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Abstract 

 
Conventional breeding and modern biotechnology tools have been successfully combined over the years to 

generate GM crops. Single events have been crossed to generate stacked products and these combinations 

have proven to be an effective way to combine different gene products and associated characteristics which 

are agronomically relevant and result in a yield increase. Regulatory agencies around the world still require 

risk assessment data for these products while no evidence-based additional biosafety concerns have 

emerged in over 20 years of global use. As part of the environmental risk assessment to evaluate the 

biosafety of GMOs, the Brazilian regulatory agency requests biomass degradation analyses of GM plants 

compared to their conventional counterparts. Here we present results on the evaluation of biomass 

degradation of GM and non-GM crops for soybean, maize and cotton, including single events and stacked 

products. Field trials were performed in representative cultivated areas in Brazil to generate biomass 

samples after harvest. The degradation studies were conducted on the plant consisting of stalks, senescent 

leaves and stems after harvest. Collected samples in different growing seasons were used in degradation 

studies conducted in a greenhouse. For each product, data was subjected to analysis of variance and pairwise 

differences between GM and conventional counterparts were assessed with a 5% significance level. Our 

results show that single events and stacked products of soybean, maize and cotton presented no significant 

differences from their conventional counterparts for biomass degradation. This adds to the existing weight 

of evidence that indicates that single and stacked GM crops follow the same pattern of biomass degradation 

compared to conventional counterparts. 

Keywords: Biomass degradation, genetically modified products, environmental risk assessment, soybean, 

maize, cotton. 

 

1. Introduction 

 

Humankind has been selecting for better 

agronomic plant characteristics over 10,000 years 

and conventional breeding has played a pivotal 

role in this process (McCouch, 2004). Even 

though traditional plant breeding has been crucial 

to ensure the genetic diversity and improve 

varieties of domesticated species (Swarup et al., 

2021), genetic modification can introduce new 

agronomic traits that would not naturally occur. 

Thus, genetic modification has been an important 

                                                           
1 Corresponding author: Hallison Vertuan- hallison.vertuan@bayer.com 

tool of modern biotechnology for the specific 

introduction of desired traits in agricultural crops 

(Glenn et al., 2017; Halpin, 2005; James, 2010; 

Raman, 2017), leading to substantial 

improvements in insect and weed control and 

allowing for other desired characteristics. 

 

Genetically modified (GM) crops are indeed 

credited to result in increased yields without 

compromising food/feed security (ISAAA, 

2018), also bringing environmental benefits 

associated with cuts in fuel use and tillage 

changes which resulted in a significant reduction 
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in the release of greenhouse gas emissions, while 

still providing production growth and food 

security (Brookes, 2020; Brookes and Barfoot, 

2018). 

 

The use of conventional breeding and modern 

biotechnology in order to generate multiple GM 

traits in the same plant (stacked products) with 

two or more single events results in a convenient 

way to combine distinct characteristics to 

improve flexibility, performance and 

productivity (Glenn et al., 2017; James, 2010; 

Smyth, 2020; Vertuan et al., 2017).      

 

However, the commercial release of GM crops 

involves a considerable investment of resources 

(time and money) and robust data packages. From 

trait discovery to the commercial approval of a 

single product, developers invest approximately 

US$ 136 million and 13 years of research and 

data generation (McDougall, 2011). Extensive 

studies prior to commercialization are needed to 

attend specific requirements from biosafety 

legislations in different countries, where 

generated data is presented to regulatory agencies 

for risk evaluation and approval in order to a 

product to reach the market (Craig et al., 2008; 

De Schrijver et al., 2007; Kramer et al., 2016). 

 

Studies have demonstrated that single events and 

stacked products represent no greater risk 

compared to their conventional counterparts 

when different characteristics were evaluated 

(Bell et al., 2018; Berman et al., 2011; de 

Cerqueira et al., 2017; Gampala et al., 2017; 

Goodwin et al., 2021; Herman et al., 2017; 

Marques et al., 2018; Raybould et al., 2012; 

Ridley et al., 2011; Venkatesh et al., 2014) and 

there is scientific consensus that genetic 

engineering methods are safe (Herman et al., 

2017). Jose et al. (2020) demonstrated there were 

no differences in agronomic and phenotypic plant 

characteristics between single-event and stacked 

products when compared to their conventional 

counterparts, for soybean, maize and cotton. 

Finally, Clawson et al. (2019) provided evidence 

showing that risk assessment outcomes were 

consistent between single-event and 

conventionally-bred stacked maize products.  

 

As part of the environmental risk assessment 

(ERA) to evaluate the biosafety of genetically 

modified organisms (GMOs), the Brazilian 

regulatory agency CTNBio (National Technical 

Biosafety Commission) requests biomass 

degradation analyses of GM plants compared to 

their conventional counterparts to be presented as 

part of the commercial approval process for these 

technologies (CTNBio, 2008). Research 

presented in this manuscript includes multiple 

years of greenhouse data assessment on biomass 

degradation in samples collected from 

conventional, single-event, and stacked products 

of soybean (Glycine max), maize (Zea mays) and 

cotton (Gossypium hirsutum) cultivated in Brazil. 

Table 1 Field trial locations where samples were generated and associated characteristics 

Location State; Region Altitude (m) Climate Crop cultivationa 

Não-Me-Toque Rio Grande do Sul; South 500 Subtropical Soybean, maize 

Rolândia Paraná; South 600 Tropical 
Soybean, maize, 

cotton 

Santa Cruz das Palmeiras São Paulo; Southeast 650 Tropical 
Soybean, maize, 

cotton 

Cachoeira Dourada Minas Gerais; Southeast 450 Tropical 
Soybean, maize, 

cotton 

Luís Eduardo Magalhães Bahia; Northeast 825 Tropical 
Soybean, maize, 

cotton 

Sorriso Mato Grosso; Central-West 360 Tropical 
Soybean, maize, 

cotton 
a Cultivation of crops in each region. Soybean and maize are cultivated in all locations where trials were 

performed. Cotton is not cultivated in Rio Grande do Sul state. 
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2. Materials and methods 

 

2.1 Field trials and sample production 

 

Biomass samples were collected in field trials 

performed in 5 to 6 locations for maize and 5 

locations for soybean and cotton (Table 1) in 

different growing seasons.  Figure 1 demonstrates 

the different ecoregions where samples were 

collected, representing a diverse range of 

geography, climate classes and wide range of soil 

properties (Agriculture & Food Systems Institute, 

2020). The field trials were set up in a 

randomized complete block design (RCBD) with 

four replications. For all crops and, in each 

location, GM materials, conventional controls 

(with the same genetic background) and four 

commercial references were cultivated in the 

trials. Variation in planting, collection and 

harvesting dates were expected, since the trial 

locations are widespread across Brazil. Crop 

maintenance in each location followed the most 

adopted commercial practices for each region. 

All studies were conducted with prior 

authorization from CTNBio, the local federal 

regulatory body responsible for handling matters 

related to genetically modified organisms, 

including the GM crops that were under regulated 

status when the studies were conducted. The 

biomass samples were collected in the following 

growth stages that represents harvest maturity: 

R8 for soybeans, R6 for maize and, after boll 

collection for cotton. The plants consisting of 

stalks, senescent leaves and stems after harvest 

were considered the biomass assessed and 40 

plants per material were collected (10 plants per 

repetition) and placed together. After collection, 

samples were chopped with a tractor-mounted 

thresher (model JF 80, JF Máquinas, Itapira-SP, 

Brazil) through a 0.5 mm sieve and packed in pre-

labeled containers. Between samples processing, 

compressed air was used to clean the equipment 

to avoid cross contamination.  Samples in each 

station were dried in a kiln at 60 °C for 72 hours 

to prevent mold spreading and stored and shipped 

in ambient conditions prior to incubation. 

