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Abstract

Soybean occupies a prominent place in the national scenario, and the search for new technologies is continuous. Thus, this study aimed
to evaluate the co-inoculation, through seeds, from diazotrophs bacteria of genus Bradyrhizobium japonicum and Azospirillum
brasilense, and its effects against the nodulation, enzyme activity, gas exchange, and soybean production. The experiment was
conduced in completely randomized design, with seven treatments and four replications. Seven treatments were constituted in the
control (no nitrogen fertilization and seed inoculation); application of N mineral; seed inoculation with B. japonicum and A. brasilense
AbV5+AbV6 and AbV5+AbV6+AbV7 strains and their co-inoculations. The evaluations were performed in V4 and R4 stages, with
particular biometric characteristics of shoots and roots, the gas exchange indices of the leaves and the activity of peroxidase and
phenylalanine ammonia lyase enzymes. Also in the R9 stage were determined components of production and production per plant
culture. The results indicate that, when combining two species of bacteria through seeds have limitation in nodulation. The A.
brasilense, strains AbV5+AbV6+AbV7, inoculated through seed promotes increase in nodulation from the natural soil population; it
still raises the activity of plant defense enzymes in V4 stage, however, reduces the photosynthetic rate per foliar unit. Nitrogen
fertilization, seed inoculation with B. japonicum, A. brasilense (AbV5+AbV6+AbV7) and A. brasilense (AbV5+AbV6+AbV7) + B.
japonicum, provide the highest yields per plant. It has been observed even though the dry mass of root and aerial part have a direct
influence on plant production, and a negative relation between stomatal conductance and the number of nodules in the growing season,
and that photosynthesis does not influence the plant's production, just its production factors.

Keywords: Glycine max L; co-inoculation; biological nitrogen fixation; bacteria that promote plant growth; enzymes of plant
protection; photosynthesis

Abbreviations: RDM_Root dry matter; NN_number of nodules per plant; DMN_dry matter of nodules per plant; LA_leaf area,
DMAP_dry matter of aerial part; PAL_Phenylalanine ammonia lyase; POX_peroxidase activity; A_CO, net assimilation rate; E_
transpiration; gs_stomatal conductance; NP_Number of pods per plant; NSP_number of seeds per pod; PROD_production.

Introduction

Originating from Southeast China, soybean (Glycine max (L.) cultivars susceptible to interaction, Brazilian soy began to
Merrill), is the most widely grown oilseed in the world. In dispense mineral fertilizer, representing a significant
Brazil its expansion took place from the 60s, leading the reduction in production costs (Pedrosa and Souza, 2008).
country to be the second largest grain producer, reached in Currently, diazotrophic bacteria that present best increments
the 2013/2014 harvest larger volume of 86,000 tonnes for culture belong to the genus Bradyrhizobium. This
(Conab, 2014). It can be stated that this expansion is directly microorganism group can join the plan forming nodules on
linked to the genetic improvement associated with the their roots (Cassan et al., 2009). Moreover, they possess the
selection of strains of nitrogen-fixing bacteria (NFB), parallel ability to break the triple bond of atmospheric nitrogen
to technological development. In the 60s the selection of dioxide (N,) which is not used by plants, changing it into a
genotypes was directly related to responsive cultivars to form available to vegetables (Taiz and Zeiger, 2013). This
nitrogen mineral fertilizers, possibly linked to high protein process meets all need to nitrogen plant, eliminating the
levels observed in the grains of these cultivars, requiring mineral fertilizer (Silva et al., 2011).

about 240 kg ha™ of N to achieve average production of However, the energy expenditure of the bacteria in this
3,000 kg ha® (Hungria et al., 2001). However, the process is high and there is the possibility that the bacteria
requirement of high N has become limiting due to the high not performing it in the presence of certain mineral N content
cost of production of mineral fertilizers attributed to the large in the soil by reducing the affinity for oxygen of
expenditure of energy from oil, besides the great leghemoglobin (Deninson and Harter, 1995). Therefore, there
environmental impact. After the discovery of NFB process is a search for news ways to improve the efficient use of
with responsive strains, and associated with the selection of nitrogen along the development and production of soybeans.
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Among the various genus of diazotrophic bacteria, the genus
Azospirillum deserves attention because it consists of bacteria
that, besides the NFB, are known to produce or stimulate the
production of compounds for plant growth promoters. Some
of these compounds have already been observed being
produced by the interaction between the plant and
microorganism, such as auxin, 3-indoleacetic acid (1AA)
(Crozier et al., 1988), cytokinins (Cacciari et al., 1989),
gibberellic acid (Bottini et al., 1989), and other indole
compounds (Crozier et al., 1988).

It is known that increasing the amount of such compounds

can help in the development of plants, especially in the
production of grains (Figueiredo et al., 2010; Araujo et al.,
2012). Thus, larger root systems were observed in soybean
plants which received inoculated seeds (Ferlini, 2006;
Barbaro et al. 2009) and higher nodulation (Anollés, 1997;
Fei and Vessey, 2004). It was also noted increases in gas
exchange in wheat plants (Rodrigues et al., 2012), enzyme
stimulation (Reis Junior et al., 2008) and increase in
chlorophyll content (Quadros et al., 2014).
In this context, the present study aimed to evaluate the
inoculation and co-inoculation diazotrophic bacteria of genus
Azospirillum and Bradyrhizobium, and their effects across the
nodulation, enzyme activity, photosynthesis, and soybean
production.

