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Abstract

The objective of this study was to evaluate the levels of chlorophyll and agronomic performance of Bt and non-Bt
soybeans. For the evaluation we used the chlorophyll meter (SPAD-502), which was collected randomly in the
upper third (TS), middle third (TM) and lower thirds (TI). Evaluations were performed at 7, 14, 21, 28, 35, 42,
49, 56, 63, and 70 days after emergence (DAE). Used the randomized experimental design in a split plot design
(2 x 3 x 10) with four replicates for analysis of chlorophyll content and factorial 2 x 2 (two cultivars and two
regions) with four replications for the factors of production. For the region of Dourados, the highest chlorophyll
levels were presented to 42 DAE for soybeans Bt and non-Bt, the TS and TI, for TM at 42 DAE for soybeans Bt
and non-Bt to 35 DAE. In Douradina the highest levels of chlorophyll were for soybean at 28 DAE Bt and non
Bt at 49 DAE in the lower third. For TM and TS cultivars Bt and non-Bt had higher chlorophyll content at 35
DAE. From the results obtained, it can be concluded that the Bt technology did not influence the chlorophyll
content of soybean, the two cultivars showed similar levels, with higher concentrations in the middle third of the
plants in the two regions studied. For agronomic attributes, plant height, first pod height, number of pods per
plant and yield, Bt soybeans had higher values compared to non-Bt soybeans in two environmental studies.
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1. Introduction

Soybean [Glycine max (L.) Merrill] is a major crop exotic Brazilian agribusiness, with great economic importance
in grain exports and its derivatives, and has advantages such as higher yield potential and greater uniformity
morphological and phenological, which facilitate crop management (Neves et al., 2013; Antunes et al., 2012).

The recommendation of specific genotypes for each environment, the stratification of a heterogeneous area into
more homogeneous sub-regions and the identification of genotypes with wide adaptability and stability, the
alternatives have been proposed to mitigate the effect of genotypes with environments (Peluzio et al., 2010).

The introduction of a gene into the genome of a receptor is a complex change, depending on the gene itself into the
host genome (Yin et al., 2004). Agronomic crops can be harmed after transformation with different genes.

Considering the data relating to food safety, environmental risks and efficiency in the production system,
evaluated during the 50 years of use of Bacillus thuringiensis as biopesticide, one can consider that the Bt-plants is
a tool that aids in the production system (Homrich et al., 2008). The main objectives in the generation of
Genetically Modified (PGM), is to increase plant resistance to insects (Yuan & Knauf, 1997; Yu et al., 2011; Dutra
et al., 2012). With this, despite the great advances in technology Bt represents to world agriculture, their adoption
in some regions may be affected positively or negatively, depending on the characteristics of each locality (Barros
& Degrande, 2012).

Thus soybean yield is defined by the interaction of the plant with the environment and management (Pereira et al.,
2011), thus high yields are only obtained when such conditions are favorable, at all stages of crop growth. With
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this, studies on the energy efficiency of Bt plants by chlorophyll index is important ace new varieties and are key to
explain the development and possibly the best performance.

The plant growth and adaptation to different environmental conditions are related to photosynthetic efficiency
which, in turn, is associated, among other factors the concentration of chlorophyll. Several internal and external
factors affecting the biosynthesis of chlorophyll, so their contents leaf can vary significantly. Among these factors,
the light is essential to biosynthesis (Sousa et al., 2011). The chlorophyll is constantly being synthesized and
destroyed (photo-oxidation) in the presence of light, but under higher light intensities greater degradation occurs
and equilibrium is established at a lower concentration. Therefore, the shade leaves have higher chlorophyll
concentration than the sun leaves (Kramer & Kozlowski, 1979).

The standard method for determination of chlorophyll in the laboratory, yet easy, has drawbacks, since it results in
destructive collection of plant material, being relatively long (Arnon, 1949). With the advent of portable meters,
which use non-destructive optical principles, based on the absorbance and reflectance of light by leaves, the
determination of chlorophylls became quick and easy and can be performed directly in the field (Richardson et al.,
2002).