Samples from different locations were shipped to 

Santa Cruz das Palmeiras research station. The 

biomass samples were used in degradation 

studies conducted in a greenhouse at the Santa 

Cruz das Palmeiras (SP) field station after each 

harvest. The single-event and stacked products 

tested are listed in Table 2. The sampling 

location, growing season where samples were 

collected, and number of plots are presented in 

Supplementary Material (Table S1). The single-

event, stacked product, conventional control and 

commercial references were grown at each 

location for biomass production.  

 

2.2 Incubation and sampling 

 

After sample production in each season across 

locations, biomass containers of each material 

were shipped to the Santa Cruz das Palmeiras 

field station for preparation. Before incubation 

with biomass, soil samples were collected in 

Santa Cruz das Palmeiras, air-dried, sieved and 

stored in an open container with a room 

temperature to maintain the natural microbial and 

fungal population. Soil samples were classified as 

red latosol with the following characteristics: pH 

(H2O) 5.3, 63.2% of clay, 15.5% of silt, 21.3% of 

sand, 2.8% of organic matter, 2.1 cmolc/dm3 of 

Ca, 0.5 cmolc/dm3 of Mg, 0.57 cmolc/dm3 of K 

and 23.2 mg/dm3 of P (Melich). Soil samples 

analyzed for microbiology attributes reveled a 

range of 2.2×106 – 5.3×106 for bacteria, 3.2×104 – 

4.5×104 for fungi and 2.7×105 – 1.6×106 for 

actinomycetes. The biomass samples from GM 

crops, conventional and commercial references 

were mixed with soil at a proportion of 10% (10 

g of biomass sample and 90 g of soil sample) and 

deposited in previously labeled containers. A 

rigid polysterene cup without cap was used as a 

container.  Before mixing, biomass and soil 

moisture were determined by weighing aliquots 

of each material and drying them in a kiln at 60 

°C for 72 hours or until constant mass was 

observed based on a similar methodology 

proposed by Calonego et al. (2012). The average 

of crop biomass moisture observed prior drying 

was between 7.3 to 9.4% in average.  This 

allowed for correct mass calculation, considering 

the initial soil and biomass moisture that could 

have been added to materials due to storage 

before incubation. The containers with soil and 

biomass mixture were incubated in greenhouse 

under controlled conditions (temperature 

between 26-28 oC, approximately 70% of air 

humidity and natural light). The experiments 
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were set up in a randomized complete block 

design (RCBD) with three/four replicates 

(depending on year/product). The number of 

replications were described in Table S1. Water 

was applied weekly to sustain moisture based on 

field moisture capacity. Samples were collected 

at 30, 60, and 90 days after incubation (DAI). 

After collection, samples (soil + biomass) in each 

collection time were dried in a kiln at 60 °C for 

72 hours or until constant mass. Dried samples 

were weighted on a calibrated scale. The mass 

difference between initial incubated sample (day-

zero) and collected sample at 30, 60 and 90 DAI 

was considered as degraded biomass. The 

percentage of degradation was estimated using 

the following equation: 

 % 𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 = (Δ𝑖 − Δ𝑓 Δ𝑖⁄ ) × 100 

where Δ𝑖 is the initial mass and Δ𝑓 is the final 

mass. Initial soil and biomass moisture values 

were subtracted from the respective total initial 

mass values to adjust the final sample mass. This 

study aimed to understand if the biomass of GM 

and conventional plants follow the same pattern 

of degradation in the same condition under a 

controlled environment. No mechanistic 

elements were explored. 

 

 
 

Fig. 1 Locations where samples were collected. Ecoregions defined by Agriculture & Food 

Systems Institute (2020) 
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Table 2 Single and stacked events assessed for biomass degradation 

Crop Single/stacked products Trait 
Corresponding transgenic  

gene product 

Soybean MON 87751 Insect resistance IR: Cry1A.105, Cry2Ab2 

 MON 87708 Herbicide tolerance HT: DMO 

 MON 87701 Insect resistance IR: Cry1Ac 

 MON 89788 Herbicide tolerance HT: CP4 EPSPS 

  MON 87751 × MON 87701 ×  

MON 87708 × MON 89788 
Insect resistance IR: Cry1A.105, Cry2Ab2, Cry1Ac 

  and herbicide tolerance HT: DMO, CP4 EPSPS 

Maize MON 87411 Insect resistance IR: Cry3Bb1, DvSnf7 

  and herbicide tolerance HT: CP4 EPSPS 

 MON 87427 Herbicide tolerance HT: CP4 EPSPS  
MON 89034 Insect resistance IR: Cry1A.105, Cry2Ab2  
MON 89034 × MIR162 Insect resistance IR: Cry1A.105, Cry2Ab2, Vip3Aa 

 MON 87427 Herbicide tolerance HT: CP4 EPSPS 

 MON 89034 Insect resistance IR: Cry1A.105, Cry2Ab2 

 MON 87411 Insect resistance IR: Cry3Bb1, DvSnf7 

  and herbicide tolerance HT: CP4 EPSPS 

 MON 87427 × MON 89034 ×  

MIR162 × MON 87411 

Insect resistance 

and herbicide tolerance 

IR: Cry1A.105, Cry2Ab2, Vip3Aa, 

Cry3Bb1, DvSnf7 

  HT: CP4 EPSPS  
MON 95379 Insect resistance IP: Cry1B.868, Cry1Da_7 

 MON 87429 Herbicide tolerance HT : CP4 EPSPS, DMO, FT_T, PAT 

Cotton MON 15985 Insect resistance IR: Cry1Ac, Cry2Ab2  
MON 88913 Herbicide tolerance HT: CP4 EPSPS  
COT102 × MON 15985 × 

MON 88913 
Insect resistance IR: Vip3Aa, Cry1Ac, Cry2Ab2 

  and herbicide tolerance HT: CP4 EPSPS 

 MON 88701 Herbicide tolerance HT: DMO, PAT 

 MON 88913 × MON 88701 Herbicide tolerance HT: DMO, CP4 EPSPS, PAT 

 COT102 × MON 15985 ×  

MON 88913 × MON 88701 
Insect resistance IR: Vip3Aa, Cry1Ac, Cry2Ab2 

  and herbicide tolerance HT: CP4 EPSPS, DMO, PAT 

Products are indicated by their event codes. Each biotechnology-derived trait (IR: insect resistance; HT: herbicide 

tolerance) is indicated per single or stacked product, as well as corresponding transgenic gene product. CP4 EPSPS: 

Agrobacterium tumefaciens (strain CP4) 5-enolpyruvylshikimate-3-phosphate synthase (tolerance to glyphosate 

herbicide); Cry (various proteins): Bacillus thuringiensis (different strains), Cry δ-endotoxins (resistance to 

lepidopteran/coleopteran insects); DMO: Stenotrophomonas maltophilia (strain DI-6), dicamba mono-oxygenase 

(tolerance to dicamba herbicide); DVSnf7: Diabrotica virgifera virgifera double-stranded RNA transcript containing 

a 240 bp fragment of the Diabrotica species Snf7 gene (resistance to specific Coleopteran insects); PAT: 

Streptomyces hygrosopicus phosphinothricin N-acetyltransferase (tolerance to glufosinate herbicide); Vip3Aa: 

Bacillus thuringiensis (strain AB88) vegetative insecticidal protein (lepidopteran insect resistance); FT_T: 

Sphingobium herbicidovorans dioxygenase protein (tolerance to 2,4-d and FOPs). All gene products are proteins, 

except for the double-stranded RNA molecule DvSnf7.  
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2.3 Variance components analyses 

 

Combined site analyses between GM materials 

and their conventional control were performed. 

