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ABSTRACT

Neglected Glyphosate-resistant (GR) crops are common in agro-ecosystems mainly due to its benefits
of weed management. However, the effect of GR crops on soil ecosystem and on non-target soil
organisms need to be monitored. The effect of two transgenic soybeans GR on soil microorganisms,
soil enzymes, microbial biomass and plant growth were evaluated. The experimental design was
conducted as factorial arrangement with two GR soybean varieties, the Londrina (RR 59) and its near
isogenic non-GM 59 Londrina called VAR 1; the second was Valiosa soybean (RR Conquista) and its
near isogenic non-GM Conquista - Uberaba soybean called VAR 2. The plants were inoculated with
arbuscular mycorrhiza fungi and rhizobia. The results showed that significant differences were
observed among GM plants and their parental non-GM only for N biomass, AM colonization and
cellulase activity. The presence of AM fungi had great influence on the functional groups of
microorganisms while some enzymes activity decreased.
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INTRODUCTION

The advancement of biotechnology has brought the possibility to insert genes from one organism into
another cell, creating transgenic organism such as transgenic soybeans plants (Marinho et al., 2014). They
received genes that produce some proteins, which protect them against a herbicide named glyphosate. This
technology resulted in lower production costs, reducing the application of total pesticides, and decreasing
environmental contamination (Park et al., 2011).

The glyphosate resistant transgenic soybean has been cultivated for more than twenty years and since
1996 represents the most prevalent transgenic crop (Nakatani et al., 2014; Duke et al., 2012; Bonny 2011).
However, the effect of genetically engineered soybean on soil microcosm has not yet been completely
clarified (Babujia et al., 2016; Guan et al., 2016). Soil microorganisms drive agro-ecosystem functions on
nutrient turnover, soil structure. Transgenic crops can affect soil microorganisms due to differences in the
amount and composition of root exudates (Liang et al., 2014), gene transference (Pontiroli et al., 2007),
besides the effects caused by differences in management practices for transgenic crops, e.g., pesticide
applications (Tsatsakis et al., 2017; Sessitsch et al., 2004), tillage and fertilizer application (Motavalli et al.,
2004). These crops can also affect soil microorganisms due to differences in the amount and composition of
decomposing crop residues (Lu et al., 2010; Icoz and Stotzky 2008).

Therefore, microbial functionality in natural ecosystem or agricultural soils is an important bioindicator of
soil quality, as well as soil of microbial biomass (Kaschuk et al., 2010). The interaction of plant-
microorganism is influenced by root exudates, which is the nutrient source to microbial community,
including biological nitrogen fixation (BNF) and arbuscular mycorrhizal fungi (AM) (Andrade 2004).

Proteins from transgenic plants can be released and selectively influence the microbial community,
stimulating or suppressing microorganism growth (Tsatsakis et al., 2017; Dunfield and Germida 2004). The
qguestion that remains is whether these new proteins can cause any effect on the function of soil
microorganisms in tropical soils.

The aim of this study was to evaluate the influence of glyphosate resistant soybean inoculated or not with
AM fungi on functional groups of soil microorganisms.
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MATERIALS AND METHODS

Experimental design

The experiment was carried out using two different varieties of GM soybean glyphosate resistant and its
near isogenic non-GM. The experimental was conducted in a completely randomized block design 4 x 2 x 1 x
5, (4) two GM soybean and non-GM near isogenic; (2) AM and non-AM plant and (1) one harvest 43 days
after germination with (5) five replications (n = 40).

Plant growth and soil conditions

The soil from Londrina, PR in Brazil was used and is classified as a Rhodic Ferralsol (FAO 1994), medium
texture, with the following chemical composition: Al 0.3 cmol; Ca 1.7 cmol; Mg 0.7 cmol; K 0.07 cmol; H + Al
4.9 cmol; C 10.4 g; P 2.2 mg, all in dm™ of soil; pH 4.6. The substrate (soil sand 3:1 was steam-sterilized for 1
h on three consecutive days. In each pot of 500 g of substrate was added, and a microbial community,
except for AMF, was restored with 10 mL of soil extract filtered. The soybean varieties were Londrina RR 59
and their near isogenic non-GM 59 Londrina called VAR 1, and the second was Valiosa soybean (RR
Conquista) and its near isogenic non-GM Conquista — Uberaba soybean called VAR 2. Seeds were surface
sterilized with hypochlorite solution (2%) for 2 minutes and rinsed 5 times with sterile distilled water. Six
seeds were sowed in each pot, and one seedling was left four days after germination.

