nitrogen fixation (BNF) 
is the main supplier of the nutrient demand for this crop. However, a few environmental variables can also greatly influence the 
survival of the bacteria that control this process. In this context, the present work was performed to confirm the many ways in 
which soil moisture affects this process. In the field, we conducted two experiments at the times of the two sowing dates, 
11/24/2015 and 12/17/2015, adopting the factorial 7 x 2 design, with four replications. The inoculation treatments included, 
non-inoculated (NI); not inoculated along with the nitrogen supplied at the 200 kg ha

-1
 (NI+N) dosage; inoculation with 

Bradyrhizobium [I (Brady)]; root enhancers (R); inoculation with Bradyrhizobium + root enhancers (I+R); co-inoculation with 
Bradyrhizobium + Azospirillum brasilense (I+Azo); co-inoculation with Bradyrhizobium + Azospirillum brasilense + root enhancers 
(I+Azo+R). The second factor included was the use or absence of a water jet (200 L ha

-1
) directed onto the seeds in the sowing 

furrow. Then estimations of the initial establishment of the plants, nodulation, and productivity components were measured. Water 
supplied to the sowing furrow had no effect on soybean nodulation and yield components. Co-inoculation promoted nodulation in 
soybean plants, particularly in dry mass of the nodules and number of nodules per plant. 
 
Keywords: Bradyrhizobium spp.; Azospirillum brasilense; phytohormones; nutrients; nitrogen. 
Abbreviations: A. brasilense_Azospirillum brasilense; N_nitrogênio; N2_atmospheric nitrogen; BNF_biological nitrogen fixation; 
NFB_nitrogen fixing bacteria; PGPB_plant growth promoting bacteria; NNP_Number of nodules per plant; MNP_mass of nodules 
per plant; DMP_dry mass of aerial plant parts in R2; FP_final population of the plants; IFP_insertion of the first pod; PH_plant height; 
NPP_number of pods per plant; NGP_number of grains per pod; MTG_thousand grain mass; GY_grain yield. 
 
Introduction 
 
The soybean grain [Glycine max (L.) Merrill] is the primary 
product of Brazil because of its significance as food, for both 
human beings and animals (Conab, 2017), as well as for its 
rich content of oil and protein (40%) (Paiola et al., 2008). 
Brazil ranks second in the world in soybean production, 
essentially because of the conducive environmental milieu 
present and the technologies applied. This ensures that 
soybean is economically crucial in the economy of the 
country (Hungria et al., 2005). Its constituents comprise 
about 90% of nitrogen (N) in its organic form, like amino 
acids, proteins, amines, purines, coenzymes, besides others 
(Sfredo and Borkert, 2004). 
In order to produce one ton of soybean, around 78 kg of N is 
needed (Prado, 2008). The chief sources of available N 
include decomposed organic matter, nitrogen fertilizers, and 
biological nitrogen fixation (BNF) (Domingos et al., 2015). 
The BNF process in soybean occurs through the symbiosis 
between the bacteria of the genus Bradyrhizobium spp., and 
the soybean plants (Campos et al., 2001). In this sense, 
utilizing the microorganisms that can fix the atmospheric 
nitrogen in the soil is a highly significant technology, which 

can ensure that the Brazilian soybeans are even more 
valuable and competitive in the global market. 
It is common knowledge, for over several decades, that 
symbiosis exists between the soybean plants and 
Bradyrhizobium bacteria; however, the inoculation process 
and environmental conditions are not always sufficiently 
conducive which prevents the BNF process from maximum 
potential expression (Sediyama, 2009). The chief 
characteristic of the Bradyrhizobium is to form nodules in the 
plant roots wherever the soy plants are housed and perform 
the BNF reactions. Nitrogenase is the enzyme which 
executes this process, in which the atmospheric N2 is fixed as 
ammonia (NH3). The ammonia is rapidly converted into 
ammonium (NH4