Analysis of variance (ANOVA) was performed 

and pairwise differences between GM and their 

conventional counterparts were tested by t-test at 

the 5% level of significance (α = 0.05).  

 

The combined site analysis was conducted 

according to the following model for a 

randomized complete block design, using JMP® 

12 software: 

 

Yijk

= μ + Si + R(S)j(i) + Mk + (SM)ik

+ εijk                                                                          

where:  

Yijk is the observed response for the kth material 

in the jth replicate of the ith site; 

μ is the overall mean; 

Si is the random effect of the ith site; 

R(S)j(i) is the random effect of the jth replicate 

nested with the ith site; 

Mk is the fixed effect of the kth treatment (GM and 

conventional control); 

(SM)ik is the random effect of the interaction 

between the ith site and kth treatment (GM and 

conventional control); 

εijk is the residual error. 

 

Reference ranges were obtained from the 

combined-site of minimum and maximum overall 

mean values observed for reference materials 

across locations. When significant differences 

between GM and conventional control were 

detected, the GM mean value was compared to 

the reference range and observed if the value was 

within the range. The commercial references 

cultivated in these studies represented the natural 

variability of biomass degradation. 

 

ERA studies typically make use of pairwise 

comparisons between GM products and their 

conventional counterparts to evaluate mean 

values. Some authors used this statistical analysis 

approach to compare the means between GM 

crops versus conventional control (Clawson et al., 

2019; Díaz et al., 2017; Jose et al., 2020). 

 

3. Results 

 

3.1 Soybean biomass degradation 

 

Biomass samples were collected in Não-Me-

Toque, Rolândia, Santa Cruz das Palmeiras, 

Cachoeira Dourada and Luís Eduardo Magalhães 

field stations. The comparisons between GM 

soybean (single and stacked) events and the 

corresponding conventional counterparts 

revealed no significant differences (Table 3) 

among 15 comparisons that were made.  

 

Table 3 Percentage of biomass degradation in soybean single-event and stacked products compared to 

conventional control 

Material 
30 DAIb 60 DAI 90 DAI 

Average % (SE)c 

MON 87751 24.6 (2.3) 34.0 (3.3) 40.0 (4.0) 

MON 87708 26.0 (2.3) 33.9 (3.7) 45.8 (4.6) 

MON 87701 23.5 (2.8) 27.9 (4.5) 37.4 (5.5) 

MON 89788 23.0 (3.2) 25.9 (4.1) 31.7 (4.5) 

MON 87751 × MON 87701 × 

MON 87708 × MON 89788 
15.6 (2.5) 20.8 (3.7) 32.3 (5.2) 

Conventional control 19.6 (2.5) 24.9 (2.7) 39.6 (4.0) 

Reference range 

 (Min-Max)d 
4.5 – 39.1 1.4-62.3 13.6 – 66.7 

a Number of locations where materials were cultivated and sampled. b DAI = days after incubation. c SE = 

standard error. d Minimum and maximum reference range average. 
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Table 4 Percentage of biomass degradation in maize single-event and stacked products compared to 

conventional control 

Material 
30 DAIb 60 DAI 90 DAI 

Average % (SE)c 

MON 87411 33.3 (6.2) 38.3 (5.8) 45.5 (6.3) 

Conventional control 30.6 (5.9) 37.1 (5.8) 46.9 (6.5) 

Reference range 

 (Min-Max)d 
4.3-55.1 11.6-63.8 19.4-69.6 

MON 87427 15.0 (2.7) 23.1 (5.2) 17.4 (3.2) 

Conventional control 16.1 (2.5) 26.6 (4.2) 22.6 (4.2) 

Reference range 

 (Min-Max)d 
3.0-34.7 4.5-45.8 7.6-39.1 

MON 89034 45.4 (3.4) 51.2 (1.5) 56.7 (1.2) 

MON 89034 × MIR162 42.0 (2.6) 49.1 (1.6) 55.5 (1.3) 

Conventional control 43.4 (2.4) 51.9 (1.3) 57.1 (0.7) 

Reference range 

 (Min-Max)d 24.2-62.5 37.6-59.1 44.7-61.6 

MON 87427 29.0 (1.5) 51.9 (2.7) 58.1 (2.3) 

MON 89034 25.5 (1.4)* 48.2 (2.6) 57.1 (2.6) 

MON 87411 32.4 (1.5) 52.9 (2.5) 60.4 (2.5) 

MON 87427 × MON 89034 × 

MIR162 × MON 87411 
30.9 (1.7) 54.7 (2.3) 57.1 (2.1) 

Conventional control 33.0 (2.0) 49.3 (2.2) 60.8 (2.2) 

Reference range 

 (Min-Max)d 
22.9-57.8 38.3-60.6 50.5-70.7 

MON 95379 30.0 (1.1) 40.1 (1.7) 47.3 (1.6) 

Conventional control 30.2 (1.1) 41.5 (1.5) 47.5 (1.5) 

Reference range 

 (Min-Max)d 
21.3-42.7 27.9-55.5 30.5-58.2 

MON 87429 26.3 (1.1) 33.0 (1.2) 34.2 (1.6) 

Conventional control 26.4 (1.1) 32.9 (1.3) 35.3 (1.5) 

Reference range 

 (Min-Max)d 
17.0-31.4 20.5-38.7 21.9-40.8 

*Indicates significant difference (p<0.05) between GM and conventional control. a Number of locations 

where materials were cultivated and sampled. b DAI = days after incubation. c SE = standard error. d Minimum 

and maximum reference range average.  

 

3.2 Maize biomass degradation 

 

Biomass samples were collected in Não-Me-

Toque, Rolândia, Santa Cruz das Palmeiras, 

Cachoeira Dourada, Sorriso and Luís Eduardo 

Magalhães field stations, except for the stacked 

product MON 87427 × MON 89034 × MIR162 × 

MON 87411 and it singles that biomass samples 

were collected in Não-Me-Toque, Rolândia, Santa 

Cruz das Palmeiras, Cachoeira Dourada and 

Sorriso field stations. The comparisons between 

GM maize (single and stacked) events and the 

corresponding conventional counterparts revealed 

no significant differences (Table 4) among 29 

comparisons that were made. The only exception 

was the biomass degradation for MON 89034 at 

30 days after incubation, which presented a lower 

mean value when compared to the conventional 

control. However, this value was within the 

reference range. 

 

3.2 Cotton biomass degradation 

 

Biomass samples were collected in Rolândia, 

Santa Cruz das Palmeiras, Cachoeira Dourada, 

Sorriso and Luís Eduardo Magalhães locations. 
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Table 5 shows the comparisons between GM 

cotton (single and stacked) events and the 

corresponding conventional counterparts. No 

significant differences were found for any of the 

comparisons between materials. 