The seedlings were inoculated with two Bradyrhizobium strains, B. japonicum SEMIA 5080 and B. elkanii
SEMIA 587, grown in YMA media (Vincent 1970) in a Petri dish at 282C for 7 days. Each strain was
suspended in sterile saline and approximately 108 CFU mL ™ was inoculated around the seedling.

AM fungi inoculum of Glomus clarum (spores, mycelia, root fragments), was obtained from pots grown
with Brachiaria decumbens kept in a greenhouse. Each pot received 2 g of AM fungi inoculum 1 day before
seeds were sowed over the inoculum and the experiment was kept in greenhouse conditions (28 °C and 25
°C for day and night respectively, relative humidity 60%).

Functional groups of microorganisms assays

The colony forming units (CFU) were estimated by plate counts of aliquots from serial 10-fold dilutions,
where 1 g rhizosphere soil (stuck to the roots) was collected from each plant and suspended in sterile saline
(NaCl 0.85%). Aliquots of 50 uL of each respective dilution were spread on duplicate petri dishes with an
appropriate culture media for enumerating the populations were used as following: 10 for heterotrophic
bacteria (Ferreira et al., 2003), 10 for actinomycete (Kiister and Williams 1964), fluorescent pseudomonas
(Katoh and Itoh 1983), proteolytic (Wood 1980, as amended by Andrade 2004) and phosphate solubilizing
(Sylvester-Bradley et al., 1982), 102 for amylolytic (Pontecorvo et al., 1953), cellulolytic (Wood 1980), and
saprophytic fungi (Ferreira et al., 2003), flagellate and ciliate protozoa (Woomer 1994).

The soil samples were kept at 4 ° C before C and N biomass were determined. Soil microbial biomass of
carbon (MBC) and nitrogen (MBN) were estimated by fumigation-extraction (Vance et al., 1987).

Mycorrhizal colonization

Percentage of root colonization by AM fungi was determined after staining root (Phillips and Hayman
1970) and estimated by gridline intersection method (Giovanetti and Mosse 1980).

Plants
Plants were harvested and the fresh weight of the roots, shoots, and nodules was recorded. To estimate

the dry weight of roots, shoots and nodules were dried for 48 h at 55°C before recording. Root length was
estimated according to the gridline intersection method (Newman 1966).
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Enzyme activity

Before sampling, the soil moisture was determined by gravimetric estimation, incubating the soil at 1052C
24 h'! and weighed. To determine the enzyme activity, the soil samples were kept at 4 °C before the assays
were carried out.

The enzymatic activity from biogeochemical cycling was also evaluated, from C cycling (dehydrogenase
and cellulase), N cycling (urease and asparaginase) and P cycling (acid phosphatase).

The soil enzyme activities were determined as follows: Dehydrogenase activity (Casida et al., 1964),
Cellulase activity (Schinner and Von Mersi 1990), Urease activity (Tabatabai and Bremner 1972),
Asparaginase activity (Frankenberger and Tabatabai 1982), Acid phosphatase activity (Tabatabai and
Bremner 1969).

Statistical analyses

The dataset was submitted to analysis of variance (one-way ANOVA) and mean comparisons by Tukey’s
test (p<0.05). In addition, multivariate analyses were performed with Canoco 4.5 for Windows software.
The Principal Component Analysis (PCA) was carried out in order to verify the relationships among variables
in transgenic and non-transgenic plants.

RESULTS AND DISCUSSION

The insertion of genes which protect the plant against glyphosate did not affect the functional groups of
microorganisms when compared with VAR 1 near isogenic plant non-GM, except for N microbial biomass
that increased. Additionally, the presence of G. clarum showed great effect on almost all the microbial
populations evaluated, increasing fluorescent pseudomonads, P solubilizing, proteolytic, ciliate and
flagellate and decreasing cellulolytics (Table 1).

Table 1. Effect of transgenic soybean glyphosate resistant VAR 1 and AM fungi on functional groups of
microorganisms and N biomass after 43 days of germination. AM colonization (AM), fluorescent
pseudomonas (FP), P solubilizing (PS), cellulolytic (Cel), amilolytic (Ami), proteolytic (Prot), ciliate (Cil),
flagellate (Fla), N microbial biomass (N biom).