The pigment chlorophyll is responsible for capturing the light used in photosynthesis, they are essential in the
conversion of light radiation into chemical energy in form of ATP and NADPH (Araujo et al., 2013).

Thus, chlorophyll is related to the photosynthetic efficiency, and consequently to its growth and adaptability to
different environments. In the 90 was available equipment capable of generating quantities related to the contents
of chlorophyll, the chlorophyll "Soil Plant Analysis Development" - SPAD-502 (Minolta, 1989). This instrument
is portable and provides readings that can relate to the content of chlorophyll present in the leaf (Uddling et al.,
2007; Guimarées et al., 1999).

The chlorophyll meter Minolta SPAD-502 has been used in the quantification of chlorophyll, characterized by
speed, simplicity, and especially by enabling non-destructive evaluation of leaf tissue. The current model has been

successfully used to diagnose the state of nitrogen crops such as corn, potato, wheat, among others (Argenta et al.,
2001).

The chlorophyll content in the leaf is influenced by several biotic and abiotic factors, is directly related to the
potential photosynthetic activity of plants (Taiz & Zeiger, 2008). So its quantification is important in the study of
cultural practices and management in order to increase the photosynthetic potential and increased production
(Fonseca et al., 2012).

There is demand for research in Brazilian conditions in order to evaluate the agronomic performance of Bt and
non-Bt soybeans, moreover, there is still lack of scientific information about the behavior of this technology within
the different regions of the country this context, this study aimed evaluate the contents of chlorophyll and
agronomic performance of Bt and non-Bt soybeans in two regions under field conditions.

2. Material and Methods

The experiment was conducted under field conditions in two experimental areas located at Farm Rincao Por3, the
geographic coordinates 22°14'25" S, 54°42'60.7" W and altitude of 403 m in the town of Dourados and Fazenda
good Luck in the geographical coordinates 22°01'07" S, 54°32'15" W and altitude of 310 m in the municipality of
Douradina during harvest 2011/2012. The soil of the area is classified as Typic Distroferric (RH) of loamy soil.
The climate, according to Koppen's humid mesothermal, Cwa type, with annual average temperatures and
precipitation ranging from 20 °C to 24 °C and 1.250 mm to 1.500 mm (Fietz & Fisch, 2006). For management of
two experimental areas with soybean, we used the no-tillage system, and corn (Zea mays L) as preceding crop. The
area of this experiment was dried with glyphosate combined with mineral oil (2.0 Lha™ + 0.5 Lha™), respectively.

The seeds of soybean cultivars were Bt L 6910 Intact RR2 PRO ™ and non-Bt BMX Power RR1, constituting the
two treatments in two different locations. Sowing were performed in the experimental areas first area Rincdo Pora
Farm, performed on 22/10/2011, second area Farm Boa Sorte performed on 29/10/2011, with a density of 15 seeds
per meter, by adopting a population of approximately 300.000 plants ha™'. The row spacing was 0.50 meters. For
the basic fertilizer in both cultivar used was 300 kg ha™ of NPK (02:18:18). Held control weeds and diseases with
application of herbicides and fungicides.

For the evaluation of chlorophyll content in soybean leaves was used chlorophyll (SPAD-502), avoiding measures
on midrib, which was collected at random positions in the upper third (TS), middle third (TM) and thirds lower (TT)
in two plants per plot.
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The evaluations of both experimental areas and in two soybean cultivars were performed at 7, 14, 21, 28, 35, 42, 49,
56, 63, 70 days after emergence (DAE).

For the evaluation of the factors of production, was held just a sampling at the end of the cycle when the plants
were at the stadium R9, according to the scale proposed by Ritchie et al. (1982). The plant height was measured
from the soil surface to the apex of the plant and the height of the first pod was the soil surface until its insertion
with the aid of a graduated ruler. The number of pods per plant was performed by direct counting and productivity
was obtained by the total mass of grains being corrected to 13% moisture.