 

 

Table 5 Percentage of biomass degradation in cotton single-event and stacked products compared to 

conventional control 

Material 
30 DAIb 60 DAI 90 DAI 

Average % (SE)c 

MON 15985 34.5 (3.9) 56.1 (5.5) 57.9 (4.0) 

MON 88913 35.5 (4.4) 54.2 (4.7) 53.4 (6.4) 

COT102 × MON 15985 × 

MON 88913 
36.9 (6.4) 54.2 (3.6) 59.0 (3.7) 

Conventional control 31.3 (3.9) 55.3 (5.0) 54.2 (5.2) 

Reference range 

 (Min-Max)d 
15.3-61.9 33.9-80.6 21.9-81.9 

MON 88701 11.9 (2.9) 14.7 (3.9) 24.3 (6.4) 

Conventional control 16.4 (4.1) 16.9 (4.3) 26.1 (7.7) 

Reference range 

 (Min-Max)d 
4.5-29.2 1.5-38.9 6.1-47.2 

MON 88701 × MON 88913 23.3 (1.1) 31.5 (1.3) 36.8 (1.6) 

COT102 × MON 15985 × 

MON 88913 × MON 88701 
22.1 (1.3) 29.6 (1.7) 33.8 (2.1) 

Conventional control 22.4 (1.2) 29.4 (1.2) 34.7 (1.5) 

Reference range 

 (Min-Max)d 15.7-28.8 21.1-38.9 23.9-44.5 

a Number of locations where materials were cultivated and sampled. b DAI = days after incubation. c SE = 

standard error. d Minimum and maximum reference range average. 

 

4. Discussion 

 

Different aspects of products derived from 

modern biotechnology may be taken into 

consideration from a biosafety standpoint. The 

commercial approval process of GM crops in 

Brazil requires applicants to address 

environmental risk assessment questions 

considering different safety aspects and the data 

package undergoes a rigorous scientific 

evaluation before CTNBio grants commercial 

release approval. The possible modifications of 

the biodegradability of the GM plant compared to 

conventional counterpart is one of the questions 

asked by the Brazilian authority. 

 

As soon as biomass gets to the soil, the 

decomposition process initiates as the biomass is 

incorporated into, or is kept over the soil, leading 

to the transformation of plant residues into 

organic matter. It is understood that organic 

matter transformation is essentially mediated by 

a plethora of soil microorganisms that act upon 

plant residues (Becker et al., 2014). A large 

portion of the biomass is degraded by the soil 

microbiota, and the previously published 

literature demonstrates that the cultivation of GM 

crops does not impact microbial soil activity 

when compared to conventional counterparts (de 

Souza et al., 2008; de Souza, 2013; Fernandes et 

al., 2019; Li et al., 2011; Ma et al., 2011; 

Miethling-Graff et al., 2010), indicating no 

increased environmental risk. The Cry1Ab 

protein in root exudates and biomass of Bt maize 

appears not to be toxic to earthworms, 

nematodes, protozoa, bacteria, and fungi (Saxena 

and Stotzky, 2001).  

 

Furthermore, the field research has demonstrated 

that gene products produced by GM crops do not 

persist in soil following cultivation. Dubelman et 

al. (2005) and Gruber et al. (2012) assessed the 

https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.21423/JRS.REGSCI.111186
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GM maize producing the Cry1Ab protein in 

different soils in a long-term cultivation over 3 

and 9 growing seasons, respectively. No 

experimental evidence for accumulation and 

persistence and insect toxicity in soils were 

observed across years. A similar result obtained 

by Shan et al. (2014) after 3 years of continuous 

planting of GM maize expressing Cry1F protein 

was observed, representing no accumulation of 

protein in the soil. The amount of protein 

accumulated as a result of continuous use of 

transgenic Bt cotton expressing Cry1Ac protein, 

and subsequent incorporation of plant residues 

into the soil, does not result in detectable 

biological activity (Head et al., 2002) after 6 

years of cultivation. Sims & Ream (1997) 

observed that CryIIA insecticidal protein within 

transgenic cotton tissue remains less than 25% of 

the initial bioactivity after 120 days in the soil. 

Joaquim et al. (2019) characterized the 

environmental fate of DvSnf7 double-stranded 

RNA (dsRNA) produced by MON 87411 maize 

in Brazilian soils. The study shows that DvSnf7 

dsRNA dissipated rapidly in tropical soils and is 

unlikely to persist in soil following cultivation in 

tropical environments. 

 

Becker et al. (2014) concluded that the multi-

insect resistant GM maize (MON 89034 × MON 

88017) did not present an adverse impact on 

straw decomposition neither an impact on the 

involved microbial communities when compared 

to the isogenic control. A similar result was found 

by Lehman et al. (2008), working with GM 

maize. No significant differences in 

decomposition rates between Bt and non-Bt 

maize residue were observed over a period of 22 

months under field conditions. 

 

The DNA present in the soil is susceptible to 

rapid cleavage by endonucleases generating 

smaller DNA fragments, which results in a loss of 

genetic information. Subsequently, the DNA 

fragments are degraded into single nucleotides by 

DNases, making the accumulation of genetic 

information in the soil unlikely (Blum et al., 

1997; England et al., 1997; England and Trevors, 

2003; Levy-Booth et al., 2007). For example, in a 

field study with GM soybean and corn performed 

by Gulden et al. (2008), the persistence of 

transgenes was investigated using quantitative 

real-time PCR assays and no accumulation of 

DNA from GM plants in the soil was observed. 

The authors mentioned that transgenic DNA can 

persist in rotation at detectable levels for up to 2 

years, but the vast majority of plant target DNA 

was degraded shortly after harvest. 

 

5. Conclusions 
 

Our results show that the genetic modification of 

soybean, maize, and cotton by the introduction of 

genes that confer insect resistance and/or 

herbicide tolerance does not affect the 

degradability of these crops biomass in soil after 

harvest, considering 5-6 locations representing 

different environments and various seasons in 

Brazil. These results corroborate the current 

weight of evidence from the previously published 

literature, which support the biosafety profile of 

GM crops from an ERA perspective, 

demonstrating yet again that products derived 

from modern biotechnology are as safe as their 

conventional counterparts and do not pose an 

increased risk or concern from a biosafety 

standpoint.    

6. Acknowledgements 

 

The authors would like to thank the Field Team 

across sites for their scientific contribution and 

Regulatory Science LATAM department for all 

the support and incentive. We are grateful for 

manuscript review by Dr. John Vicini, Dr. 

Timothy Ball and Bayer Scientific Council.  

 

7. Competing interests 

Hallison Vertuan, Marcia Jose, Augusto 

Crivellari, Gustavo G. Belchior, Luciana 

Verardino, Daniel J. Soares, Fabiana Bacalhau, 

Marcos Barancelli, Daniel Sordi, Geraldo U. 

Berger are employed by Bayer Crop Science and 

were provided financial support in the form of 

author´s salaries and research materials. The 

authors declare no additional conflict of interests. 

 

8. References 

 

Agriculture & Food Systems Institute (2020). 

Global Environmental Zones Explorer. 

https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.21423/JRS.REGSCI.111186


DOI: https://doi.org/ 

10.21423/JRS.REGSCI.111186  
Journal of Regulatory Science 

htttp://journalofregulatoryscience.org 

JRS (2023) Volume 11: 

Issue 1 Vertuan et al. 

 

   
10 

Becker, R., Bubner, B., Remus, R., Wirth, S., & 

Ulrich, A. (2014). Impact of multi-

resistant transgenic Bt maize on straw 

decomposition and the involved 

microbial communities. Applied Soil 

Ecology, 739-18. 

https://doi.org/10.1016/j.apsoil.2013.08.