Treatment |  AM FP | PS [ Cel | Ami | Prot Cil. [ Fl N biom
(%) (log cfu g dry soil) (log NMP) (ugsc’)\ill'gl)dry
Plant (n=60)
Non-GMP | 73.70al 5.75a 5.52a 5.58a 5.88a 6.22a 3.95a 3.49a 17.77a
GMP 70.30a 6.00a 5.58a 5.58a 5.91a 6.50a 4.06a 3.28a 11.08b
AM Fungi
Non-AM - 5.54b 5.15h 5.84a 5.88a 5.94b 3.55b 2.93b 14.91a
AM - 6.21a 5.95a 5.31b 5.92a 6.78a 4.46a 3.83a 13.94a
ANOVA (p values)
Plant 0.583 0.140 0.783 0.992 0.682 0.165 0.697 0.592 0.022
MA - <0.01 <0.01 <0.01 0.632 <0.01 <0.01 0.023 0.735
PGM*MA - 0.797 0.636 0.512 0.116 0.799 0.841 0.487 0.153

!Means with the same letter are not significantly different byTukey’s test (p< 0.05).
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VAR 2, the near isogenic non-GM improved AM colonization, and no differences on the functional groups
of microorganisms between GM and non-GM plants in VAR 2 was observed. However, AM colonization
increased fluorescent pseudomonads, P solubilizing and proteolytics and decreased cellulolytics as
observed in VAR 1. The amylolytic population was decreased by AM fungi in VAR 2 (Table 2).

In the PCA correlation among functional groups of microorganisms’ population and transgenic soybean
VAR 1, the factorial plan considering the axes 2 and 3, which represent the variability, axis 2 explains 45.9%
and axis 3 33.8% respectively. The inoculation with AM fungi provided a separation among treatments,
regardless of transgenic. Thus, the non-AM plants showed a positive correlation with axis 2, while those
inoculated were negatively correlated with the line. The population of proteolytic, amylolytic, fluorescent
pseudomonads, heterotrophic bacteria, ciliates and flagellate had better correlation with AM plants in
relation to axis 2. Axis 3 showed more correlation with cellulolytic in non-AM plants and P solubilizing
positioned in the opposite of axis (Figure 1).

In the PCA correlation among functional groups of microorganisms and transgenic in VAR 2 (Figure 2), the
factorial plan considered axes 2 and 3 with the highest variability representation. The variability percentage
presented in axis 2 was 10.1% while in axis 3 it was 71.4%. In VAR 2, the AM fungi also provided a
separation among treatments, regardless of transgeny. Thus, the AM plants showed a positive correlation
with axis 3, while a non-AM plant was negatively correlated with that line. Fluorescent pseudomonads and
P solubilizing showed greater correlation with AM plants, while cellulolytic and amylolytic had an opposite
relation, and correlated with non-AM plants.

The microbial biomass is a reservoir of living nutrients in the soil, such as C, N and P, which are available
by microbial exudates and by lysates after the death of a microbial cell, and can have been influenced by
glyphosate resistant soybean. Indeed, previous work showed that GMs plants may cause changes on soil
organisms and on the processes mediated by them, changing the root exudates and thus interfering in
nodulation, mycorrhization and pathogen establishment (Bohm et al., 2009; Kremer and Means 2009;
Wenke and Lianfeng 2008). In addition, genetic modified wheat changed the rhizosphere population by
selectively stimulating the growth of specific organisms able to use novel proteins released from transgenic
plants (Nakatani et al., 2014; Dunfield and Germida
2004). Similar effects were observed in canola (Brassica nigra) rhizosphere with glyphosate resistance
genes, these changes were dependent on the cultivar used and not on the transgenic (Siciliano and
Germida 1999). The same results were observed in soybean in this study, except for N biomass in VAR 1 and
AM colonization in VAR 2. In contrast, changes caused by transgenic crops in soil biology did not differ
gualitatively and quantitatively when compared with human activities or natural variations in the soil
(Babujia et al., 2016; Givens et al., 2009; Nakatani et al., 2014; Ondreickova et al., 2014; Park et al., 2011).

Soil enzymes

In VAR 1, all the enzyme activities evaluated were not influenced by transgenic plants. However, AM
inoculation influenced most of the enzyme activity except for urease, where no effect was observed. The
AM inhibited the activity of asparaginase, dehydrogenase and phosphatase, and cellulase activity was
improved by AM fungi (Table 3).

In VAR 2, transgenic plants did not show any effect on enzyme activity, except for the increase of cellulase
activity. AM fungi showed different effects. Urease and cellulase activity were improved, and asparaginase
activity highly decreased by AM inoculation. No effects were observed for dehydrogenase and acid
phosphatase (Table 4).

Changes in microbial community composition should influence enzyme activity in the rhizosphere (Paz-
Ferreiro and Fu 2016). The fact that cellulase showed greater activity in AM plants in both varieties may be
related to the microbial activity increase due to the AM effect and competition by soluble C source, and the
low amount of organic matter in soil, which increase enzyme activity to obtain nutrients. In general, high
enzymatic activity can also be linked to a greater efficiency of organic mineralization products from the
roots (Yang et al., 2008).