For analysis of chlorophyll used the completely randomized design in a split plot design (2 x 3 x 10) with four
replications, the main plots consisting of the cultivars the subplots for positions in plant and subsubplots
assessments on time. We used the Tukey test at 5% probability, to test the interaction between cultivars and
locations in plants in two regions, and held up the regression test for interaction between cultivars versus positions
versus assessments for each region.

The experimental design for the factors of production were randomized in a factorial 2 x 2 [(two varieties (Bt and
non-Bt) and two regions (Dourados and Douradina)] with four replications.

Data were subjected to analysis of variance (F test), and means were compared by Tukey test and regression at 5%
probability, using the software SISVAR" (Ferreira, 2008).

3. Results and Discussion

Studies with soy describe interaction between chlorophyll content and stage of development, relating the lower
levels of chlorophyll at the end of the cycle, this response is justified by the strong initial development of canopy
leaves and those leaves much to be involved with the activity photosynthetic, after this period, there is a gradual
shading the lower leaves of the canopy, with subsequent senescence associated with reduced light (Ragagnin et al.,
2013; Casaroli et al., 2007).

Similar results have been reported with other species, as reported by Cancellier et al. (2013), Salgado et al. (2012)
studied the content of chlorophyll, which is the difference between cultivars positions in the plant and in different
environments.

Through the analysis of unfolding in the region of Dourados, observed responses of the cultivars in the middle of
the assessments and positions in the plant, the Bt cultivar had the highest chlorophyll levels. Now evaluating the
positions, the average ratings and cultivars found increased levels of chlorophyll in the middle third, followed by
the upper third and lower, respectively, for the two regions (Table 1).

Table 1. Average number of joint analysis of cultivars and locations regarding the content of chlorophyll
determined by chlorophyll meter (SPAD-502 Minolta®™) in soybean [Glicine max (L)] Bt and non-Bt in the lower
third (TS), the middle third (TM) and upper third (TI). Dourados and Douradina, MS, 2012

Dourados
Cultivate Position the plant
Upper third Middle third Lower third Means
Bt 38.00 Ab 41.60 Aa 34.31 Ac 37.97 A
non Bt 37.34 Ab 41.15 Aa 33.09 Ac 37.19B
Means 37.66 b 41.37 a 33.70 c
Douradina
Cultivate Position the plant
Upper third Middle third Lower third Means
Bt 36.41 Ab 40.44 Aa 33.28 Ac 36.71 A
non Bt 36.34 Ab 39.15 Aa 32.09 Ac 35.86 A
Means 36.38 b 39.80 a 3267 c

Means followed by the same letters, uppercase column compares cultivars at each location and the means of the
local cultivars, tiny line compares sites for each cultivar and places in the cultivar means, do not differ by Tukey
test at 5% probability.
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The factors related to photosynthetic efficiency and consequently the growth and adaptability to various
environments are leaf pigments such as chlorophylls, where the shade leaves have higher concentrations of
chlorophyll per gram of dry matter than leaves exposed to direct sunlight, so the combination chlorophylls and
accessory pigments enable plants to capture the greatest amount of photosynthetically active radiation (Engel &
Poggiani, 1991).

The interaction between cultivars versus positions for each region noted that the results are similar for Bt and
non-Bt cultivars in the two regions, where the middle third showed the highest levels of chlorophyll, followed by
upper and lower, respectively, with no statistical difference between the combinations of any of the varieties
(Table 1).
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Figure 1. Regression lines fitted to the values of chlorophyll in soybean [Glycine max (L)] Bt and non-Bt in the
lower third (TT), middle third (TM) and upper third (TS) as a function of days after emergence. Dourados and
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The cultivar factor can influence the chlorophyll content of the plant, as the leaves of a given cultivar tend to have
certain characteristics, such as thickness, pigment content and internal structure are functions of morphological
and physiological differences between cultivars, which may influence the spectral properties of the sheets (SPAD
index) (Minotti et al., 1994).