002 

Bell, E., Nakai, S., & Burzio, L. A. (2018). 

Stacked genetically engineered trait 

products produced by conventional 

breeding reflect the compositional 

profiles of their component single trait 

products. Journal of Agricultural and 

Food Chemistry, 66(29), 7794-7804. 

https://doi.org/10.1021/acs.jafc.8b02317 

Berman, K. H., Harrigan, G. G., Nemeth, M. A., 

Oliveira, W. S., Berger, G. U., & 

Tagliaferro, F. S. (2011). Compositional 

equivalence of insect-protected 

glyphosate-tolerant soybean MON 

87701 x MON 89788 to conventional 

soybean extends across different world 

regions and multiple growing seasons. 

Journal of Agricultural and Food 

Chemistry, 59(21), 11643-11651. 

https://doi.org/10.1021/jf202782z 

Blum, S. A., Lorenz, M. G., & Wackernagel, W. 

(1997). Mechanism of retarded DNA 

degradation and prokaryotic origin of 

DNases in nonsterile soils. Systematic 

and applied microbiology, 20(4), 513-

521. https://doi.org/10.1016/S0723-

2020(97)80021-5 

Brookes, G. (2020). Genetically modified (GM) 

crop use in Colombia: farm level 

economic and environmental 

contributions. GM crops & food, 11(3), 

140-153. 

https://www.tandfonline.com/doi/full/10

.1080/21645698.2020.1715156 

Brookes, G., & Barfoot, P. (2018). 

Environmental impacts of genetically 

modified (GM) crop use 1996-2016: 

Impacts on pesticide use and carbon 

emissions. Gm Crops & Food-

Biotechnology in Agriculture and the 

Food Chain, 9(3), 109-139. 

https://doi.org/10.1080/21645698.2018.

1476792 

Calonego, J. C., Gil, F. C., Rocco, V. F., & dos 

Santos, E. A. (2012). Persistence and 

nutrient release from maize, brachiaria 

and lablab straw. Bioscience Journal, 

28(5), 770-781. 

http://www.seer.ufu.br/.../10558 

Clawson, E. L., Perrett, J. J., Cheng, L. L., 

Ahmad, A., Stojsin, D., McGowan, Y., 

Diaz, O. H., Asim, M., Vertuan, H., 

Quddusi, M., & Soares, D. J. (2019). 

Consistent risk assessment outcomes 

from agronomic characterization of GE 

maize in diverse regions and as single-

event and stacked products. Crop 

Science, 59(4), 1681-1691. 

https://doi.org/10.2135/cropsci2018.12.0

758 

Craig, W., Tepfer, M., Degrassi, G., & 

Ripandelli, D. (2008). An overview of 

general features of risk assessments of 

genetically modified crops. Euphytica, 

164(3), 853-880. 

https://doi.org/10.1007/s10681-007-

9643-8 

CTNBio (2008). Resolução Normativa N. 5. 

Normas para liberação comercial de 

Organismos Geneticamente Modificados 

e seus derivados. 

de Cerqueira, D. T. R., Schafer, A. C., Fast, B. J., 

& Herman, R. A. (2017). Agronomic 

performance of insect-protected and 

herbicide-tolerant MON 89034 x 

TC1507 x NK603 x DAS-40278-9 corn 

is equivalent to that of conventional corn. 

Gm Crops & Food-Biotechnology in 

Agriculture and the Food Chain, 8(3), 

149-155. 

https://doi.org/10.1080/21645698.2017.

1301331 

De Schrijver, A., Devos, Y., Van den Bulcke, M., 

Cadot, P., De Loose, M., Reheul, D., & 

Sneyers, M. (2007). Risk assessment of 

GM stacked events obtained from 

crosses between GM events. Trends in 

Food Science & Technology, 18(2), 101-

109. 

https://doi.org/10.1016/j.tifs.2006.09.00

2 

de Souza, R. A., Hungria, M., Franchini, J. C., 

Chueire, L. M. D., Barcellos, F. G., & 

Campo, R. J. (2008). Quantitative and 

https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.1016/j.apsoil.2013.08.002
https://doi.org/10.1016/j.apsoil.2013.08.002
https://doi.org/10.1021/acs.jafc.8b02317
https://doi.org/10.1021/jf202782z
https://doi.org/10.1016/S0723-2020(97)80021-5
https://doi.org/10.1016/S0723-2020(97)80021-5
https://www.tandfonline.com/doi/full/10.1080/21645698.2020.1715156
https://www.tandfonline.com/doi/full/10.1080/21645698.2020.1715156
https://doi.org/10.1080/21645698.2018.1476792
https://doi.org/10.1080/21645698.2018.1476792
http://www.seer.ufu.br/.../10558
https://doi.org/10.2135/cropsci2018.12.0758
https://doi.org/10.2135/cropsci2018.12.0758
https://doi.org/10.1007/s10681-007-9643-8
https://doi.org/10.1007/s10681-007-9643-8
https://doi.org/10.1080/21645698.2017.1301331
https://doi.org/10.1080/21645698.2017.1301331
https://doi.org/10.1016/j.tifs.2006.09.002
https://doi.org/10.1016/j.tifs.2006.09.002


DOI: https://doi.org/ 

10.21423/JRS.REGSCI.111186  
Journal of Regulatory Science 

htttp://journalofregulatoryscience.org 

JRS (2023) Volume 11: 

Issue 1 Vertuan et al. 

 

   
11 

qualitative evaluations of soil microbes 

and biological nitrogen fixation in 

soybean. Pesquisa Agropecuaria 

Brasileira, 43(1), 71-82. 

https://doi.org/10.1590/S0100-

204X2008000100010 

de Souza, W. R. (2013). Microbial degradation of 

lignocellulosic biomass. In "Sustainable 

degradation of lignocellulosic biomass-

techniques, applications and 

commercialization", pp. 207-247. 

Díaz, O. H., Meza, J. L. A., Baltazar, B. M., 

Bojórquez, G. B., Espinoza, L. C., 

Madrid, J. L. C., de la Fuente Martínez, 

J. M., Pompa, H. A. D., Escobedo, J. A., 

& Banda, A. E. (2017). Plant 

characterization of genetically modified 

maize hybrids MON-89Ø34-3× MON-

88Ø17-3, MON-89Ø34-3× MON-

ØØ6Ø3-6, and MON-ØØ6Ø3-6: 

alternatives for maize production in 

Mexico. Transgenic Research, 26(1), 

135-151. 

https://doi.org/10.1007/s11248-016-

9991-z 

Dubelman, S., Ayden, B. R., Bader, B. M., 

Brown, C. R., Jiang, C., & Vlachos, D. 

(2005). Cry1Ab protein does not persist 

in soil after 3 years of sustained Bt corn 

use. Environmental Entomology, 34(4), 

915-921. https://doi.org/10.1603/0046-

225X-34.4.915 

England, L., Holmes, S., & Trevors, J. (1997). 

Persistence of viruses and DNA in soil. 

World Journal of Microbiology and 

Biotechnology, 14163-169. 

https://doi.org/10.1023/A:10088656096

98 

England, L. S., & Trevors, J. T. (2003). The 

microbial DNA cycle in soil. In 

"RIVISTA DI BIOLOGIA BIOLOGY 

FORUM", Vol. 96, pp. 317-326. 

ANICIA SRL. 

Fernandes, M., de Araújo, R. P., Costa, E. N., 

Zangirolymo, A., Pereira, R. M., 

Dourados, D., & Costa, E. N. (2019). 