In PCA, the correlations among enzymatic activity and treatments in VAR 1, the percentage of variability
explained in axis 1 was 71.5%, while in axis 2 it was 7.3%. The AM inoculation provided a separation among
treatments, regardless of transgenic plants. In this case, considering axis 1, which best explains the
variability, the non-AM plants showed a positive correlation with that line, while AM plants were negatively
correlated with that line. Variables dehydrogenase and urease had better correlation with non-AM plants,
while cellulase showed an opposite position and was correlated with AM plants (Figure 3).
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Table 2. Effect of transgenic soybean glyphosate resistant VAR 2 and AM fungi on functional groups of
microorganisms and N biomass after 43 days of germination. AM colonization (AM), fluorescent
pseudomonas (FP), P solubilizing (PS), cellulolytic (Cel), amilolytic (Ami), proteolytic (Prot), ciliate (Cil),
flagellate (Fla), N microbial biomass (N biom).

Treatment AM FP | PS | Cel | Ami | Prot Cil | Fla N biom
(%) log cfu g dry soil™) (log NMP) (ug N g dry soilt)
Plant (n= 60)
Non-GMP 80.50a' 6.16a | 5.39a | 5.68a 5.99a 6.64a 4.13a | 3.12a 12.48a
GMP 64.60b 6.13a | 549 | 5.69a 6.04a 6.59 3.88a | 2.97a 12.34a
AM Fungi
Non-AM - 5.84b | 491b | 6.0la 6.16a 6.47a 3.69b | 2.75a 12.17a
AM - 6.46a | 597a | 5.37b 5.87b 6.77a 4.32a | 3.33a 12.66a
ANOVA (p values)
Plant 0.077 0.854 | 0.626 | 0.912 0.687 0.781 0.327 | 0.708 0.876
<0.0
MA - <0.01 <0.01 <0.01 0.105 0.019 | 0.159 0.964
1
PGM*MA 0.270 | 0.249 | 0.679 0.187 0.597 0.509 | 0.300 0.854

!Means with the same letter are not significantly different byTukey’s test (p< 0.05).
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Figure 1. Factorial plan of Principal Components Analysis (PCA) based on functional groups of soil
microorganisms in the rhizosphere of soybean VAR 1, 43 days after germination. [flagellate (Fla); ciliate
(Cil); proteolytics (Prot); amilolytics (Ami); heterotrophic bacteria (HB); P solubilizing (PS); actinomycetes
(Act); saprophytic fungi (Fungi); fluorescent pseudomonads (FP); cellulolytic (Cel); N biomass (N biom); C
biomass (C biom)] and treatments [C1 N-AM (isogenic non-GM, non-AM, VAR 1); C1 AM (isogenic non-GM,
AM, VAR 1); T1 N-AM: (GM, non-AM, VAR 1); T1 AM (GM, AM, VAR 1)]. Axis 1 = 45.9% and Axis 3 = 33.8%.
The PCA correlations among enzyme activity and treatments in VAR 2, the percentage of variability
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explained in the axis 1 was 21.2%, while in axis 2 it was 65.7%. The inoculation with AM fungi provided a
separation among treatments, regardless of transgenic, in axis 1 and axis 2. In this case, considering axis 2,
that best explains the variability, AM plants showed a positive correlation with that line, while the non-AM
plants were negatively correlated to that line. Asparaginase and acid phosphatase had a better correlation
with non-AM plants, while cellulase and urease showed an opposite position and were correlated with AM
plants. Note that axis 1, which explained a smaller percentage of variability, dehydrogenase and
asparaginase were better correlated with non-AM plants, while the acid phosphatase showed an opposite
position of these variables (Figure 4).

The urease activity did not differ in VAR 1, but in VAR 2. The urease and acid phosphatase activities were
increased in Retama sphaerocarpa inoculated with G. intrarradices (Caravaca et al., 2003). Moreover,
dehydrogenase, asparaginase and acid phosphatase activity were lower in AM plants and the presence of
transgenic did not show any effect. The influence of AM fungi in the acid phosphatase activity is
controversial, Caravaca et al. (2003) reported that AM plants showed high acid phosphatase activity in the
rhizosphere. Otherwise, Joner and Jakobsen (1995) concluded that the acid phosphatase activity was not
directly influenced by AM fungi, but by the change in exudates caused by AM-plant association.