Results and discussion
Plant growth

Considering the dry mass of roots (Table 1), treatment with
the addition of mineral N was higher in both evaluations
compared to the other treatments. Based on this result, it can
be deduced that the greatest expansion and dry matter of the
root system when fertilized with mineral N may be related to
better use available via N fertilization. Therefore it is known
that N is easily moved by irrigation at greater depthsthere is
root growth of the plants to perform its absorption (Araujo et
al., 2005). When considering the treatments that received
inoculation, these did not present large variations regarding
the control. However, Ferlini et al. (2006), noted an increase
for this variable when soybeans were co-inoculated with B.
japonicum and A. brasilense, in Argentina. The same authors
observed increments of up to 200% dry matter in root
systems, however failed to link this fact to the higher crop
yield.

Regarding the number of nodules per plant, the treatment
that received only nitrogen source was inferior in both
assessments (V4 and R4) (Table 1). There was a reduction in
the number of nodules per plant performed when nitrogen
fertilization 90.5% and 81.4% compared to plants inoculated
with A. brasilense, AbV5+AbV6+AbV7 strains, in V4 stage
and R4 respectively. In V4 stage treatment with inoculation
of A. brasilense, AbV5+AbV6+AbV7 strains, as well as the
co-inoculation of B. japonicum + A. brasilense
(AbV5+AbV6) were greater, not differing from the control
and plants whose seeds were inoculated with A. brasilense,
AbV5+AbV6+AbV7 + B. japonicum. In the R4 stage the
same treatments remained higher, also standing out the plants
inoculated via seeds with A. brasilense, AbVV5+AbV6 strains.
For dry mass of nodules (Table 1) the results were similar to
the number of nodules per plant due to the correlation
between the variables amounted to r = 0.709 and r = 0.771
V4 in R4 (p <0.05), the same correlation positive was
reported by Valaddo et al. (2009). These results make it
possible to highlight the effect of A. brasilense in cell
elongation as mentioned in working by Lemos et al. (2013),
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and production of root hairs (Radwan et al., 2004). This
results in an increase in places for bacteria infection and
consequent formation of nodules, since these begin their
formation from the root (Taiz and Zieger, 2013), contributing
to increase in nodulation.

The lower nodulation in plants that received nitrogen
fertilization occurs due to inhibition of biological nitrogen
fixation (Van Kessel and Hartley, 2000). According
Deninson and Harter (1995), this effect is due to reduced
oxygen availability in nodular breath as Stefens and Neyra
(1983), attributed the result to limiting carbohydrates to the
nodule metabolism. Most nodulation observed in plants
inoculated with A. brasilense can only be attributed to the
presence of B. japonicum in the substrate, as evidenced by
nodulation occurred in not inoculated plants with B.
japonicum (control).

Another factor leading to the increase in nodule number
and nodule dry weight per plant is linked to the production of
phytohormones by bacteriasince the level of auxins and
cytokinins is determinant for nodulation (Van Kessel and
Hartley, 2000), with auxin being the main hormone produced
and secreted by A. brasilense (Crozier et al., 1988).

The plants that received N in V4 growth stage had higher
average values of leaf area (LA), following the increase
already reported in RDM, compared to the other treatments
(Table 2). However, in R4, Brad+AbV5+AbV6 co-
inoculation treatment stood out having greater LA compared
to control, nitrogen, B. japonicum, AbV5+AbV6+AbV7 and
Brad+AbV5+AbV6+AbV7. This co-inoculation, surpassed
treatment with inoculation of B. japonicum isolated in
75.40% in R4, the discrepancy of values at this stage was
confirmed by the weak and not significant correlation
obtained. To the dry mass of aerial part in both stages
evaluated the supply of N promoted the highest average. This
increase in foliage and dry mass of aerial part is related to the
growth-promoting effect by the A. brasilense, this being the
result of better hormonal balance, further exploration by the
root system and better use of productive resources. As for the
highest averages of N that was due to higher rate of
absorption, incorporation and accumulation in the plant,
when compared to the inoculations provided.

Enzymatic activity and chlorophyll

Evaluating the enzymatic activity it was observed for
peroxidase (POX) (Table 2) that plants derived from
inoculation and co-inoculation with AbV5+AbV6+AbV7
showed greater activity in V4, significant difference was not
observed in R4. This enzyme participates in various
processes of relevant importance in plant metabolism,
primarily related to defense mechanisms. And actively
participate in lignification process by oxidation of phenolic
compounds, it is important agent in the IAA oxidation
(Baysal et al., 2003), a hormone produced by A. brasilense.
Worth remembering that treatments using
AbV5+AbV6+AbV7 promoted high nodulation, whether
represented by number of nodules or nodules of dry matter.
When assessing the phenylalanine ammonia lyase (PAL)
(Table 2), the results followed the pattern shown for POX,
showing that in V4 treatments that received inoculation with
A. brasilense showed greater activity of this enzyme, but not
differing from control and plants that received N fertilization.
Were not observed significant differences in PAL on R4
stage of culture.