Influence of Cry1Ac toxin from Bt cotton 

on the soil microbiota. Journal of 

Agricultural Science, 11(4). 

https://doi.org/10.5539/jas.v11n4p364 

Gampala, S. S., Fast, B. J., Richey, K. A., Gao, Z. 

F., Hill, R., Wulfkuhle, B., Shan, G. M., 

Bradfisch, G. A., & Herman, R. A. 

(2017). Single-event transgene product 

levels predict levels in genetically 

modified breeding stacks. Journal of 

Agricultural and Food Chemistry, 

65(36), 7885-7892. 

https://doi.org/10.1021/acs.jafc.7b03098 

Glenn, K. C., Alsop, B., Bell, E., Goley, M., 

Jenkinson, J., Liu, B., Martin, C., Parrott, 

W., Souder, C., Sparks, O., Urquhart, W., 

Ward, J. M., & Vicini, J. L. (2017). 

Bringing new plant varieties to market: 

plant breeding and selection practices 

advance beneficial characteristics while 

minimizing unintended changes. Crop 

Science, 57(6), 2906-2921. 

https://doi.org/10.2135/cropsci2017.03.0

199 

Goodwin, L., Hunst, P., Burzio, L., Rowe, L., 

Money, S., & Chakravarthy, S. (2021). 

Stacked trait products are as safe as non-

genetically modified (GM) products 

developed by conventional breeding 

practices. Journal of Regulatory Science, 

9(1), 22-25. https://doi.org/10.21423/jrs-

v09i1goodwin 

Gruber, H., Paul, V., Meyer, H. H. D., & Muller, 

M. (2012). Determination of insecticidal 

Cry1Ab protein in soil collected in the 

final growing seasons of a nine-year field 

trial of Bt-maize MON810. Transgenic 

Research, 21(1), 77-88. 10.1007/s11248-

011-9509-7 

Gulden, R. H., Lerat, S., Blackshaw, R. E., 

Powell, J. R., Levy-Booth, D. J., 

Dunfield, K. E., Trevors, J. T., Pauls, K. 

P., Klironomos, J. N., & Swanton, C. J. 

(2008). Factors affecting the presence 

and persistence of plant DNA in the soil 

environment in corn and soybean 

rotations. Weed science, 56(5), 767-774. 

https://doi.org/10.1614/WS-08-044.1 

Halpin, C. (2005). Gene stacking in transgenic 

plants - the challenge for 21st century 

plant biotechnology. Plant 

Biotechnology Journal, 3(2), 141-155. 

https://doi.org/10.1111/j.1467-

7652.2004.00113.x 

https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.1590/S0100-204X2008000100010
https://doi.org/10.1590/S0100-204X2008000100010
https://doi.org/10.1007/s11248-016-9991-z
https://doi.org/10.1007/s11248-016-9991-z
https://doi.org/10.1603/0046-225X-34.4.915
https://doi.org/10.1603/0046-225X-34.4.915
https://doi.org/10.1023/A:1008865609698
https://doi.org/10.1023/A:1008865609698
https://doi.org/10.5539/jas.v11n4p364
https://doi.org/10.1021/acs.jafc.7b03098
https://doi.org/10.2135/cropsci2017.03.0199
https://doi.org/10.2135/cropsci2017.03.0199
https://doi.org/10.21423/jrs-v09i1goodwin
https://doi.org/10.21423/jrs-v09i1goodwin
https://doi.org/10.1614/WS-08-044.1
https://doi.org/10.1111/j.1467-7652.2004.00113.x
https://doi.org/10.1111/j.1467-7652.2004.00113.x


DOI: https://doi.org/ 

10.21423/JRS.REGSCI.111186  
Journal of Regulatory Science 

htttp://journalofregulatoryscience.org 

JRS (2023) Volume 11: 

Issue 1 Vertuan et al. 

 

   
12 

Head, G., Surber, J. B., Watson, J. A., Martin, J. 

W., & Duan, J. J. (2002). No detection of 

Cry1Ac protein in soil after multiple 

years of transgenic Bt cotton (Bollgard) 

use. Environmental Entomology, 31(1), 

30-36. https://doi.org/10.1603/0046-

225X-31.1.30 

Herman, R. A., Fast, B. J., Scherer, P. N., Brune, 

A. M., de Cerqueira, D. T., Schafer, B. 

W., Ekmay, R. D., Harrigan, G. G., & 

Bradfisch, G. A. (2017). Stacking 

transgenic event DAS‐Ø15Ø7‐1 

alters maize composition less than 

traditional breeding. Plant biotechnology 

journal, 15(10), 1264-1272. 

https://doi.org/10.1111/pbi.12713  

ISAAA (2018). Brief 54: Global Status of 

Commercialized Biotech/GM Crops: 

2018. 

James, C. (2010). A global overview of biotech 

(GM) crops: adoption, impact and future 

prospects. GM crops, 1(1), 8-12. 

https://doi.org/10.4161/gmcr.1.1.9756  

Joaquim, M. E. S., Belchior, G. G., Jose, M., 

Zapata, F., Jiang, C. J., Fischer, J., & 

Berger, G. U. (2019). Dissipation of 

DvSnf7 double-stranded RNA in 

Brazilian soils. Agricultural & 

Environmental Letters, 4(1). 

https://doi.org/10.2134/ael2019.04.0016 

Jose, M., Vertuan, H., Soares, D., Sordi, D., 

Bellini, L. F., Kotsubo, R., & Berger, G. 

U. (2020). Comparing agronomic and 

phenotypic plant characteristics between 

single and stacked events in soybean, 

maize, and cotton. Plos One, 15(4). 

https://doi.org/10.1371/journal.pone.023

1733 

Kramer, C., Brune, P., McDonald, J., Nesbitt, M., 

Sauve, A., & Storck-Weyhermueller, S. 

(2016). Evolution of risk assessment 

strategies for food and feed uses of 

stacked GM events. Plant Biotechnology 

Journal, 14(9), 1899-1913. 

https://doi.org/10.1111/pbi.12551 

Lehman, R. M., Osborne, S. L., & Rosentrater, K. 

A. (2008). No differences in 

decomposition rates observed between 

Bacillus thuringiensis and non-Bacillus 

thuringiensis corn residue incubated in 

the field. Agronomy Journal, 100(1), 

163-168. 10.2134/agronj2007.0123 

Levy-Booth, D. J., Campbell, R. G., Gulden, R. 

H., Hart, M. M., Powell, J. R., 

Klironomos, J. N., Pauls, K. P., Swanton, 

C. J., Trevors, J. T., & Dunfield, K. E. 

(2007). Cycling of extracellular DNA in 

the soil environment. Soil Biology and 

Biochemistry, 39(12), 2977-2991. 

https://doi.org/10.1016/j.soilbio.2007.06

.020 

Li, X. G., Liu, B. A., Cui, J. J., Liu, D. D., Ding, 

S. A., Gilna, B., Luo, J. Y., Fang, Z. X., 

Cao, W., & Han, Z. M. (2011). No 

evidence of persistent effects of 

continuously planted transgenic insect-

resistant cotton on soil microorganisms. 

Plant and Soil, 339(1-2), 247-257. 

https://doi.org/10.1007/s11104-010-

0572-2 

Ma, B. L., Blackshaw, R. E., Roy, J., & He, T. P. 

(2011). Investigation on gene transfer 

from genetically modified corn (Zea 

mays L.) plants to soil bacteria. Journal 

of Environmental Science and Health 

Part B-Pesticides Food Contaminants 

and Agricultural Wastes, 46(7), 590-599. 

https://doi.org/10.1080/03601234.2011.

