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Abstract

Transgene insert location in the genome through different methods is random. Thus, alterations in
the expression of desired trait may occur, as well as alterations in the expression of other charac-
teristics of receptor plant. The purpose of this study was to compare Bt transgenic maize hybrids
and the respective conventional isogenic hybrid in relation to adaptability and phenotypic stabili-
ty. Field trails were set up in four locations of Minas Gerais, Brazil (Campo do Meio, Lavras, Madre
de Deus and Paraguacu). A randomized complete block design was used, with three replications,
and the treatment structure was a factorial 6 x 2, with six hybrids in the transgenic and conven-
tional versions. Plant and ear height and grain yield were evaluated. To estimate stability, the
Anicchiarico, Wricke and AMMI methodologies were used. Grain yield and ear height of the trans-
genic hybrids and their respective conventional isogenic hybrid did not differ. There are differ-
ences in the phenotypic stability between transgenic hybrids with Bt technology and their coun-
terpart conventional isogenic hybrid.
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1. Introduction

In 2014, biotechnological crops occupied 42.2 million hectares in Brazil [1], with the area planted to transgenic
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maize with the Bt gene at approximately 12.5 million hectares. Rapid adoption of this technology by Brazilian
producers has been observed in consideration of the fact that the first varieties of genetically modified maize
were released for planting in 2008.

Bt maize cultivars are obtained through insertion of a determined gene of the Bacillus thuringiensis bacteria
by biolistic device or by Agrobacterium tumefaciens in the genome of this species [2]. In these two plant trans-
formation systems, the location of insertion of the desired gene in the plant genome is at random.

Random insertion of the gene may sometimes result in alterations in the DNA sequence to be inserted and
may sometimes alter the genome of the receptor [3] [4]. Thus, alterations in the expression of desired characte-
ristics may occur, as well as alterations in the expression of other characteristics of receptor plants [4] [5]. Mor-
phological alterations in various crops are described in the literature, such as rice [6], soybeans [7], cotton [8]
and maize [9].

Another aspect of interest in studies with transgenic cultivars with the Bt gene is associated with the genotype
by environment interaction (GXE), which is directly associated with the analyses of phenotypic stability of the
cultivars.

The GXE interaction is characterized when the behavior of breeds, inbred lines or cultivars is not consistent in
the different environments, i.e., the responses of the genotypes are different in the face of alterations that occur
in the environments [10]. The nature of the interaction must be attributable to physiological and biochemical
factors belonging to each cultivar. In genetic terms, the interaction may occur when the contribution of the genes
that control the trait or its level of expression differ among the environments. This occurs because the gene ex-
pression is affected and/or regulated by the environment [11].

Analyses of stability seek to evaluate the reaction of a genotype in relation to other genotypes in different en-
vironments [12]. Differences in insect and disease resistance may be associated with the stable or unstable per-
formance of the cultivar [13]. Thus, Kang [13] reports that if the GXE interaction were caused by damages from
the European Corn Borer (Ostrinia nubilalis), a gene conferring resistance to this pest, for example Bt, could be
inserted in the plants. That way, greater stability could be conferred to the genotype. As such, Blanche et al. [8]
comparing transgenic cotton cultivars with the respective non-transgenic isogenic lines, observed that there are
differences in the levels of phenotypic stability in accordance with the characteristic analyzed and the event used.
In the literature, results comparing transgenic maize hybrids with the respective non-transgenic isogenic lines in
regard to adaptability and phenotypic stability are scarce.

In light of the above, the purpose of this study was to compare transgenic maize hybrids with the respective
non-transgenic isogenic hybrid in relation to agronomic traits and the phenotypic stability.

2. Material and Methods

The experiments were conducted in the summer 2009/2010 crop season in a no-till system in four locations in
the southern region of Minas Gerais, Brazil: Campo do Meio (850 m altitude, 21°05'S and 45°34'W), Lavras
(988 m, 21°14'S and 45°00'W), Madre de Deus (1018 m, 21°31'S and 42°20'W) and Paraguacu (720 m, 21°45'S
and 45°15'W).

Six single hybrids were evaluated (AG8060, AG8088, DKB185, IMPACTO, MAXIMUS and P30F53), in the
transgenic versions with the Bt gene and conventional versions. The AG8060, AG8088, DKB185 and P30F53
transgenic hybrids belong to the group of cultivars with the MONB810 event. The Impacto and Maximus hybrids,
for their part, also in the transgenic version, are derived from the BT11 event. The hybrids belong to different
Seed Companies in Brazil. They were selected because they were available in the seed market in both conven-
tional and transgenic versions in the season 2009/2010. A randomized complete block design with three replica-
tions was used. The treatment structure was a factorial 6 x 2, with six hybrids and two types, transgenic and
conventional versions. Plots consisted of four five-meter length rows spaced at 0.80 m. The two center rows
were considered to be useful for data collection. Density was five plants per linear meter after thinning, equiva-
lent to 62,500 plants per hectare.