Plant growth

The parameters related to the BNF showed no significant differences when compared GMs with non-
GMs in VAR 1. However, the AM colonization increased nodules fresh and dry weight as well as nodules
number, which showed higher differences when compared with non-AM plants. No differences were
observed for transgenic plants in VAR 2, but AM fungi improved fresh and dry weight as well as nodules
number.
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Figure 2. Factorial plan of Principal Components Analysis (PCA) based on functional groups of soil
microorganisms in the rhizosphere of soybean VAR 2, 43 days after germination. [flagellate (Fla); ciliate
(Cil); proteolytics (Prot) ; amilolytics (Ami); heterotrophic bacteria (HB); P solubilizing (PS); actinomycetes
(Act); saprophytic fungi (Fungi); fluorescent pseudomonads (FP); cellulolytic (Cel); N biomass (N biom); C
biomass (C biom)] and treatments [C2 N-AM (isogenic non-GM, non-AM, VAR 2); C2 AM (isogenic non-GM,
AM, VAR 2); T2 N-AM: (GM, non-AM, VAR 2); T2 AM (GM, AM, VAR 2)]. Axis 2 = 10.1% and Axis 3 = 71.4%.
The transgenic did not affect plant growth, but AM inoculation increased shoot fresh and dry weight in
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VAR 1.The same results were observed in VAR 2, except for shoot dry weight, where no differences were
observed.

In the PCA, the correlation among plant growth and treatments in VAR 1, the percentage of variability
explained in axis 1 was 67.8%, while in axis 2 it was 26.1%. The presence of AM fungi provided a separation
between treatments, regardless of transgenic plants. The AM plants showed a positive correlation with axis
1, while the non-AM plants showed an opposite position. All variables showed better correlation with the
AM fungi for axis 1. Analyzing axis 2, the total and specific root length were correlated better with on-AM
plants (Figure 5).

In the ACP correlation among plant growth and treatments in VAR 2, the factorial plan was presented
considering axis 2 and 3, which had the highest representation of variability. The percentage of variability
explained in axis 2 was 34.6%, while in axis 3 it was 53.9%. In VAR 2, AM plants also provided a separation
between treatments, regardless of transgenic plants. Thus, the AM plants showed a positive correlation
with axis 3, while non-AM plants were negatively correlated with that line. The variables related to the
shoot had a better correlation with AM plants, while the root fresh weight showed opposite position,
correlating better with the non-AM plants, in relation to axis 3, that best explained the variability.
Observing axis 2, the total and specific root length was correlated better with non-AM plants, while the
variables related to the shoot had an opposite position (Figure 6).

Table 3. Effect of transgenic soybean glyphosate resistant VAR 1 and AM fungi on soil enzymes in the
rhizosphere from C cycling [dehydrogenase (Dhd), cellulase (Ceu)]; N cycling [urease (Ure), asparaginase
(Asp)], and P cycling [acid phosphatase (Aph)] 43 days after germination.

Treatment | Ure | Asp Dhd Aph Ceu
(1g N g dry soil) (UgTFF g dry soilt) |(ug p-nitrophenol g dry soil™) | (ug glicose g dry soil™)
Plant (n= 60)
Non-GMP | 39.40a' | 20.50a 2.56a 190.94a 267.70a
GMP 39.90a 18.60a 1.90a 211.39% 278.93a
AM Fungi
Non-AM 45.90a 25.80a 2.70a 214.12a 217.27b
AM 33.20a 13.30b 1.76b 188.21b 329.35a
ANOVA (p values)
Plant 0.969 0.747 0.067 0.093 0.620
MA 0.277 0.043 <0.01 0.034 <0.01
PGM*MA | 0.362 0.208 0.476 0.547 0.529

!Means with the same letter are not significantly different byTukey’s test (p< 0.05).

It is widely known that AM fungi increases nodule formation in soybean as well as in shoot dry weight and
N fixation (Meghvansi et al., 2008). Therefore, we may conclude that the presence of glyphosate resistance
genes has low effect on the functional groups of microorganisms, where only a few parameters such as N-
biomass in VAR 1 and AM colonization and cellulase activity in VAR 2 had significant differences. However,
AM fungi had great influence on functional groups of microorganisms and soil enzyme activity in the
rhizosphere of transgenic and non-transgenic soybean.

Table 4. Effect of transgenic soybean glyphosate resistant VAR 2 and AM fungi on soil enzymes in the
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, L™

rhizosphere from C cycling [dehydrogenase (Dhd), cellulase (Ceu)]; N cycling [urease (Ure), asparaginase
(Asp)], and P cycling [acid phosphatase (Aph)] at 43 days after germination.