586598 

Marques, L. H., Santos, A. C., Castro, B. A., 

Storer, N. P., Babcock, J. M., Lepping, 

M. D., Sa, V., Moscardini, V. F., Rule, D. 

M., & Fernandes, O. A. (2018). Impact of 

transgenic soybean expressing Cry1Ac 

and Cry1F proteins on the non-target 

arthropod community associated with 

soybean in Brazil. Plos One, 13(2). 

https://doi.org/10.1371/journal.pone.019

1567 

McCouch, S. (2004). Diversifying selection in 

plant breeding. PLoS Biol, 2(10), e347. 

https://doi.org/10.1371/journal.pbio.002

0347 

McDougall, P. (2011). The cost and time 

involved in the discovery, development 

and authorisation of a new plant 

biotechnology derived trait. Crop Life 

International, 1-24.  

Miethling-Graff, R., Dockhorn, S., & Tebbe, C. 

C. (2010). Release of the recombinant 

Cry3Bb1 protein of Bt maize 

https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.1603/0046-225X-31.1.30
https://doi.org/10.1603/0046-225X-31.1.30
https://doi.org/10.1111/pbi.12713
https://doi.org/10.4161/gmcr.1.1.9756
https://doi.org/10.2134/ael2019.04.0016
https://doi.org/10.1371/journal.pone.0231733
https://doi.org/10.1371/journal.pone.0231733
https://doi.org/10.1111/pbi.12551
https://doi.org/10.1016/j.soilbio.2007.06.020
https://doi.org/10.1016/j.soilbio.2007.06.020
https://doi.org/10.1007/s11104-010-0572-2
https://doi.org/10.1007/s11104-010-0572-2
https://doi.org/10.1080/03601234.2011.586598
https://doi.org/10.1080/03601234.2011.586598
https://doi.org/10.1371/journal.pone.0191567
https://doi.org/10.1371/journal.pone.0191567
https://doi.org/10.1371/journal.pbio.0020347
https://doi.org/10.1371/journal.pbio.0020347


DOI: https://doi.org/ 

10.21423/JRS.REGSCI.111186  
Journal of Regulatory Science 

htttp://journalofregulatoryscience.org 

JRS (2023) Volume 11: 

Issue 1 Vertuan et al. 

 

   
13 

MON88017 into field soil and detection 

of effects on the diversity of rhizosphere 

bacteria. European Journal of Soil 

Biology, 46(1), 41-48. 

https://doi.org/10.1016/j.ejsobi.2009.10.

003 

Raman, R. (2017). The impact of genetically 

modified (GM) crops in modern 

agriculture: A review. Gm Crops & 

Food-Biotechnology in Agriculture and 

the Food Chain, 8(4), 195-208. 

https://doi.org/10.1080/21645698.2017.

1413522 

Raybould, A., Graser, G., Hill, K., & Ward, K. 

(2012). Ecological risk assessments for 

transgenic crops with combined insect-

resistance traits: the example of Bt11 x 

MIR604 maize. Journal of Applied 

Entomology, 136(1-2), 27-37. 

https://doi.org/10.1111/j.1439-

0418.2010.01601.x 

Ridley, W. P., Harrigan, G. G., Breeze, M. L., 

Nemeth, M. A., Sidhu, R. S., & Glenn, K. 

C. (2011). Evaluation of compositional 

equivalence for multitrait biotechnology 

crops. Journal of Agricultural and Food 

Chemistry, 59(11), 5865-5876. 

https://doi.org/10.1021/jf103874t 

Saxena, D., & Stotzky, G. (2001). Bacillus 

thuringiensis (Bt) toxin released from 

root exudates and biomass of Bt corn has 

no apparent effect on earthworms, 

nematodes, protozoa, bacteria, and fungi 

in soil. Soil Biology and Biochemistry, 

33(9), 1225-1230. 

https://doi.org/10.1016/S0038-

0717(01)00027-X 

Shan, G., Embrey, S. K., Herman, R. A., & 

McCormick, R. (2014). Cry1F protein 

not detected in soil after three years of 

transgenic Bt corn (1507 corn) use. 

Environmental Entomology, 37(1), 255-

262. https://doi.org/10.1603/0046-

225X(2008)37[255:CPNDIS]2.0.CO;2 

Sims, S. R., & Ream, J. E. (1997). Soil 

inactivation of the Bacillus thuringiensis 

subsp kurstaki CryIIA insecticidal 

protein within transgenic cotton tissue: 

Laboratory microcosm and field studies. 

Journal of Agricultural and Food 

Chemistry, 45(4), 1502-1505. 

https://doi.org/10.1021/jf960647w 

Smyth, S. J. (2020). The human health benefits 

from GM crops. Plant Biotechnology 

Journal, 18(4), 887-888. 

https://doi.org/10.1111/pbi.13261 

Swarup, S., Cargill, E. J., Crosby, K., Flagel, L., 

Kniskern, J., & Glenn, K. C. (2021). 

Genetic diversity is indispensable for 

plant breeding to improve crops. Crop 

Science, 61(2), 839-852   

https://doi.org/10.1002/csc2.20377 

Venkatesh, T. V., Breeze, M. L., Liu, K., 

Harrigan, G. G., & Culler, A. H. (2014). 

Compositional analysis of grain and 

forage from MON 87427, an inducible 

male sterile and tissue selective 

glyphosate-tolerant maize product for 

hybrid seed production. Journal of 

Agricultural and Food Chemistry, 62(8), 

1964-1973. 

https://doi.org/10.1021/jf4041589 

Vertuan, H. V., Salvadori, J. R., Oliveira, W. S., 

& Berger, G. U. (2017). Eficácia de 

tecnologias Bt no manejo de 

lepidópteros-praga. Revista Brasileira de 

Milho e Sorgo. Revista Brasileira de 

Milho e Sorgo, 16(1), 22-29. 

https://doi.org/10.1590/S0100-

204X2013001200001 

  

https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.21423/JRS.REGSCI.111186
https://doi.org/10.1016/j.ejsobi.2009.10.003
https://doi.org/10.1016/j.ejsobi.2009.10.003
https://doi.org/10.1080/21645698.2017.1413522
https://doi.org/10.1080/21645698.2017.1413522
https://doi.org/10.1111/j.1439-0418.2010.01601.x
https://doi.org/10.1111/j.1439-0418.2010.01601.x
https://doi.org/10.1021/jf103874t
https://doi.org/10.1016/S0038-0717(01)00027-X
https://doi.org/10.1016/S0038-0717(01)00027-X
https://doi.org/10.1603/0046-225X(2008)37%5b255:CPNDIS%5d2.0.CO;2
https://doi.org/10.1603/0046-225X(2008)37%5b255:CPNDIS%5d2.0.CO;2
https://doi.org/10.1021/jf960647w
https://doi.org/10.1111/pbi.13261
https://doi.org/10.1002/csc2.20377
https://doi.org/10.1021/jf4041589
https://doi.org/10.1590/S0100-204X2013001200001
https://doi.org/10.1590/S0100-204X2013001200001


DOI: https://doi.org/ 

10.21423/JRS.REGSCI.111186  
Journal of Regulatory Science 

htttp://journalofregulatoryscience.org 

JRS (2023) Volume 11: 

Issue 1 Vertuan et al. 