PAL has an important role in secondary metabolism
participating in the formation of various phenylpropanol



Table 1. Root dry matter (RDM), number of nodules per plant (NN) and dry matter of nodules per plant (DMN), leaf area (LA) and
dry matter of aerial part (DMAP) of soybean plants submitted to inoculation and co-inoculation with diazotrophic bacteria, as
assessed in V4 and R4 stages of this culture. Marechal Candido Rondon-PR, 2012,

RDM NN DMN
Treatments (g plant™®) (g plant™)

V4 R4 V4 R4 V4 R4
Control 0.74.013b 3.69:011 b 46.25,36, ab 58.63.519 @ 0.1l bc 1.14,503ab
Nitrogen 1264991 @ 6.25.031 5.25.041 d 10.174140C 0.03.0006C 0.21.902d
B. japonicum 0.574005 b 3.05.00 b 31.284185C 38.67.74 b 0.13.901 bc  0.71.943 bC
AbV5+AbV6 0.60.007 b 1.87.010C  34.67.35 bC 54675058 023,008  0.68,003C
AbV5+AbV6+AbV7 0.774009 b 2.93,00bC 55.38,,17a 546018 019,00 ab  1.40.9132
Brad+AbV5+AbV6 0.75.4005 b 2.93,006bC  54.00,5a 46.69,5ab  0.17,003ab  1.02,003abC
Brad+AbV5+AbV6+AbV7 0.85,005 b 3.68,014b  46.33,57ab 35.94,350b  0.18,0008ab 1.03.00s abC
C.V. (%) 16.14 13.92 14.68 17.86 28.39 22.25
D.M.S. 0.30 1.15 13.17 13.77 0.10 0.45
F 12.6** 31.59**2 36.92** 25.78** 9.71%* 15.44%**

LA (cm9) DMAP (g)

Treatments va RA va Ra
Control 15.32,, 3, cd 291.15.511 C 1754010 b 21.904916b
Nitrogen 48.96.,67 @ 476.95.1086 b 2.98.0.24 2 34.50.009 @
B. japonicum 7.43.933d 334.9041950 C 143,907 b 23.39.053 b
AbV5+AbV6 13.2810.70 d 491.46131.50 ab 1-7010.08 b 22.721()‘43 b
AbV5+AbV6+AbV7 23.04., 16 Cb 361.14,4, g0 C 197,011 b 23.96.957 b
Brad+AbV5+AbV6 2413, 06 b 587.41.535 8 191,097 b 23.39.974 b
Brad+ AbV5+AbV6+AbV7 21.94,034 bC 392.33,50.35 bC 2.07.0.008 b 2244015 b
C.V. (%) 15.75 11.29 14.14 10.48
D.M.S. 7.97 108.87 0.64 5.93
F 59.06** 19.16* 12.28** 11.70**

*and **, significant at 5 and 1%, respectively by the F test. Averages followed by the same lowercase letter in the column do not
statistically differ from each other by Tukey test (p<0.05). + standard error of the mean

Table 2. Phenylalanine ammonia lyase (PAL), peroxidase activity (POX) and Chlorophyll of soybean plants submitted to inoculation
and co-inoculation with diazotrophic bacteria in the V4 stage and R4 culture. Marechal Candido Rondon-PR, 2012.

PAL

POX _— At (mg of mg trans-cinnamic acid
Treatments (UA min™ mg protein™) " mg protein’)

V4 R4 \Z! R4
Control 0.075.0,002 C 0.109.0.002 2.168.9 079 ab 1.505.¢ 085
Nitrogen 0.098.9002 C 0.137.9.001 1.710.9 56 ab 1.621.9 107
B. japonicum 0.154.4 001 @b 0.114.9 007 14935173 b 1.793.0.039
AbV5+AbV6 0.110.0,03 be 0.131.0.005 2.224,0047 2 1.634.0134
AbV5+AbV6+AbV7 0.162.9014 @ 0.148.9.017 2.126.¢ 169 ab 1.815.4079
Brad+AbV5+AbV6 0.063.9,004 C 0.154.4 013 1.613.0.66 A 1.939.0.206
Brad+ AbV5+AbV6+AbV7 0.162.9 018 @ 0.150.9,013 1.579.9,18 b 1.592.4 079
C.V. (%) 17.75 17.90 16.57 16.45
D.M.S. 0.048 0.055 0.703 0.642
F 16.13** 2.120”s 4.33*%* . 1.18™