+
), amides and ureides. These are then 

transported to the aerial plant parts where they will enter 
the N metabolism process (Ormeño-Orrillo et al., 2013). In 
this sense, inoculation using nitrogen fixing bacteria (NFB) is 
the lowest cost-effective option for soybean cultivation, as 
against merely applying nitrogen fertilizers (Hungria et al., 
2013). Thus, new studies are continuously being elaborated 
to raise the environmental conditions required for the 
bacteria, as well as to identify the species and bacterial 
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associations that may generate the synergistic effects on the 
BNF (Barbáro et al., 2009; Hungria et al., 2015). 
Against this setting, co-inoculation appears to be an 
approach in the soybean cultivation with the bacteria of the 
genus Bradyrhizobium in association with the bacteria of the 
species Azospirillum brasilense. Azospirillum brasilense is 
part of the plant growth promoting group of bacteria (PGPB). 
They earned this named for their capacity to colonize the 
plant roots and stimulate root growth (Kloepper et al., 1989). 
Azospirillum brasilense inoculated plants exhibited a higher 
root mass, by encouraging nutrient absorption and ascribing 
this response to the generation of the growth hormones, 
particularly the auxins, gibberellins and cytokinins (T ien et 
al., 1979). This technique of co-inoculation has produced 
good results in the soybean and bean cultivation, inducing 
increased shoot and root growth, and boosting the grain 
harvest (Benintende et al., 2010). 
The BNF efficiency is environment dependent and based on 
the region in which the bacteria are introduced, interrupting 
their multiplication and mobility. The other factors which 
also interfere include soil acidity, water stress and increased 
temperatures (Hungria et al., 2000). While the BNF is 
influenced by these factors, among others, high soil 
temperatures and low humidity are the prime reasons for 
the low nodulation and thus the decreased quantity of the 
Nitrogen fixed (Hungria et al., 2000, 2015). As soybean seed 
germination is affected by water availability (Marcos Filho, 
1986), this will in turn interfere with the root emission and 
the signal exchange process between the plants and 
bacteria. 
One of the popular technologies generally employed in 
soybean cultivation is the use of fungicides and insecticides 
to treat the seeds. Also, in several instances, plant growth 
regulators are introduced, which induce growth and 
developmental changes in the plants (Henning, 2005). Other 
reports cite the addition of products termed biostimulants 
and bioregulators, which are able to change the physiological 
processes in the plants (Castro and Vieira, 2001). One more 
popular technology employed is to supplement the seeds 
with nutrients. Today, the availability of several formulated 
products containing macronutrients and micronutrients 
enables mineral supplementation to be given through the 
seeds. By adding these elements to the seeds, the contact 
between the seedlings and nutrients is facilitated, and the 
initial development is speeded up, in addition to establishing 
the root system (Sfredo, 2010). Cobalt and molybdenum are 
the main among the several nutrients utilized most in the 
soybean cultivation, because of the part they play in the BNF 
process (Taiz and Zieger, 2013). 
The objective of this work was to verify the manner in which 
soil moisture conditioning affects the inoculation, 
co-inoculation in a rooting plant. 
 
 
Results and discussions 
 
From the extract of the water balance data it was obvious 
that there was no water restriction in the initial stage of the 
culture establishment (Fig 1). However, in January, 
precipitation decreased, although yields of 4000 kg ha

-1
 on 

average were achieved. 