At sowing time, 450 kg-ha * of the formula 8(N):28(P,05s):16(K,0) was used. Top-dressing fertilization was
carried out when the plants were in the stage of 4 - 5 fully expanded leaves, with the application of 300 kg-ha ™
of the formula 30(N):00(P,05):20(K,0).

Plant height, ear height and grain yield characteristics were evaluated. Evaluation of plant height as well as
ear height was undertaken with the aid of a measuring tape, measuring five plants per plot. Plant height was
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measured from ground level up to the base of the tassel and ear height from ground level up to the base of the
first ear node.

Grain yield was determined after harvest, shelling of the ears and weighing the grain. Moisture content was
determined immediately after harvest and the yield, quantified in kg, was adjusted to the value of 13% moisture
content and expressed in kg-ha .

For the grain yield trait, with a view toward correcting irregularities in stand, analysis of covariance was car-
ried out according to Ramalho et al. [14]. Average yields of the plots, in all the experiments, were corrected to
ideal stand (50 plants/8m?).

Before undertaking individual and joint statistical analyses, an analysis for all the traits evaluated was under-
taken for the purpose of verifying if there were statistical differences between the transgenic events MON810 e
BT11 used in this experiment.

Analyses of individual variances were made for all the characteristics evaluated. Subsequently, joint analyses
were also made.

Before undertaking joint analyses, the homogeneity of the residual variances among the environments was
checked by means of the ratio between the greatest and least mean square error of the environments. The va-
riances were considered homogeneous when the value was less than seven, in accordance with Pimentel Gomes
[15]. That way joint analysis of variance of the data may be performed.

Individual and joint analyses were undertaken by means of the “GLM” (General Linear Models) procedure of
the SAS v 8.0 statistical computing package [16]. Mean values were grouped by means of the Scott-Knott test at
5% probability using the Genes computing package [17].

To estimate hybrid stability (conventional and transgenic), the Anicchiarico [18], Wricke [19] and AMMI
(Additive Main Effects and Multiplicative Interaction Analysis) methods were chosen [20] [21]. These methods
were chosen for providing easily interpretable results.

AMMI uses ordinary ANOVA to analyze the main effects (additive part) and Principal Component Analysis
(PCA) to analyze the non-additive residual left over by the ANOVA [21]. The interaction is the genotype PCA
score multiplied by that of the environment. When a genotype and environment have the same sign on their re-
spective first PCA axis, their interaction is positive, if different, their interaction is negative. An AMMI plot is a
graph where aspects of both genotypes and environments are plotted on the same axis so that interrelationship
can be visualized. It provides a pictorial view of the transformed G x E interaction [21] for any interpretation. In
a biplot where IPCAL is on the vertical axis and mean yield on the horizontal, genotypes that appear almost on a
perpendicular line had similar means and those that fall almost on a horizontal line had similar interaction pat-
terns. Genotypes or environments with large IPCAL scores, either positive or negative had large interactions,
whereas genotypes with IPCA1 score of zero or nearly zero had smaller interactions [21]. The biplot of the first
two IPCA axis demonstrates the relative magnitude of the GEI for specific genotypes and environments. The
further away from the axis center genotype or environment is, the larger the genotype x environment interaction

To verify the significance of the hybrid stability provided by the method of Wricke [19], (Ho: W? = 0), the
statistical test proposed by Lisbao Junior was used [22]. However, the tester was altered by the mean square er-
ror, which is justified by the hybrid x location interaction being of a fixed nature in the present study.

3. Results and Discussion

By means of analysis of variance of the characteristics evaluated, more specifically of the contrast test, it was
observed that the MON810 and BT11 events were not statistically different between themselves (data not
shown). That way it was inferred that the events may be considered as having equal effects. They were thus
grouped in a single category (Bt transgenics), belonging to the “types” source of variation, for later performance
of statistical analyses.

By means of joint analyses of variance involving the four experiments, significance (P < 0.05) was observed
for the diverse sources of variation for all the characteristics evaluated (Table 1). It was observed that these sig-
nificant sources were common for the parameters evaluated, plant height and ear height, with the exception of
“Types” for plant height.

It may be verified that the Locations source of variation was significant for the three traits evaluated (Table 1).
Results like this are common since each location has different edaphoclimatic conditions. Consequently, these
may have a different effect on performance of the hybrids evaluated.

()
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For the Types variation source, significance shows that there were differences between transgenic and con-
ventional hybrids in relation to plant height (Table 1). It was observed that transgenic plants with Bt technology
were larger than the plants without this technology, with mean values of 231 cm and 227 cm respectively (Table
2). The comparative analysis of the values of plant height, ear height and grain yield did not show significant
differences between the transgenic hybrids and the respective isogenic hybrid [23].

Significance of the Hybrid x Types interaction shows that hybrid performance in relation to plant height and
ear height depends on the version (transgenic or conventional). It was verified that the hybrid P30F53, in the
transgenic version, had greater plant height than its respective conventional version (Table 2). Similar results
were reported by Magg et al. [9]. The authors concluded that transgenic plants of Bt maize, when grown under
controlled conditions, were larger in relation to the plants of the respective conventional versions. The hybrids
DKB185 and P30F53, in the transgenic version, had greater ear height in relation to the respective conventional
isogenic lines (Table 2).