Chlorophyll a (mg g™) Chlorophyll b (mg g™)
Treatments V4 R4 va RA
Control 0.0013.,0901 @ 0.047.9.002 d 0.0012.9,0901 ab 0.064. 01, bc
Nitrogen 0.0013.9,001 @ 0.158.9034 C 0.0011.9 ogo3 abc 0.028.9011 C
B. japonicum 0.0014.9 9001 @ 0.279.49053 b 0.0014.9 001 @ 0.17849011 b
AbV5+AbV6 0.0013.,0002 @ 0.371.9033 @b 0.0009.9,0002 be 0.177.9031 b
AbV5+AbV6+AbV7 0.001440 001 @ 0.292..062 b 0.0013. 0002 ab 0.146.4 g7 bc
Brad+AbV5+AbV6 0.0014.40gg01 @ 0.452.9037 2 0.0013. 0001 ab 0.053.0.023 bc
Brad+ AbV5+AbV6+AbV7 0.0007..9.0001 b 0.197.9032 C 0.0007.9 0001 C 0.231.90g @
C.V. (%) 11.32 19.35 16.78 24.42
D.M.S. 0.0003 0.10 0.0004 0.127
F 11.49** 39.76** 6.67** 135.12**

*and **, significant at 5 and 1%, respectively by the F test. Averages followed by the same lowercase letter in the column do not
statistically differ from each other by Tukey test (p<0.05).
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Table 3. CO, net assimilation rate (A), transpiration (E) and stomatal conductance (gs) of soybean plants submitted to inoculation
and co-inoculation with diazotrophic bacteria in the V4 stage and R4 culture. Marechal Candido Rondon-PR, 2012.

A (umol m™ %)

E (mmol m?s?)

gs (mol m?s?)

Treatments V4 R4 V4 R4 V4 R4

Control 19.66.970 @ 18.48,056a  4.04,003 4.08,015 0.22,00m@ 0.19.007 @
Nitrogen 17.53,.26 ab 16.28, 050 ab  4.62.001 3.91.016 0.22.0014 @ 0.15.0 003 ab
B. japonicum 164705 ab  1451,75b  4.03,007 3.634180 0.184p004 @b 0.15.047 ab
AbV5+AbV6 16.6410.71 ab 14.4510.13 b 3.9110.17 3.701014 0.1610004 b 0.151()‘004 ab
AbV5+AbV6+AbV7 14-4610.78 b 16.4810.33 ab 3.7910.29 3.841024 0.1310005 b 0.161()‘007 ab
Brad+AbV5+AbV6 15.18,97g b 15.92,056ab  4.05,0 03 3.88,0,1  0.17.0011ab 0.16,9¢; ab
Brad+ AbV5+AbV6+AbV7 17.60,055ab  15.97,060ab 3.79,015 3.62.017 015,000  0.13.0005 b
C.V (%) 9.45 8.92 11.93 11.33 13.50 12.07
D.M.S 3.65 3.28 1.10 0.99 0.03 0.043

F 4.67** 3.60* 1.38"™ 0.60™ 9.54** 3.19*

*and **, significant at 5 and 1%, respectively by the F test. Averages followed by the same lowercase letter in the column do not
statistically differ from each other by Tukey test (p<0.05).

Table 4. Number of pods per plant (NP), number of seeds per pod (NSP) and production (PROD) of soybean plants submitted to
inoculation and co-inoculation with diazotrophic bacteria. Marechal Candido Rondon-PR, 2012.

Treatments NP NSP 878; )
Control 52.00.9 46 ab 2.95.0.10 24.20.97, bc
Nitrogen 57.69.5 1 ab 2.85.0 09 33.03,19a
B. japonicum 58.44.,3a 2.7840 04 28.51.1 33 ab
AbV5+AbV6 48.47 5 5 abe 2.68.015 22 74,065 C
AbV5+AbV6+AbV7 56.41,, 47 ab 2.7540 05 28.40..95 ab
Brad+AbV5+AbV6 45.83.,13 bc 2.7340.05 23.62.97g bc
Brad+ AbV5+AbV6+AbV7 39.17,,p C 290,006 28.56,9c, ab
CV (%) 1047 7.83 8.23

D.M.S 12.25 0.50 5.11

F 7.11** 0.82™ 10.86**

*and **, significant at 5 and 1%, respectively by the F test. Averages followed by the same lowercase letter in the column do not
statistically differ from each other by Tukey test (p<0.05).

Table 5. Person correlation matrix for soybean plants variables submitted to inoculation and co-inoculation with diazotrophic
bacteria.Marechal Candido Rondon-PR, 2012.