According to the soil temperature records noted down at 9 
and 15 o'clock every day, no temperature value exceeded 35 
ºC up to 5 cm depth (Fig 2). For this evaluation period it was 
likely that the temperature exerted no effect on the survival 
of the Bradyrhizobium bacteria in the soil. Hungria et al. 
(1997) purported that 27 to 40 ºC was the ideal temperature 
for BNF in the legumes if the temperature crossed 37º C it 
could not only impact the survival of the rhizobia, it could 
also induce genetic alterations, and thus produce less 
efficient individuals in the BNF process. 
Soybean yield corresponds to the productivity components, 
the number of plants per area, number of vegetables per 
plant, number of grains per legume and mass of the grains, 
apart from the environment, which directly impact these 
components. In both the experiments, the treatments did 
not inhibit either the germination or crop establishment. The 
final plant population too was unaffected by the treatments 
(Table 1). Soybean reveals plasticity with regard to the 
number of plants, adjusting the number of branches, 
number of pods and grains per plant, depending upon the 
growth type, as well as the genetic and environmental 
factors (Aguila et al., 2011). While for experiment 1, the 
number of pods and grain mass were significant, for 
experiment 2 the grain mass alone showed a significant 
difference. According to Brandalero et al., (2009) the 
productivity changes could also be related to the changes in 
the nodulation components, like nodule number and mass. 
Perini et al. (2012) in their correlation analysis of the 
components of yield with grain yield, noted that for cultivars 
having a specific cycle the components with the greatest 
correlation with productivity were the number of pods per 
plant and grain mass. 
In the context of NNP, experiments 1 and 2 showed the 
mean nodulation to be 125 and 68 nodules, respectively per 
plant (Table 2). While the seed inoculation was efficient, the 
treatments with co-inoculation were superior. Experiment 1 
registered an increase of 73 and 34% in the NNP compared 
to the uninoculated control and inoculation with 
Bradyrhizobium, respectively. For MNP, the treatments 
having the co-inoculation showed superiority to the other 
treatments. Nodulation in the plants was highly significant 
for the BNF, as it indicates the presence of the bacteria 
controlling this process. Hungria et al. (2007) stated that for 
the soybean crop, the presence of 15 to 30 nodules per 
plant in the field during the flowering stage was indicative of 
good nodulation, or in the instance of MNP, between 100 
and 200 mg of dry nodules per plant. In the co-inoculation 
treatments, the highest NNP (Table 2) is most likely related 
to the heightened generation of the growth hormones like 
auxins, cytokinins and gibberellins, as well as phosphate 
solubilization and production of siderophores (Hungria et al., 
2013). The root system in these plants revealed 
morphological changes with an increase in root number and 
density, besides the earlier emission (Tien et al., 1979). The 
presence of more numbers of roots and root hairs leads to 
more of the soil volume getting occupied which, due to the 
low bacterial mobility, enhances the contact between the 
bacteria and roots, and thus encourages nodule formation 
with more efficient bacteria. 
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Table 1. Initial population of plants in V2 (x 1000) (IP, plants ha
-1

), and final population of plants in R8 (x 1000) (FP, plants ha
-1

), 
based on the inoculations in soybean. Crop season of 2015/2016, in Santa Maria, RS. 

 Experiment 1 Experiment 2 

TRAT
*
 IP FP IP FP 

NI 280.0
ns

 265.4
ns

 310.1
ns

 309.8
ns

 
NI+N 266.6

 
236.5

 
304.0 296.2 

I (Brady) 251.2 249.0 321.6 324.0 
R 264.1 243.8 317.5 315.2 
I+R 255.0 227.3 308.3 308.0 
I+AZO 265.7 245.8 319.7 304.6 
I+AZO+R 249.9 220.3 330.8 315.7 

CV % 8.8 10.6 5.3 6.0 
Average 261.8 241.2 316.0 310.0 
*Treatments: NI - not inoculated; NI+N - not inoculated with 200 kg N ha-1; I(Brady) - Bradyrhizobium inoculation; R - root enhancers; I+R - Bradyrhizobium + root 
enhancers; I+AZO - co-inoculation with Bradyrhizobium + Azospirillum brasilense; I+AZO+R - co-inoculation of Bradyrhizobium + Azospirillum brasilense + root enhancers. 
ns not significant by the F test. 

 

 
Fig 1. Water balance from January 2015 to May 2016, with the sowing dates for the two experiments, Santa Maria, RS, 2016. 
 
 
 
Table 2. Number of nodules per plant in R2 (NNP, nº plant

-1
), dry mass of nodules in R2 (MNP, mg plant

-1
), dry mass of aerial plant 

parts in R2 (DMP, g plant
-1

), in response to different inoculations in soybean. Crop season of 2015/2016, in Santa Maria, RS. 