The interaction of soybean cultivars with developmental stages were significant (p <0.05) for chlorophyll content
for all positions on the plant in the two study regions (Figure 1). Chlorophyll content in the upper leaves of the
plants experienced similar behavior and Dourados, Douradina (Figures 1A and 1B), following the quadratic model
to cultivate Bt and non-Bt. For both regions there was an increase in chlorophyll content from 7 to 42 DAE and
decreased from 42 to 70 DAE. These results were repeated assessed the lower third of the plants in Dourados and
Douradina (Figure 1E and 1F).

In the middle third of the plants, only Bt soybeans grown in Douradina had the performance that followed the cubic,
since soybeans do not Bt Douradina and the two cultivars Dourados followed the quadratic model (Figure 1C and
1D). It was observed that the soybean plants showed increasing values of chlorophyll until 42 DAE and decreased
from this phase continues until senescence, this confirms the fact that at the beginning of the development of
culture, the plants are still small has little chlorophyll that will increase with the development and reduce again
with the senescence phase.

Changes in ambient light cultivation device settings provide photosynthetic plants, which results in greater
efficiency in the absorption and energy transfer to photosynthetic processes. In this context the performance of
agronomic traits of soybean cultivars can vary from one environment to another culture, it is necessary that
different cultivars are evaluated in different places, periods and technologies (Peluzio et al., 2012; Barbosa et al.,
2011).

For the region of Dourados, the highest chlorophyll levels were presented to 42 DAE for soybeans Bt and non-Bt
in TS (43.38 and 42.83 mg cm™) TI (37.90 and 37.41 mg cm™) and TM in the highest levels were at 42 DAE for
biotech soybean (45.94 mg cm™) and 35 DAE to grow non-Bt (45.70 mg cm™). In Douradina higher content of
chlorophyll was for biotech soybean at 28 DAE (38.50 mg cm™) and non-Bt to 49 DAE (36.40 mg cm?) in the
lower third. For TM and TS cultivating Bt was maximum levels at 35 DAE (45.35 and 42.09 mg cm™) and for non
Bt 35 DAE (44.46 and 42.22 mg cm™®) (Figure 1).

Board and Modali (2005) point out that the accumulation of dry matter from the reproductive stage is a major
component to estimate the productivity of soybean, mainly due to higher solar radiation interception and carbon
partitioning to the reproductive organs, which assists in optimizing productivity.

Regarding the chlorophyll content of the plant in different thirds found that the upper and middle third of the sheet
have higher levels of this pigment, which expresses superiority to the lower third of the leaf. Possibly this fact is
connected with the higher concentration of pigment in the fully formed and new leaves (Taiz & Zeiger, 2008).
Similar results were observed by other authors to analyze the loss of green color on the old leaves senescer in
temperature and humidity and hence the intense chlorophyll degradation until complete yellowing of leaves (Hung
& Kao, 1997; Thimann et al., 1982).

Chlorophyll levels in the lower thirds of the plant tend to be less pronounced, because they suffer interference of
the architecture and the arrangement of the leaf canopy, causing the overlapping leaf and can shading (Gil et al.,
2002).

Although the productive capacity of a plant depends essentially on their genetic constitution, the externalization of
such agronomic trait is subject to the conditions of the environment in which it finds itself (Rocha et al., 2012;
Amorim et al., 2011).

In this context it was noted that for plant height had higher values for both cultivars in the region of gold, however,
when comparing cultivars, soybean did not differ from non-Bt, Bt in Dourados and was superior in Douradina,
respectively (Table 2). But the two cultivars in the two regions had superior height to 50 cm suitable for the culture
as a criterion for the selection of new cultivars (Amorim et al., 2011).

Sediyama (2009) found that soybean morphological features variables to cultivate and may be influenced by the
environment such as plant height, ranging from 30 to 200 cm.

For the variable height of the first pod were significantly different among cultivars and locations in which to
cultivate Bt was presented the greatest height of insertion for the two regions, but they all had values sufficient for
performing mechanical harvesting. It was also observed that the Bt cultivar had the highest height of the first pod
in Douradina while cultivating non Bt had similar results in the two regions (Table 2).
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According to Sediyama et al., (2005), so there is no loss at harvest by cutting bar, the minimum height of the first
pod should be 10 to 12 cm in soils of flat topography. Under the conditions of the experiment would have no
problems growing crop losses in flatter topography, since all had height of the first pod of more than 10 cm.