Stage V4
Cloa Clob A gs E NP NSP PRO NN LA RDM DMN DMAP POX PAL
Cloa 1.000
Clob 0.847* 1.000
A -0.363  -0.354 1.000
gs 0.209 0.173 0.725  1.000
E 0.289  0.180 0.276  0.787*  1.000
NP 0.739  0.712* 0.118 0.342 0.472 1.000
NSP 0.493  -0.220 0.804* 0.54 0.193 -0.112  1.000
PRO 0.017 0.0006 0.002  0.175 0.526 -0.423 0319  1.000
NN 0.077  0.100 0.318  -0.607 -0.838* -0.458 -0.104 -0.61 1.000
LA 0.054  -0.132 0.006 0.335 0.739* 0.145 0.189  0.651 -0.545  1.000
RDM 0.184  -0.202 0.197  0.433 0.745* 0.135 0.396  0.727* -0.594  0.971* 1.000
DMN 0.130 -0.242 0.047 -0.828* -0.866* -0.537 -0.577 -0.0675 0.709* -0.619 -0.721 1.000
DMAP  -0.162 -0.248 0.101  0.345 0.722* 0.111 0.206  0.686* -0.595 0.988**  0.986** -0.626  1.000
POX 0.038 -0.185* -0.289 -0.623 -0.472 0.063  -0.046 0.439 0.077 0.233 -0.168 0.252  -0.164  1.000
PAL 0.273  -0.069 0.115  -0.059 -0.244 0.127  -0.114 -0.448 0.217 0.0165  -0.200 0.296  -0.142  -0.170  1.000
Stage R4
Cloa Clob A gs E NP NSP PRO NN LA RDM DMN DMAP  POX PAL
Cloa 1.000
Clob 0.366 1.000
A 0.624 0.134 1.000
gs 0.207 -0.683  0.741 1.000
E 0.245 -0.062  0.837* 0.893**  1.000
NP 0.015 -0.712  0.009 0.444 0.274 1.000
NSP 0.946**  0.322 0.735 0.262 0.380 -0.107  1.000
PRO 0.406 0.140 0.005 -0.268 0.118  0.423 0.327 1.000
NN 0.232 -0.093 0.172 0.434 0.136 -0.193 -0.221 0.830*  1.000
LA 0.682 -0.170 0.389  -0.343 -0.061 -0.321 -0.576 -0.184 -0.245 1.000
RDM 0.553 -0.076  0.378 0.061 0.364 0.294 0.576 0.792* 0.837* -0.015  1.000
DMN 0.021 0.204 0.396 0.302 0.129 -0.279  0.578 -0.430 0.771*  -0.344 -0.548  1.000
DMAP  -0.143 -0.313  0.017 -0.042 0.228 0.465 0.055 0.755* 0.859*  0.282 0.858* -0.738  1.000
POX 0.386 0.334 -0.153  -0.473 -0.213  -0.480  0.099 0.122 -0.175 0.630 0.007 0.193 0.125 1.000
PAL 0.824* -0.279 0.405 -0.175 0.185  0.123 -0.315  -0.096 0.089 0.466 -0.328  0.219 -0.092  0.470 1.000

* and **, significant at 1%. Clo a: chlorophyll A; Clo b: chlorophyll B; A: photosynthesis; E: transpirATION; gs: stomatal
conductance; NP: number of pods; NSP: nimero de grdos por vagem; PRO: production; NN: number of nodules; LA: leaf area;
RDM: root dry matter; DMN: dry matter of nodules; DMAP: dry matter of aerial part; POX: peroxidase; PAL: Phenylalanine
ammonia-lyase.
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compounds, flavonoids and phytoalexins able to act directly
against some pathogens (Gerasimova et al., 2005).

The average values of POX found in this work agree with
those found by Marques et al. (2012), working with
potassium deficit in soybean plants. They also report that the
values found between V5 and V7 culture were 0.2 and 0.6
UA min? mg protein™, respectively, when the plants are
nutritionally balanced. According to the authors, PAL values
decrease with advancing age of the plant, a result similar to
the values found in this study when considered absolute
averages only.

In works developed by Almeida et al. (2012), reported that
the longer the duration of exposure of plants over the action
of microorganisms greater the activity of the POX and PAL,
while plants that do not suffer from this action does not have
variation.

The amount of chlorophyll found in the treatment
Brad+AbV5+AbV6+AbV7, in the initial stage (V4) was 0.7
ug g being lower than the other treatments, with a reduction
of at least 85.7% and 100 % (Table 2). In R4 this treatment
also had lower middle, but surpassing the control, and
equating to treatment with N. When observed the chlorophyll
b, the behavior was similar in V4 resulting in lower average
by Brad+AbV5+AbV6+AbV7. However R4 in the treatment
of Brad+ AbV5+AbV6+AbV7 was superior to the others,
with gain compared to control of 261%. This increased value
can be related to the plant input in the reproductive stage
(R4), where this plant starts to have a greater demand for
photosynthate and therefore a higher chlorophyll content.
Such behavior has been described by Whitmarsh (2000),
which justified the correlation between the physical process
of absorption and conversion of physical energy of light into
chemical energy.

This fact evidenced demonstrates the potential of
AbV5+AbV6+AbV7, especially in the reproductive phase
and associated with B. japonicum in producing chlorophyll
type b. Similarly, the  association between
AbV5+AbV6+AbV7, and as for the first two isolated
response was not positive, so it can be AbV7 may be
interfering with the performance of the plant.

Gas exchange

The average values of CO, net assimilation rate (A) obtained
in V4 show better photosynthetic performance of control in
relation to plants inoculated with AbV5+AbV6+AbV7 and
Brad+AbV5+AbV6. Similarly, in step R4, the values of (A)
exceeded the control plant leaves which received inoculation
with AbV5+AbV6 and B. japonicum (Table 3). This may be
linked to the plant-bacterium interaction from the inoculation,
since the presence of nodules in these plants is the result of
natural population of B. japonicum in this substrate. Thus,
non-inoculated soybean plants do not require energy
consumption.