 Experiment 1 Experiment 2 

TRAT
* 

NNP MNP DMP NNP MNP DMP 

NI 99.9 c
**

 486.3 b 15.7
ns

 70.1 b 207.9 a 14.3
ns

 
NI+N 84.5 c 171.9 c 17.5 28.1 c 40.5 b 15.1 
I (Brady) 128.3 b 496.0 b 14.4 91.5 a 229.9 a 13.4 
R 122.7 b 513.5 b 17.5 80.4 a 223.8 a 15.2 
I+R 113.2 b 510.1 b 15.2 74.9 b 200.9 a 14.7 
I+AZO 172.4 a 574.3 a 16.0 64.3 b 191.6 a 14.8 
I+AZO+R 159.8 a 551.1 a 14.4 71.9 b 195.7 a 15.1 

CV % 12.8 11.3 21.9 18.0 24.4 14.7 
Average 125.8 471.9 15.8 68.7 184.3 14.7 
*Treatments: NI - not inoculated; NI+N - not inoculated with 200 kg N ha-1; I(Brady) - Bradyrhizobium inoculation; R - root enhancers; I+R - Bradyrhizobium + root 
enhancers; I+AZO - co-inoculation with Bradyrhizobium + Azospirillum brasilense; I+AZO+R - co-inoculation of Bradyrhizobium + Azospirillum brasilense + root enhancers. 
** averages followed by the same letter in the column do not differ from each other by the Skott-Knott test (α≤0.05). ns not significant by the F test. 
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Fig 2. Soil temperature post sowing (1, 5 and 10 cm depth). Experiment 1 (A and B), experiment 2 (C and D). Crop season of 
2015/2016, in Santa Maria, RS. 
 
 
 
Table 3. Insertion of the first pod (IFP, cm) and plant heights (PH, cm), based on the different inoculations in soybean. Crop season 
of 2015/2016, in Santa Maria, RS. 

 Experiment 1 Experiment 2 

TRAT
*
 IFP PH IFP PH 

NI 24,9 b
**

 90.1 b 21.2
ns

 94.5
ns

 
NI+N 32.0 a 101.8 a 22.7 94.7 
I (Brady) 23.1 b 89.2 b 21.2 96.4 
R 22.4 b 84.7 b 19.5 93.8 
I+R 24.8 b 90.7 b 22.6 96.5 
I+AZO 25.4 b 91.8 b 20.0 92.7 
I+AZO+R 24.4 b 89.8 b 20.2 96.3 

CV % 13.8 6.2 13.0 5.1 
Average 25.3 91.1 21.1 95.0 
*Treatments: NI - not inoculated; NI+N - not inoculated with 200 kg N ha

-1
; I(Brady) - Bradyrhizobium inoculation; R - root enhancers; I+R - Bradyrhizobium + root 

enhancers; I+AZO - co-inoculation with Bradyrhizobium + Azospirillum brasilense; I+AZO+R - co-inoculation of Bradyrhizobium + Azospirillum brasilense + root enhancers. 
** averages followed by the same letter in the column do not differ from each other by the Skott-Knott test (α≤0.05). 

ns 
not significant by the F test. 
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Table 4. Number of pods per plant (NNP, nº plant
-1

), number of grains per pod (NGP, nº pod-
1
), thousand grain mass (MTG, g) and 

grain yield (GY, kg ha
-1

), for the different inoculations, with and without the addition of water in the sowing groove. Crop season of 
2015/2016, Santa Maria, RS. 
Experiment 1 

TRAT* NPP NGP MTG 
GY 

WITH WITHOUT 

NI 73.4 b** 2.2ns 138.7 b 4504 bA 4313 aA 
NI+N 72.5 b 2.2 137.8 b 4252 bA 4121 aA 
I (Brady) 73.9 b 2.2 141.9 a 5024 aA 3930 bB 
R 103.9 a 2.2 142.4 a 4884 aA 4199 aB 
I+R 80.7 b 2.2 135.3 c 4417 bA 4242 aA 
I+AZO 79.6 b 2.2 134.4 c 4342 bA 3942 bB 
I+AZO+R 77.2 b 2.2 134.8 c 4270 bA 4132 aA 