 

   
14 

Supplementary Material 

Table S1 Field design of biomass production, sampling location, season where samples were harvested, 

number of repetitions and number of plots in each location 

Crop Entry number 
Cultivation and sampling 

location 

Growing 

seasona 

Number of plots 

in each location 

(entry × rep) 

Soybean 

1. MON 87751 

Não-Me-Toque, 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

2014 10 × 4 = 40 plots 

2. MON 87708 

3. MON 87701 

4. MON 89788 

5. MON 87751 × MON 87708 × 

MON 87701 × MON 89788 

6. Conventional control 

7. Commercial reference 

8. Commercial reference 

9. Commercial reference 

10. Commercial reference 

Maize 

1. MON 87411 
Não-Me-Toque, 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

Sorriso 

2013 6 × 4 = 24 plots 

2. Conventional control 

3. Commercial reference 

4. Commercial reference 

5. Commercial reference 

6. Commercial reference 

MON 87427 
Não-Me-Toque, 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

Sorriso 

2014 6 × 4 = 24 plots 

2. Conventional control 

3. Commercial reference 

4. Commercial reference 

5. Commercial reference 

6. Commercial reference 

1. MON 89034 

Não-Me-Toque, 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

Sorriso 

2015 7 × 4 = 28 plots 

2. MON 89034 × MIR162 

3. Conventional control 

4. Commercial reference 

5. Commercial reference 

6. Commercial reference 

7. Commercial reference 

1. MON 87427 

Não-Me-Toque, 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Sorriso 

2016 9 × 4 = 36 plots 

2. MON 89034 

3. MON 87411 

4. MON 87427 × MON 89034 × 

MIR162 × MON 87411 

5. Conventional control 

6. Commercial reference 
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Crop Entry number 
Cultivation and sampling 

location 

Growing 

seasona 

Number of plots 

in each location 

(entry × rep) 

7. Commercial reference 

8. Commercial reference 

9. Commercial reference 

MON 95379 
Não-Me-Toque, 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

Sorriso 

2018 6 × 4 = 24 plots 

2. Conventional control 

3. Commercial reference 

4. Commercial reference 

5. Commercial reference 

6. Commercial reference 

1. MON 87429 
Não-Me-Toque, 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

Sorriso 

2018 6 × 4 = 24 plots 

2. Conventional control 

3. Commercial reference 

4. Commercial reference 

5. Commercial reference 

6. Commercial reference 

Cotton 

1. MON 15985 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

Sorriso 

2012 8 × 4 = 32 plots 

2. MON 88913 

3. COT102 × MON 15985 × 

MON 88913 

4. Conventional control 

5. Commercial reference 

6. Commercial reference 

7. Commercial reference 

8. Commercial reference 

1. MON 88701 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

Sorriso 

2013 6 × 4 = 24 plots 

2. Conventional control 

3. Commercial reference 

4. Commercial reference 

5. Commercial reference 

6. Commercial reference 

1. MON 88913 × MON 88701 

Rolândia, 

Santa Cruz das Palmeiras, 

Cachoeira Dourada, 

Luís Eduardo Magalhães 

Sorriso 

2016 6 × 4 = 24 plots 

2. COT102 × MON 15985 × 

MON 88913 × MON 88701 

3. Conventional control 

4. Commercial reference 

5. Commercial reference 

6. Commercial reference 
a Growing season = Brazilian season where the materials were grown for biomass sampling.  
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Table S2 Greenhouse study design for biomass degradation assessment 

Crop Entry number 

Number of 

locations for 

sample 

production 

Number of 

repetitionsa 

Number of experimental units assessed in 

each collection period 

30 DAIb 60 DAI 90 DAI 

Soybean 

1. MON 87751 5 3 15 15 15 

2. MON 87708 5 3 15 15 15 

3. MON 87701 5 3 15 15 15 

4. MON 89788 5 3 15 15 15 

5. MON 87751 × MON 87708 × 

MON 87701 × MON 89788 

5 3 15 15 15 

6. Conventional control 5 3 15 15 15 

7. Commercial reference 5 3 15 15 15 

8. Commercial reference 5 3 15 15 15 

9. Commercial reference 5 3 15 15 15 

10. Commercial reference 5 3 15 15 15 

Maize 

1. MON 87411 6 3 18 18 18 

2. Conventional control 6 3 18 18 18 

3. Commercial reference 6 3 18 18 18 

4. Commercial reference 6 3 18 18 18 

5. Commercial reference 6 3 18 18 18 

6. Commercial reference 6 3 18 18 18 

MON 87427 6 3 18 18 18 

2. Conventional control 6 3 18 18 18 

3. Commercial reference 6 3 18 18 18 

4. Commercial reference 6 3 18 18 18 

5. Commercial reference 6 3 18 18 18 

6. Commercial reference 6 3 18 18 18 

1. MON 89034 6 3 18 18 18 

2. MON 89034 × MIR162 6 3 18 18 18 

3. Conventional control 6 3 18 18 18 

4. Commercial reference 6 3 18 18 18 

5. Commercial reference 6 3 18 18 18 

6. Commercial reference 6 3 18 18 18 

7. Commercial reference 6 3 18 18 18 

1. MON 87427 5 3 15 15 15 

2. MON 89034 5 3 15 15 15 

3. MON 87411 5 3 15 15 15 

4. MON 87427 × MON 89034 × 

MIR162 × MON 87411 

5 3 15 15 15 

5. Conventional control 5 3 15 15 15 

6. Commercial reference 5 3 15 15 15 

7. Commercial reference 5 3 15 15 15 

8. Commercial reference 5 3 15 15 15 

9. Commercial reference 5 3 15 15 15 
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Crop Entry number 

Number of 

locations for 

sample 

production 

Number of 

repetitionsa 

Number of experimental units assessed in 

each collection period 

30 DAIb 60 DAI 90 DAI 

MON 95379 6 4 24 24 24 

2. Conventional control 6 4 24 24 24 

3. Commercial reference 6 4 24 24 24 

4. Commercial reference 6 4 24 24 24 

5. Commercial reference 6 4 24 24 24 

6. Commercial reference 6 4 24 24 24 

1. MON 87429 6 4 24 24 24 

2. Conventional control 6 4 24 24 24 

3. Commercial reference 6 4 24 24 24 

4. Commercial reference 6 4 24 24 24 

5. Commercial reference 6 4 24 24 24 

6. Commercial reference 6 4 24 24 24 

Cotton 

1. MON 15985 5 3 15 15 15 

2. MON 88913 5 3 15 15 15 

3. COT102 × MON 15985 × 

MON 88913 

5 3 15 15 15 

4. Conventional control 5 3 15 15 15 

5. Commercial reference 5 3 15 15 15 

6. Commercial reference 5 3 15 15 15 

7. Commercial reference 5 3 15 15 15 

8. Commercial reference 5 3 15 15 15 

1. MON 88701 5 3 15 15 15 

2. Conventional control 5 3 15 15 15 

3. Commercial reference 5 3 15 15 15 

4. Commercial reference 5 3 15 15 15 

5. Commercial reference 5 3 15 15 15 

6. Commercial reference 5 3 15 15 15 

1. MON 88913 × MON 88701 5 3 15 15 15 

2. COT102 × MON 15985 × 

MON 88913 × MON 88701 

5 3 15 15 15 

3. Conventional control 5 3 15 15 15 

4. Commercial reference 5 3 15 15 15 

5. Commercial reference 5 3 15 15 15 

6. Commercial reference 5 3 15 15 15 

a Number of repetitions sampled after sample collection and mixing. b DAI = days after incubation.  
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