Thus, the lower photosynthetic rate obtained in V4 stage
for the treatments that received AbV5+AbV6+AbV7, is
probably connected with high root nodulation, where it can
possibly provide intense competition for assimilated carbon,
which has reduced the photosynthetic efficiency. In this
sense, a research conducted by Fagan et al. (2007), reported
that plants that fix nitrogen consume on average 11-13%
more carbon fixed a day for breath compared to plants
supplied by nitrogen, justifying the results. This increase
occurs by the increase of production dependent on carbon
compounds as ureides and flavonoids (Flores et al., 2010;
Juge et al., 2012).
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In stage R4, while the other treatments decreased the
photosynthetic rate in absolute terms, those who have
received AbV5+AbV6+AbV7 in an isolated way on the seed
have demonstrated an increase, related to the effect of A.
brasilense in maintaining green plant for longer due the
greater presence of chlorophyll in the plant tissue, an effect
demonstrated by Quadros et al. (2014), when studied the
chlorophyll content in corn genotypes inoculated with
different strains of A. brasilense. Increases in photosynthesis
of soybean plants are reported by Kaschuk et al. (2009),
when studied the same co-inoculation of the present study.
For leaf transpiration rate (E), there were no significant
differences between treatments, evidencing that variations in
stomatal conductance were not enough to affect water loss by
plants in these conditions.

When analyzed stomatal conductance (gs) the behavior was
similar to A (Table 4), initially showing superiority of control
treatments, mineral N, B. japonicum and Brad+AbV5+AbV6
with superiority of 69.2%, 69.2%, 38.5% and 30.7%
compared to AbV5+AbV6+AbV7, respectively. These results
agree with those found by Konrad et al. (2005), when
studying the gas exchange in the coffee culture. These
authors report close relation between these two variables (A
and gs). The same relation is still found by Costa and
Marenco (2007) in the culture of andiroba.

The reduction in stomatal conductance according to
Oliveira et al. (2005), is indicative of stress, particularly
hydric in the plant, and other like low solar radiation and the
exposure angle of the leaves to sunlight. The gas values
found agree on those cited for different crops such as coffee
(Konrad et al., 2005), buriti (Calbo and Moraes, 1997), bean
(Oliveira et al., 2005) and soybean (Kaschuk et al., 2009).
These are considered suitable by these authors for the
development of the cultures in question. The same happened
in the present study, allowing an adequate water balance and
transpiration, which favors the photosynthetic activity.

Soybean production

For the production of components (Table 4) stands out
inoculation with A. brasilense isolated and co-inoculated with
B. japonicum, as AbV5+AbV6+AbV7, promoting result
equal to the treatment with mineral N and B. japonicum.
Possibly this result is related to better utilization of water and
consequently greater availability of photoassimilates for
formation and development of crop grain.

The smaller pods numbers obtained in co-inoculations of
Brad+AbV5+AbV6 and Brad+AbV5+AbV6+AbV7
presented averages of 27.5% and 49.2% lower compared to
the B. japonicum, respectively. Such reductions can result
from competition during the infection process between the
strains used, not achieving the ideal per plant population for
each strain, resulting in a lower availability of N in the
formation of pods, condition reported by Plazinsk & Rolfe
(1985), where the use of different bacteria in seed inoculation
may result in interspecific inhibition during colonization by
competition process.

When assessing the yield per plant it is noted that the
treatments that received AbV5+AbV6+AbV?7 isolated or co-
inoculated showed results equal to control, nitrogen and B.
japonicum. Lower absolute values were observed for
AbV5+AbV6 isolated or co-inoculated, not differing only
from control, with a down of 45.25% and 39.8% compared to
N, respectively. The production by the B. japonicum and
AbV5+AbV6+AbV7 associate itself with the larger grain
filling reported by Didonet et al. (2000), which allowed



inoculation best translocation throughout the plant biomass,
resulting in higher grain mass.

The results corroborate with Barbaro et al. (2009), where
different forms of nitrogen fertilization and inoculation with
B. japonicum and A. brasilense in soy, providing higher
yields when performed co-inoculation and utilization of B.
japonicum separately. However, the results in the literature
are different, and to Santos et al. (2011), working under field
conditions in two different regions of Parana, studying co-
inoculations with AbV5+AbV6+AbV7 and B. japonicum,
found no significant differences in number of pods per plant
and productivity of treatments.

Correlation analysis

When determining the correlation coefficients among the
variables in their respective phenological stages and
production components, it was observed in V4, positive
correlation coefficient between the levels of chlorophyll a
and b. This result was expected since both are produced in
large quantities because it is a photoassimilates accumulation
phase and is completely dependent on the soybean plant
photosynthesis to its maintenance. It was also found that in
V4 photosynthesis already interferes in the productive
characteristics of soybean, and found that the increase in
photosynthetic rate correlates to large number of grains per
pod on the plant. This condition occurs due to greater
availability of reserves accumulated by the plant during its
growing season, coupled with the photosynthetic activity at
the moment, thus having a more homogeneous grain filling
with lower abortion and incomplete formation of grains. In
R4 stage the correlation between these two variables was not
significant, but was high (r = 0.735), showing that
photosynthesis has great importance in the formation and
grain filling in soybean plant. The absence of significant
correlation between the photosynthetic rate and the actual
plant for production is explained by intensive breeding
program, which aimed to select the most stable cultivars in
relation to light due to less sunlight in some producing
regions. Another point that explains the absence of significant
correlation is mentioned by Pereira (1989), where there is
only correlation between A and production in cultures that
have leaves as economic interest body, not happening for
those where fruits and grains are marketed.