CV % 23.0 3.9 2.0 3.3 
Average 80.2 2.2 137.9 4326 

Experiment 2 

NI 61.6ns 2.4ns 130.4 a 3809 c 
NI+N 63.4 2.4 122.4 c 3679 d 
I (Brady) 59.4 2.4 131.8 a 3966 b 
R 58.2 2.4 133.5 a 4141 a 
I+R 58.5 2.4 126.8 b 3805 c 
I+AZO 55.1 2.4 124.8 b 3749 c 
I+AZO+R 60.5 2.4 126.7 b 3667 d 

CV % 18.5 3.0 2.3 2.4 
Average 59.6 2.4 128.0 3831 
*Treatments: NI - not inoculated; NI+N - not inoculated with 200 kg N ha-1; I(Brady) - Bradyrhizobium inoculation; R - root enhancers; I+R - Bradyrhizobium + root enhancers; I+AZO - co-inoculation 
with Bradyrhizobium + Azospirillum brasilense; I+AZO+R - co-inoculation of Bradyrhizobium + Azospirillum brasilense + root enhancers. ** averages followed by the same lowercase letter in the 
column and upper case in row do not differ by Skott-Knott test (α≤0.05). ns not significant by the F test. 

 
 
Table 5. The effect of water in the sowing furrow on the initial plant population in V2 (x 1000) (IP, plants ha

-1
), number of nodules in 

R2 (NNP, nº plant
-1

), nodule dry mass in R2 (MNP, plant
-1

), dry mass of aerial plant parts in R2 (DMP, g plant
-1

), final population of 
the plants (x 1000) (FP, plants ha

-1
), insertion of the first pod (IFP, cm), plant height (PH, cm), number of pods per plant (NNP, nº 

plant
-1

), number of grains per pod (NGP, nº pod
-1

), thousand grain mass, (MTG, g) and grain yield (GY, kg ha
-1

). Experiments were 
performed in Santa Maria, RS, Crop season of 2015/2016. 

Experiment 1 

TRAT*
 

IP NNP MNP DMP FP IFP PH NPP NGP MTG GY 

WITH 252.2
 ns

 124.4
ns

 472.1
 ns

 16.2
 ns

 241.8
ns

 25.5
ns

 90.4
ns

 77.8
ns

 2.2
 ns

 137.8
ns

 4527
**

 
WITHOUT 271.4 127.2 471.0 15.4 240.5 25.1 91.9 82.5 2.2 138.1 4126 

Experiment 2 

WITH 316.8
ns

 67.1
ns

 171.2
ns

 15.1
ns

 309.6
ns

 21.1
ns

 95.0
ns

 59.3
ns

 2.4
ns

 127.7
ns

 3867
**

 
WITHOUT 315.2 70.4 197.4 14.2 311.4 21.0 94.9 59.9 2.4 128.4 3794 

* Treatments: WITH: with water in the sowing furrow at the time of sowing; WITHOUT: without any water in the sowing groove. ** treatments differ from each other by the non-significant. 
ns

 not 

significant. 
 
 
For DMP, no significant difference was recorded for the two 
experiments (Table 2); this was probably because that the 
amount of bacteria present in the soil was enough to supply 
adequate N for the crop during the entire cycle. However, in 
the present study, neither the quantification assessments of 
the bacteria present in the soil nor occupation of the 
bacteria in the nodules was done. Benintende et al. (2010) 
confirmed a higher accumulation of the DMP biomass in the 
soybean crop with co-inoculation when compared to the 
inoculation with Bradyrhizobium alone. However, the highest 
accumulation of DMP and N for the co-inoculation 
treatments were verified from the R2 stage, but in the 
present experiment, this evaluation was performed only in 
the R2 stage. 
Fertilization performed with the addition of mineral N (200 
kg ha