Treatment Ure | Asp Dhd Aph Ceu
(1g N g dry soil) (UgTFF g dry soil™t)  |(ug p-nitrophenol g dry soilt) | (ug glicose g dry soil?)
Plant (n=60)
Non-GMP 36.40a | 15.80a 1.65a 189.99a 269.82b
GMP 45.70a | 16.10a 1.66a 206.15a 342.82a
AM Fungi
Non-AM 31.90b | 24.90a 1.79a 202.01a 253.37b
AM 50.30a | 7.00b 1.52a 203.14a 359.28a
ANOVA (p values)
Plant 0.300 0.950 0.958 0.538 <0.01
MA 0.044 <0.01 0.331 0.922 <0.01
PGM*MA 0.617 0.854 0.209 0.974 0.272

!Means with the same letter are not significantly different byTukey’s test (p< 0.05).
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Figure 3. Factorial plan of Principal Components Analysis (PCA) based on soil enzyme activity in the
rhizosphere of soybean VAR 1 43 days after germination, from C cycling [dehydrogenase (Dhd), cellulase
(Ceu)]; N cycling [urease (Ure), asparaginase (Asp)]; P cycling [acid phosphatase (Aph)] and treatments [C1
N AM (isogenic non-GM, non-AM, VAR 1); C1 AM (isogenic non-GM, AM, VAR 1); T1 N-AM: (GM, non-AM,
VAR 1); T1 AM (GM, AM, VAR 1)]. Axis 1 =71.5% and axis 2 = 7.3%.
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Figure 4. Factorial plan of Principal Components Analysis (PCA) based on soil enzymes activity in the
rhizosphere of soybean VAR 2, 43 days after germination, from C cycling [dehydrogenase (Dhd), cellulase
(Ceu)]; N cycling [urease (Ure), asparaginase (Asp)]; P cycling [acid phosphatase (Aph)] and treatments [C2
N-AM (isogenic non-GM, non-AM, VAR 2); C2 AM (isogenic non-GM, AM, VAR 2); T2 N-AM: (GM, non-AM,
VAR 2); T2 AM (GM, AM, VAR 2)]. Axis 1 =21.2% and axis 2 = 65.7%.
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Figure 5. Factorial plan of Principal Components Analysis (PCA) based on plant growth parameters 43 days
after germination [shoot fresh weight (Shoot fresh); shoot dry weight (Shoot dry); root fresh weight (Root
fresh); root dry weight (Root dry); Total root length, Specific root length] and treatments [C1 N-AM
(isogenic non-GM, non-AM, VAR 1); C1 AM (isogenic non-GM, AM, VAR 1); T1 N-AM: (GM, non-AM, VAR 1);
T1 AM (GM, AM, VAR 1)]. Axis 1 = 67.8% and Axis 2 = 26.1%.
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Figure 6. Factorial plan of Principal Components Analysis (PCA) based on plant growth parameters 43 days
after germination [shoot fresh weight (Shoot fresh); shoot dry weight (Shoot dry); root fresh weight (Root
fresh); root dry weight (Root dry); Total root length, Specific root length] and treatments [C2 N-AM
(isogenic non-GM, non-AM, VAR 2); C2 AM (isogenic non-GM, AM, VAR 2); T2 N-AM: (GM, non-AM, VAR 2);
T2 AM (GM, AM, VAR 2)]. Axis 2 = 34.6% and Axis 3 = 53.9%.

REFERENCES

Andrade G (2004) Role of functional groups of microorganisms on the rhizosphere microcosm dynamics. In:
Varma A, Abbott L, Werner D and Hampp R (eds) Plant Surface Microbiology. Springer-Verlag, Berlin, p. 57-
69.

Babujia LC, Silva AP, Nakatani AS, Cantdo ME, Vasconcelos ATR, Visentainer JV and Hungria M (2016) Impact
of long-term cropping of glyphosate-resistant transgenic soybean [Glycine max (L.) Merr.] on soil
microbiome. Transgenic Research 25: 425-440.

Bohm G, Alves B, Urquiaga S, Boddey RM, Xavier GR, Hax F and Rombaldi CV (2009) Glyphosate- and
imazethapyr-induced effects on vyield, nodule mass and biological nitrogen fixation in field-grown
glyphosate-resistant soybean. Soil Biology and Biochemistry 41: 420-422.

Bonny S (2011) Herbicide-tolerant transgenic soybean over 15 years of cultivation: Pesticide use, weed
resistance, and some economic issues. The case of the USA. Sustainability 3:1302-1322.

Caravaca F, Alguacil MM, Figueroa D, Barea JM and Roldan A (2003) Re-establishment of Retama
sphaerocarpa as a target species for reclamation of soil physical and biological properties in a semi-arid
Mediterranean area. Forest Ecology Management 182:49-58.