The correlation obtained for E and gs in V4 and R4 is given
by the physiology of the plant during the photosynthesis
process, since the stomatal conductance and transpiration are
dependent variables (Taiz and Zeiger, 2013) and when E rises
the plant is with open stomata, thereby resulting in greater
loss of water.

It was also observed in V4 that gs and DMN have negative
correlation. This answer suggests a possible stomatal control
in soybean plants in the activity of the nodules, as reports
show that a number close to 30 viable nodules are sufficient
for the plant (Fagan et al., 2007), as well as under field
conditions usually this number is greater, as found in this
study. In this condition occurs stomatal closure thus reducing
the CO, entrance by stomata and limiting water uptake by the
roots. It notes that the node in the NFB is dependent on the
photosynthetic activity, and the amount of photoassimilated
limiting for the formation of NH, in the nodule is reduced,
maximizing conversion of NH, to NH; which can be
incorporated through amino acids.

When considering the R4 stage, the need for N from NFB
in the nodule is greater due to the higher number of
physiological drains. Thus, this can not control is required
and the correlation turns out not to be significant. This fact is
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proved when it finds that E that was positively correlated to
the gs as well showed a negative correlation with DMN and
NN. E as well correlated positively in V4 with LA, RDM and
DMAP, showing that at this stage, the greater the mass and
the surface of the plant larger will be its loss of water due to
increased absorption capacity of the root system, higher
accumulation capacity in upper leaf surface and greater
exposure to the solar rays that cause transpiration. In the R4
stage E did not correlate with any of the variables, possibly
due to statistical similarity between treatments for the DMAP
values that phenophase.

The RDM was positively correlated with the PRO, LA and
DMAP in V4 and the PRO and DMAP in R4. This result
shows that the root system of culture has great importance in
the development of aerial part reflecting production. From
these results it can be inferred that the increase in
productivity found in treatments inoculated with the strains
AbV5+AbV6+AbV7 isolated or co-inoculated with B.
japonicum is connected to the growth-promoting effect of the
root system (Ferlini, 2006; Cassan et al., 2009) and aerial part
(Lemos et al., 2013; Rodrigues et al., 2014) mainly having
less weight the other factors, as these were the only
significant correlations with production in both phenophases
evaluated. The results of this study agree with mentioned by
Dalchiavon and Carvalho (2012), who found positive
correlations of mass increase the plant with the soybean crop
productivity.

The activity of the enzymes studied exerts no influence on
plant development, gas exchange and production, not being
observed significant correlation effect (Table 5). Negative
correlation was obtained from POX with chlorophyll b in V4.
However, this was weak, showing no great influence. The
PAL correlated positively and strongly with the chlorophyll a
in the R4.

In according to the present results it can be inferred that the
isolated inoculation AbV5+AbV6+AbV7 has favored B.
japonicum naturally present in the substrate, allowing
increased nodulation on soybeans, and when used in the co-
inoculation with B. japonicum reduces it, but promotes an
increase in nodule size, thus increasing its dry mass. These
treatments also increased the activity of enzymes related to
plant defense in V4 stage of culture, and reduced the
photosynthetic rate of the plant. However, they showed yield
per plant similar to treatments with mineral N and especially
B. japonicum which is the recommended way of handling and
currently used in Brazil. It has also been shown that the
photosynthetic activity of the leaves in V4 stage interferes
with the number of grains per pod, and the dry weight of root
and aerial part exert primary role in crop yield. Also a
negative correlation between stomatal conductance and the
number of nodes in V4 should be further studied to
demonstrate whether it is a possible way of regulating the
activity nodule soybean plant was observed. And still the
photosynthetic activity did not increase the plant's
production, only interfered with components of production as
the number of seeds per pod.

Material and methods
Experimental design

The experimental design was entirely randomized, with seven
treatments and four repetitions, totaling 84 pots, 28 pots used
for each evaluation, at stages V4, R4 and R9. The used
treatments consisted in the absence, presence or association
between diazotrophic bacteria and nitrogen fertilizer as
recommended for the soybean crop: T1 - control (not



inoculated seeds and without nitrogen fertilization); T2 -
fertilization with nitrogen (240 Kg of N hal); T3 -
inoculating seeds with Bradyrhizobium japonicum (Semias
5079 and 5080) without N; T4 - Azospirillum brasilense
(AbV5+AbV6) without N; T5 - A. brasilense
(AbV5+AbV6+AbV7) without N; T6 - B. japonicum + A.
brasilense (AbV5+AbV6) without fertilization N; and T7 - B.
japonicum + A. brasilense (AbV5+AbV6+AbV7) without
fertilization N. In the treatments with inoculations, the same
were carried out 30 min before sowing, mixed with the
inoculant in the mass of seeds using a plastic bag and left in
the shade until the time of sowing.