-1
) was found to partially inhibit the nodule formation in 

the two experiments (Table 2). It may be that the nodule 
formation process is either reversible or not, based on the N 

availability (Hungria et al., 2007). Also, this treatment 
registered the lowest grain yield at both sowing times, not 
justifying its use (Table 4). 
With respect to the IFP and PH, experiment 1 alone revealed 
a significant effect (Table 3). Therefore, the treatment 
showing the highest average was the one which received the 
fertilization with mineral N. This was because of the 
availability of the N when it was added in the mineral form 
during the early developmental stages of the crop; the 
BNF-dependent treatments need the energy expenditure of 
the plant, which becomes non-essential when the nutrient is 
provided in readily available forms (Hungria et al., 2007). 
However, N doses exceeding 20 kg ha

-1
 were actually found 

to obstruct nodule formation in the plants (Embrapa, 2007). 
For NPP, experiment 1 alone registered a significant effect, 
and the treatment with the highest averages was the one 
which utilized the rooting product (Table 4). Thomas and 
Costa (2010) stated that the number of vegetables per plant 
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is the productivity component having the highest adjustment 
potential. Therefore, when grain yields are to be boosted, 
managements that enhance the formation and maintenance 
of the vegetables on a plant must be implemented. The root 
enhancerss used in this experiment include nutrients in the 
formulation; and this may have minimized flower abortion, 
and thus increased pod formation. 
None of the treatments affected the NGP number (Table 4). 
This is the component of productivity that exhibits low 
variations, a fact confirmed by other works using different 
inoculations, and nutrient usage in the seeds (Silva, 2010; 
Fipke, 2015; Perusso, 2013). The average values obtained 
concur with the one that is desired in genetic refinement, 
which are the vegetables having, on average, around two 
grains (Thomas and Costa, 2010). In this work, average 
values of 2.2 and 2.4 grains per legume were achieved for 
experiments 1 and 2, respectively. 
Although MTG is a genetic trait, it can show variations in 
response to the nutritional status and health of the plant. In 
this study, the treatment using the standard inoculation and 
the one involving rooting presented the highest MTG for 
both the experiments; however, in the second experiment 
no difference was noted when compared with the 
uninoculated control (Table 4). Silva et al. (2011) also 
reported higher averages when mineral supplementation via 
the seeds was done, when compared to the control, 
justifying the rise to the part played by molybdenum as a 
nitrate reductase cofactor, thus increasing the nitrogen 
incorporation. 
For GY, experiment 1 revealed significant interaction, 
wherein the treatments with the presence of water in the 
groove displayed higher productivity compared with those 
without water, for some treatments. When water was added 
to the sowing furrow, the highest yields were noted in the 
treatment using Bradyrhizobium, as well as in the treatment 
with the rooting, when both were used alone. All the other 
treatments showed no difference, statistically. In the second 
experiment, the treatment with rooting alone registered the 
highest GY, even better than the Bradyrhizobium treatment 
(Table 4). 
The water added to the sowing furrow resulted in an 
increase of 401 and 73 kg ha

-1
 for the first and second 

experiments, respectively. The other variables analyzed 
revealed no significant effect by this factor, for both sowing 
times (Table 5).  
The soil moisture content during the evaluation period 
remained at 18% of the gravimetric moisture. No statistical 
difference was observed between the use or not of water in 
the sowing furrow. As the added water caused no difference 
to the soil moisture content, as well as due to the high soil 
moisture content during the first few days post sowing, we 
were unable to confirm the differences between the use of 
water during the infection and nodule formation processes. 
 
Materials and methods 
 
Description of place and soil 
 
All the experimentation was performed at the Coxilha 
experimental area of the Department of Plant Sciences of 
the Federal University of Santa Maria - UFSM, in the 
municipality of Santa Maria, Rio Grande do Sul, at 29º 72' S, 
and 53º 73' W at 116 m altitude. 