In the region of Dourados, the number of pods per plant for Bt and non-Bt cultivars had higher number compared
with the region Douradina. Analyzing each region independently revealed that the two regions for soybean Bt was
better than the non-Bt number of pods (Table 2).

Production components stand out from the, number of pods per plant and the character that contributes to grain
yield in legumes, since it presents the highest correlations with production (Almeida et al., 2011; Pinchinat &
Adams 1966). Generally, most of the gains in production resulting from increases in the total number of pods per
plant, especially when higher yields are obtained (Mauad et al., 2010).

Table 2. Average number of plant height (PH), first pod height (APV), number of pods per plant (NPP) and yield
(kg ha™") soy Bt and non Bt. Dourados and Douradina, MS, 2012

Height of plant Height of plant
Cultivate - (cm) - (cm)
Locations Locations
Dourados Douradina Means Dourados Douradina Means
Bt 89.80 Aa 78.20 Ab 84.00 A 23.60 Ab 28.80 Aa 26.20 A
non Bt 91.40 Aa 54.60 Bb 73.00B 14.80 Ba 11.40 Ba 13.10B
Means 90.60 a 66.40 b 19.20 a 20.10 a
Number of pods per plant Productivity
Cultivate - (unit) - (kg ha'1)
Locations Locations
Dourados Douradina Means Dourados Douradina Means
Bt 588.20 Aa 290.80 Ab 439.50 A 3276.52 Aa 1212.66 Ab 224459 A
non Bt 476.40 Ba 165.80 Bb 321.10 B 2576.83 Ba 847.75 Bb 1712.29 B
Means 532.30 a 228.30 b 2926.67 a 1030.20 b

Means followed by the same letters, uppercase column compares cultivars at each location and the means of the
local cultivars, tiny line compares sites for each cultivar and places in the cultivar means, do not differ by Tukey
test at 5% probability.

Given the existence of the interaction cultivar versus environments, continuous assessments are required in
network trials in order to determine the agronomic behavior of genotypes and their adaptation to different local
conditions (Porto et al., 2007).

One of the main tools for farmers to increase productivity and stability in production was the use of new soybean
varieties. However, knowing the adaptability and stability of genotypes is essential to mitigate the effects of
genotype versus environment and facilitate the recommendation of cultivars (Lima et al., 2008).

In this context it was found that there was a difference in productivity between the varieties in the two regions,
soybean Bt values greater than the non-Bt. Dourados in the Bt and non-Bt cultivars had higher yields than in the
region Douradina. These results confirm the work of Lemos et al. (2011), Avila et al. (2007) and Garcia et al. (2007)
showed that the productivity of soybeans vary between cultivation sites, due to the effect of environmental factors.

4. Conclusion

From the results obtained, it can be concluded that the Bt technology did not influence the chlorophyll content of
soybean, the two cultivars showed similar levels, with higher concentrations in the middle third of the plants in the
two regions studied.

For the region of Dourados, the highest chlorophyll levels were presented to 42 DAE for soybeans Bt and non-Bt
in TS (43.38 and 42.83 mg cm™) TI (37.90 and 37.41 mg cm™) and TM in the highest levels were at 42 DAE for
biotech soybean (45.94 mg cm™) and 35 DAE to grow non-Bt (45.70 mg cm™). In Douradina higher content of
chlorophyll was for biotech soybean at 28 DAE (38.50 mg cm™) and non-Bt to 49 DAE 36.40 mg cm™) in the
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lower third. For TM and TS cultivating Bt was maximum levels at 35 DAE (45.35 and 42.09 mg cm™) and for non
Bt 35 DAE (44.46 and 42.22 mg cm™).

For agronomic attributes, plant height, first pod height, number of pods per plant and yield Bt soybeans had higher
values compared to non-Bt soybeans in two environmental studies.
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