Casida JLE, Klein DA and Santoro T (1964) Soil dehydrogenase activity. Soil Science 98: 371-376.

Duke SO, Lydon J, Koskinen WC, Moorman TB, Chaney RL and Hammerschmidt R (2012) Glyphosate effects
on plant mineral nutrition, crop rhizosphere microbiota, and plant disease in glyphosate-resistant crops.
Journal of Agricultural and Food Chemistry 60: 10375-10397.

Dunfield KE and Germida JJ (2004) Impact of GM Crops on microbial Biodiversity. Journal of Environmental
Quality 33: 806-815.

Agronomy Science and Biotechnology, Volume 5, Issue 1, Pages 11-23, 2019



y L™

FAO (1994) Soil map of the world. Revised legend with corrections. FAO UNESCO, Wageningen: ISRIC, 140p.

Ferreira LHPL, Molina JC, Brasil C and Andrade G (2003) Evaluation of Bacillus thuringiensis bioinsecticidal
protein effects on soil microorganisms. Plant and Soil 256: 161-168.

Frankenberger WT and Tabatabai MA (1982) Amilase and urease activities in plants. Plant and Soil 64: 153-
166.

Giovanetti M and Mosse B (1980) Evalution of techniques for measuring vesicular-arbuscular micorrhizal
infections in roots. New Phytologist Journal 84: 489-500.

Givens WA, Shaw DR, Kruger GR, Johnson WG, Weller SC, Young BG, Wilson RG, Owen MDK and Jordan D
(2009) Survey of tillage trends following the adoption of glyphosate-resistant crops. Weed Technology 23:
150-155.

Guan Z, Lu S, Huo Y, Guan Z-P, Liu B, Wei W (2016) Do genetically modified plants affect adversely on soil
microbial communities? Agriculture, Ecosystems and Environment 235: 289-305.

Icoz | and Stotrzky G (2008) Fate and effects of insect-resistant Bt crops in soil ecosystems. Soil Biology and
Biochemistry 40: 559-586.

Joner EJ and Jakobsen | (1995) Growth and extracellular phosphatase activity of arbuscular mycorrhizal
hyphae as influenced by soil organic matter. Soil Biology and Biochemistry 27: 1153-1159.

Kaschuk G, Alberton O and Hungria M (2010) Three decades of soil microbial biomass studies in Brazilian
ecosystems: Lessons learned about soil quality and indications for improving sustainability. Soil Biology and
Biochemistry 42: 1-13.

Katoh K and Itoh K (1983) New selective media for Pseudomonas strais producing fluorescent pigment. Soil
Science and Plant Nutrition 29: 525-532.

Kister E and Williams ST (1964) Selection of media for isolation of streptomycetes. Nature 202: 928-929.
Kremer RJ and Means NE (2009) Glyphosate and glyphosate-resistant crop interactions with rhizosphere
microorganisms. Europena Journal of Agronomy 31: 153-161.

Liang J, Sun S, Ji J, Wu H, Meng F, Zhang M, Zheng X, Wu C and Zhang Z (2014) Comparison of the
rhizosphere bacterial communities of zigongdongdou soybean and a high-methionine transgenic line of this
cultivar. PloS One 9: €103343.

Lu H, Wu W, Chen Y, Zhang X, Devare M and Thies JE (2010) Decomposition of Bt transgenic rice residues
and response of soil microbial community in rapeseed-rice cropping system. Plant Soil 336: 279-290.

Marinho CD, Martins FJ, Amaral Junior AT, Gongalves LS, dos Santos OJ, Alves DP, Brasileiro BP and
Peternelli LA (2014) Genetically modified crops: Brazilian law and overview. Genetics and Molecular
Research 13: 5221-5240.

Meghvansi MK, Prasad K, Harwani D and Mahna SK (2008) Response of soybean cultivars toward
inoculation with three arbuscular mycorrhizal fungi and Bradyrhizobium japonicum in the alluvial soil.
European Journal of Soil Biology 44: 316-323.

Motavalli PP, Kremer RJ, Fang M and Means NE (2004) Impact of genetically modified crops and their
management on soil microbially mediated plant nutrient transformations. Journal of Environmental Quality
33:816-824.

Nakatani AS, Fernandes MF, De Souza RA, Da Silva AP, Dos Reis-Junior FB, Mendes IC and Hungria M (2014)

Effects of the glyphosate-resistance gene and of herbicides applied to the soybean crop on soil microbial
biomass and enzymes. Field Crops Research 162: 20-29.