The soil in the region of the São Pedro Mapping Unit is of the 
Argissolo vermelho distrófico típico (Embrapa, 2013). The 
soil revealed the chemical and physical characteristics as 
listed: pH in water, 6.0; MO, 3.1%; clay, 35%; P Mehlich 1, 
18.0 mg dm

3
; K, 0.286 cmolc/dm

3
; Ca, 6.9 cmolc/dm

3
; Mg, 

2.8 cmolc/dm³; S, 10.8 mg dm³; H + Al, 3.5 cmolc/dm³; CTC, 
13.2 cmolc/dm³; V%, 74.0. According to the Köppen 
classification, this area experienced the Cfa type of climatic 
conditions, typical of the humid subtropical region, with hot 
summers and no well-defined dry season (Alvares et al., 
2014). The air temperature for the month of January, on 
average, was 24.7 °C with 1712.4 mm mean annual rainfall, 
distributed evenly through the four seasons of the year 
(Heldwein et al., 2009). 
 
Experimental management 
 
The Nidera 6209 Roundup Ready cultivar from maturation 
group 6.2 was used. It had a type of determined growth, 
purple flowers, high branching potential, and a 
recommended plant population ranging from 280 to 350 
thousand ha

-1
 plants (Nidera Seeds Ltda, Registry No. 29989). 

A sowing density of 35 seeds per m² with 93% germination 
was used. Seed treatment was performed with the 
commercial product formulated with pyraclostrobin 25 g L

-1
 

+ thiophanate methyl 225 g L
-1

 + fipronil 250 g L
-1

 (Standak® 
Top) in the dosage of 2 mL kg

-1
 of seeds. Manual seed 

treatment was done utilizing 20 L capacity polyethylene bags, 
in which 3 kg of seeds were placed and product syrup added 
6 mL kg 

-1
 off seeds. Stirring was done for two minutes until 

the product was uniformly coated on the seeds. 
The experimental unit was composed of five sowing rows, 
each row being 7.75 m long and with 0.45 m spacing 
between the rows, totaling to 17.43 m

2
 of total area per plot. 

Each of the three central rows from which the plants were 
collected were five meters long, totaling to a harvest area of 
6.75 m

2
. 

 
Treatments 
 
Two experiments were installed at the time of the two 
sowing dates in the agricultural zone for the region, viz on 
11/24/2015 for experiment 1 and 12/17/2015 for experiment 2. 
The randomized block design experimental design was 
adopted, following a 7 x 2 factorial pattern, with four 
replicates. The inoculation treatments listed were done: 
non-inoculated (NI); not inoculated along with the nitrogen 
supply at the 200 kg ha

-1
 (NI+N); inoculation with the 

Bradyrhizobium [I (Brady)]; root enhancers (R); inoculation 
with Bradyrhizobium + root enhancers (I+R); co-inoculation 
with Bradyrhizobium + Azospirillum brasilense (I+Azo); 
co-inoculation with Bradyrhizobium + Azospirillum brasilense 
+ root enhancers (I+Azo+R). The second factor involved the 
use or abstinence of a water jet (200 L ha

-1
) directed on the 

seeds in the sowing furrow (water in sowing furrow= with 
and without). This treatment was carried out with the aid of 
an inoculator in the furrow, whether or not pure water was 
applied to the sowing furrow. 
The treatment with Bradyrhizobium involved the use of the 
liquid inoculant with 7 x 10

9
 colony forming units (CFU mL

-1
 

commercial product) of Bradyrhizobium japonicum strains 
CPAC 15 (SEMIA 5079) and Bradyrhizobium diazoefficiens 
strain CPAC 7 (SEMIA 5080), in the dose of 2 mL kg

-1
 of seeds. 
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In the case of the Azospirillum treatments, a liquid inoculant 
containing Azospirillum brasilense strains Ab-V5 and Ab-V6 
with 2 x 10

8
 CFU mL

-1
 was used in the same dose of 2 mL kg

-1
 

of seeds. The root enhancers used contained guarantees of: 
calcium (Ca) - 0.22 g L

-1
, sulfur (S) - 4.4 g L

-1
, molybdenum 

(Mo) - 5.5 g L
-1

, potassium (K2O) - 2.2 g L
-1

 and zinc (Zn) - 8.8 
g L

-1
, and added in the dose of 2 mL kg

-1
 of seeds. For the 

inoculation, each treatment involved the use of 3 kg of seeds 
placed in a seed volume was shaken polyethylene bag (20 L), 
to which the inoculant was added. The syrup volume (6 mL 
kg