Experimental management

For inoculation the doses used were 60 grams of inoculant
Simbiose Nod® B. japonicum (Semias 5079 and 5080, 5 x
10° CFU g% per 100 kg of seed. The same dosage was used
for inoculation of A. brasilense (AbV5+AbV6) using the
product Graminante® (3 x 10° CFU mL™), and A. brasilense
(AbV5+AbV6+AbV7) using the product “AbV5+AbV6+
AbV7” (6 x 10° CFU mLY). For treatment with mineral
nitrogen, this was applied in installments, at the time of
sowing (30%) and the remainder in V2 stage of the soybean
crop (70%).

The crop was planted in a 12 liters pots, filled with
substrate obtained from the horizon A of soil classified as
Eutroferric RED LATOSOL with clayey texture (Embrapa,
2013). The chemical characteristics of the substrate were the
following: pH (H,0): 5.00; P available (Mehlich): 11.78 mg
dm?; K (Mehlich™®): 0.26 cmol, dm®; Ca*" (KCI 1mol L™):
3.82 cmol, dm.g; Mg?* (KCI 1mol L™): 0.86 cmol, dm™ and
AP (KCI 1mol L™): 0,10 cmol, dm™; H+AlI (calcium acetate
0.5 mol L™M): 4.92 cmol, dm™; SB: 4.94 cmol, dm?®; V:
50.10%, M.O.: 16.40 g dm™®,

The soil correction was performed 30 days before sowing,

rising base saturation to 70% (Embrapa, 2011), being the
base of fertilization carried out according to recommendation
for Brazil. At the time of sowing the substrate had population
of 2 x 10° CFU g diazotrophic bacteria.
The sowing was carried at a seeding depth 2.5 cm. It was
used the cultivar CD 250 distributing 10 seeds per pot and 10
days after emergence was carried out a thinning leaving only
two plants per pot. The cultural treatments were performed as
required, according to Embrapa (2011).

Determination of biometric characteristics

Ratings for the roots and aerial part were held in V4 and R4
stages, determining the number of nodules by counting,
highlighting the roots after the plants were separated into
roots and the aerial part and equipping process them in kraft
paper bags, subsequently dried in an oven with forced air at
65°C for 72 h, later performing weighing on a precision
scale, thus determining the dry matter of roots and dry matter
of nodules, dry matter of shoot and foliar, the relationship
between the mass of the area known to the total dry mass of
leaves.

Determation of gas exchange

The determination net assimilation rate of CO, (A),
transpiration (E) and stomatal conductance (g;) was
performed in V4 stage and R4 using the IRGA LI-6400XT
equipment (Licor Inc. Lincoln, NE). Readings were taken in
the morning between 09:00 am and 11:00 am, on a fully
sunny days, using fully developed leaflets belonging to
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photosynthetically active leaves and without injuries, located
in the middle third of the plants. Reading was performed at
two different leaves on each plant from the pot, resulting in
four samples per pot. The average active photosynthetic
photon flux on V4 and R4 stages during the determination of
gas exchange were 1,300+15.97 and 1,300+18.53 m? st and
the average concentration of CO, in the atmosphere was
380+4.50 and 375+1.98 m? s, respectively.

Determination of enzymatic activity and chlorophyll

For determination of enzymatic activity and chlorophyll
content composite samples of leaflets fully expanded
trifoliate leaves were collected, identified and packaged in
aluminum foil, and stored immediately immersed in liquid
nitrogen. The activity of peroxidase (POX) was determined at
30°C, through direct  spectrophotometric  method
(Hammerschmidt et al., 1982), while the phenylalanine
ammonia-lyase activity (PAL) was determined according to
the methodology described by Umesha (2006). The content
of chlorophyll a and b was determined by the method of Sims
and Gamon (2002), and reading the following wavelengths
663 nm (chlorophyll a) and 647 nm (chlorophyll b).

Determination os soybean production

At the time of grain maturation (R9 stage) was held manual
harvest the pods, and given the number of pods per plant and
the number of seeds per pod (20 pods randomly chosen
within each plot). After the manual threshing pod the
moisture grain was standardized to 13%, determining the
production and being expressed in grams per plant.

Statistical analyses

The data were submitted to analysis of variance at p<0.05
significance, and when significant Tukey test was applied to
5% error probability (P < 0.05), where relevant, with the help
of Sisvar software (Ferreira, 2011) was also held the Pearson
correlation among the studied variables.

Conclusion

The use of co-inoculation of B. japonicum + A. brasilense via
seed reduces soybean nodulation, but the use of
AbV5+AbV6+AbV7 in isolation promotes increase in
nodulation, from the natural soil population and increases the
activity of enzymes in plant defense on soybeans in V4 stage,
however reduces the photosynthetic activity. The increase in
photosynthetic activity of the plant in V4 and R4 culminates
in an increase in the number of grains per pod. The dry
weight of root and aerial part have a direct role in the soy
plant production in both the phenological stages evaluated,
which justifies the use of bacteria promoters of plant growth
co-inoculated in soybean. The use of nitrogen, B. japonicum,
AbV5+AbV6+AbV7 and AbV5+AbV6+AbV7+B. japonicum
provides the highest yields per plant. There is a negative
correlation between nodulation and stomatal conductance of
plants in V4, which may represent a form of control by the
plant, requiring further study about this correlation.
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