Agronomy Science and Biotechnology, Volume 5, Issue 1, Pages 11-23, 2019



. L™

Newman El (1966) A method for estimating the total length of root in a sample. Journal of Applied Ecology
3:139-145.

Ondreickova K, Mihalik D, Ficek A, Hudcovicova M, Kraic J and Drahovska H (2014) Impact of genetically
modified maize on the genetic diversity of rhizosphere bacteria: a two-year study in Slovakia. Polish Journal
of Ecology 62: 67-76.

Paz-Ferreiro J and Fu S (2016). Biological indices for soil quality evaluation: perspectives and limitations.
Land Degradation and Development 27: 14-25.

Phillips JM and Hayman AS (1970) Improved procedures for clearing roots and staining parasitic and
vesicular-arbuscular mycorrhizal fungi for assessment of infection. Transactions of the British Mycological
Society 55: 158-161.

Pontecorvo G, Roper JA, Chemmons LM, Macdonald KD and Bufton AWJ (1953) The genetic of Aspergillus
nidulans. Advances in Genetics 5:141-238.

Pontiroli A, Simonet P, Frostegard A, Vogel TM and Monier JM (2007) Fate of transgenic plant DNA in the
environment. Environmental Biosafety Research 6:15-35.

Park JR, McFarlane |, Phipps RH and Ceddia G (2011) The role of transgenic crops in sustainable
development. Plant Biotechnology Journal 9: 2-21.

Schinner F and von Mersi W (1990) Xylanase-, CM-cellulase and invertase activity in soil: an improved
method. Soil Biology and Biochemistry 22: 511-515.

Sessitsch A, Gyamfi S, Tscherko D, Gerzabek MH and Kandeler E (2004) Activity of microorganisms in the
rhizosphere of herbicide treated and untreated transgenic glufosinate-tolerant and wild-type oilseed rape
grown in containment. Plant and Soil 266: 105-116.

Siciliano SD and Germida JJ (1999) Taxonomic diversity of bacteria associated whit the roots of field-grown
transgenic Brassica napus cv. Quest, compared to the non transgenic B. napus cv. Excel and B. rapa cv.
Parkland. FEMS Microbiology Ecology 29:263-272.

Sylvester-Bradley R, Akasawa N, La Torranca S, Magalhdes FMM, Oliveira LA and Pereira RM (1982)
Levantamento quantitativo de microrganismos solubilizadores de fosfato na rizosfera de gramieas e
leguminosas forrageiras na Amazoénia. Acta Amazobnica 12: 15-22.

Tabatabai MA and Bremner JM (1969) Use of r-nitrofenol phosphate for assay of soil phosphatase activity.
Soil Biology and Biochemistry 1: 301-307.

Tabatabai MA and Bremner JM (1972) Assay of urease activity in soil. Soil Biology and Biochemistry 4: 479-
487.

Tsatsakis AM, Nawaz MA, Kouretas D, Balias G, Savolainen K, Tutelyan VA, Golokhvast KS, Lee JD, Yang SH
and Chung G (2017). Environmental impacts of genetically modified plants: A review. Environmental
Research 156: 818-833.

Vance ED, Brookes PC and Jenkinson DS (1987) An extraction method for measuring soil microbial biomass
C. Soil Biology and Biochemistry 19: 703-707.

Vincent JM (1970) Manual for the pratical study of root nodule bacteria. Burgues and Son, Oxford, 64p.
Wood PJ (1980) Specify in the interactions of direct dyes with polysaccharides. Carbohydrate Research 85:
271-287.

Wenke L and Lianfeng D (2008) Interactions between Bt transgenic crops and arbuscular mycorrhizal fungi:
a new urgent issue of soil ecology in agroecosystems. Acta Agriculturae Scandinavica Section B - Plant and

Agronomy Science and Biotechnology, Volume 5, Issue 1, Pages 11-23, 2019



. L™

Soil Science 58: 187-192.

Woomer PL (1994) Most probable number counts. In: Weaver RW, Angle S, Bottomley P, et al A (eds)
Methods of Soil Analysis. Part 2. Microbiological and Biochemical Properties. Soil Science Society of
America, Madison, p. 59-79.

Yang L, Li T, Li F, Lemcoff JH and Cohen S (2008) Fertilization regulates soil enzymatic activity and fertility
dynamics in a cucumber field. Scientia Horticulturae 116: 21-26.

Received: July 14, 2017.
Accepted: February 21, 2018.
Published: December 28, 2018.

Agronomy Science and Biotechnology, Volume 5, Issue 1, Pages 11-23, 2019