-1
) was homogenized onto the seeds. Post inoculation the 

seeds were shade-dried for 30 minutes. 
Basic fertilization was performed in accordance with the 
Commission of Chemistry and Soil Fertility (CQFS-RS/SC, 
2016). Employing the seeder furrow system, fertilization with 
P2O5 and K2O was done, using 300 kg ha

-1
 of NPK formulation 

00-23-30; this formula was obtained through manually 
mixing the triple superphosphate with potassium chloride. 
For the control with N, the 200 kg ha

-1
 were separated into 

four distinct applications of 50 kg ha
-1

, in the stages V2, V4, 
V6 and R1. The other cultural treatments were performed, in 
keeping with the technical indications for the culture in the 
Rio Grande do Sul (Technical Indications for the Culture of 
Soy in Rio Grande do Sul and Santa Catarina, harvests 
2014/2015 and 2015/2016 (Embrapa, 2014). 
 
Analyzed variables 
 
For experiments 1 and 2 the soil temperature was assessed 
up to 14 and 7 days, respectively, post sowing. Three 
split-type thermometers (12 cm of stem) were placed in the 
sowing furrow, and the readings were taken twice a day (at 
9:00 a.m. and 3:00 p.m.) at the three depths of 1, 5, and 10 
cm. The soil moisture was estimated until the first rainfall 
post sowing, for a total of three days for experiment 1 and 
on no days at all for experiment 2. A cutting shovel was used 
to collect the soil in the sowing line (20 x 10 x 5 cm). The 
initial plant population (IP) was recorded in the V2 (first fully 
developed trifoliate leaf) (Fehr and Caviness, 1977), with the 
counting being done at 2 m in the center of the three central 
rows of each plot. The phenological stage was characterized 
by the time of full flowering and the presence of an open 
flower in one of the last two nodes of the stem bearing a 
fully developed leaf. At this stage, the plants were collected 
and the nodules counted. From each plot, four plants were 
collected, and the number of nodules per plant (NNP, nº 
plant

-1
) from among these, was recorded. The nodules were 

then washed and dried in a forced circulation air oven at 
60ºC until constant mass was reached. The dry mass of the 
nodules per plant (MNP, g plant

-1
) was determined using a 

balance with the precision of three decimal places. The 
aerial plant parts collected to ascertain the nodule count 
were packed in paper bags and dried in a forced circulation 
air oven at 60ºC until constant mass was achieved to assess 
the dry mass of plants (DMP, g plant

-1
). 

At the R8 stage 95% of the pods showed mature staining. 
The plant count was repeated just as it was done for V2, 
which was responsible for the final plant population (FPP). In 
this stage, five plants per plot were sampled to ascertain the 
constituents of plant productivity and growth. Counting was 
done for the number of pods per plant (NPP, nº plant

-1
), and 

the number of grains per pod (NGP, nº pod-1), separating the 
vegetables having one, two, three and four grains. The 

insertion heights of the first pod (IFP, cm
-1

) and the plant 
heights (PH, cm

-1
) were also determined using these plants. 

Harvesting was done with a mowing machine, and the 
harvested plants were cleaned. Later, these plants were 
weighed, and the moisture content corrected to 13% to get 
the grain yield (GY, kg ha

-1
) and mass of a thousand grains 

(MTG, g). 
 
Statistical analysis 
 
The results were submitted to the assumptions of the 
mathematical model (Steel et al., 1997), and later to the 
analysis of variance (ANOVA) by the F test. For the means of 
those variables showing statistical difference the Scott-Knott 
test of the comparison of averages was done, with 5% 
probability, using the statistical software, SISVAR® (Ferreira, 
2011). 
 
Conclusions 
 
Water supplied to the sowing furrow had no effect on 
soybean nodulation and yield components.  
Co-inoculation promoted nodulation in soybean plants, 
particularly in dry mass of the nodules and number of 
nodules per plant. 
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