For the plant height, ear height and grain yield characteristics, significance was verified for the interaction
between Locations x Hybrids (Table 1). It is known that plant development may be different according to the
prevailing climatic conditions in the different locations of evaluation. It may thus be affirmed that at least one
hybrid had better performance for the characteristics evaluated in at least one location.

The Types source of variation for grain yield was not significant (P > 0.05) (Table 1). This result indicates

Table 1. Summary of joint analyses of variance involving the four locations for plant height and ear height and grain yield,
of transgenic hybrids and their respective conventional versions.

v - Plant height Ear height Grain yield
QM Pr>F QM Pr>F QM Pr>F
Locations (L) 3 5363.19 <0.0001 2320.54 <0.0001 48,657,015.3 <0.0001
Blocks/L 8 154.68 0.1468 50.86 0.7558 688,066.6 0.6550
Hybrids (H) 5 212.08 0.0673 47.25 0.7156 1,910,755.4 0.0782
Types (T) 1 667.36 0.0110 126.56 0.2162 3,538,976.1 0.0541
HT 5 1087.3 <0.0001 461.14 0.0001 1,344,499.5 0.2151
(G'A) (33) 1,184,304.15 0.1843
L*H 15 307.36 0.0004 233.74 0.0011 1,713,737.9 0.0403
L'T 3 65.05 0.5799 158.97 0.1275 1,474,326.9 0.1980
L'H'T 15 296.71 0.0007 208.55 0.0033 597,234.8 0.8311
Error 88 98.81 81.54 928,340.8
CV (%) 4.32 7.25 13.68
Mean 229 124 7039.25

Table 2. Mean values of transgenic maize hybrids and of their respective non-transgenic isogenic hybrid in reference to the
plant height, ear height and grain yield traits, obtained by means of joint analysis of the four locations.

Plant height Ear height Grain yield

Hybrids

Conv Trans Mean Conv Trans Mean Conv Trans Mean
AG8060 231 A 232 A 230 122 A 126 A 123 7546 8493 8019 a
AG8088 231 A 236 A 234 124 A 126 A 125 8371 8790 8581 a
DKB185 228 A 240 A 232 117 B 131 A 123 8204 8461 8332 a
Impacto 231 A 230 A 226 127 A 123 A 126 7593 8284 7939 a
Maximus 231 A 232 A 228 131 A 120 A 126 8188 7942 8065 a
P30F53 226 B 236 A 227 119B 126 A 122 8655 8469 8562 a

Mean 227B 231 A 123 125 8093 8406

“Mean values followed by the same small letter in the column and capital letter in the line belong to the same grouping by the Scott-Knott test at 5%

probability.
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that performance of the hybrids, both conventional and transgenic, were similar. Similar results were obtained in
studies carried out in the United States and Brazil [23] [24]. When the yield of similar cultivars is compared,
transgenic and conventional, it is observed that, controlling other factors, in conditions where there is no pres-
sure of pests and/or insects from the environment on crop development, the yield of the conventional crop is
equal to or slightly higher than the yield of the crop with transgenic [24].

The interaction between Hybrids x Types for grain yield was also not significant (P > 0.05) (Table 1). That
shows the performance of transgenic hybrids with the Bt gene is similar to that of their respective conventional
isogenic hybrid (Table 2). These results are also in agreement with those found by Graeber et al. [25], Ma and
Subedi [26] and Laserna et al., [27]. Nevertheless, Magg et al. [9] undertaking a study in two environments, one
with pest control and another without any corn worms infestation, reported that in both the experiments, the
transgenic hybrids had a greater yield than the counterpart isogenic hybrid. Generally, Bt corn hybrids out
yielded their non-Bt hybrids by 13% - 23% when European corn borer infestation was severe [28].

In Brazil, a rapid increase has been observed in substitution of conventional hybrids for hybrids with Bt tech-
nology. Consequently, a tendency of rising costs for hybrid seeds is noted, which may make its adoption unvia-
ble for a large group of farmers. An increase in the cost of transgenic seeds with the Bt gene is observed in the
order of US$40.00 to US$80.00 per bag when compared to the same seed without the Bt technology. Thus, it is
important to take into consideration at the time of recommending the hybrid if the use of the Bt technology will
compensate the greater seed cost.

The mean values, the estimates of ecovalence (W.%), of the relative contribution of each genotype to the inte-
raction (CR;) by the method of Wricke [19] and of the confidence index (I;), the mean of the percentages of each
hybrid in the four environments (p;) and the standard deviation (s;) of each hybrid, by the method of Anicchiari-

o0 [18], for grain yield of transgenic maize hybrids and the respective conventional isogenic hybrid, are pre-
sented in Table 3.

It may be observed that the hybrid Maximus showed the greatest relative contribution to the interaction, 18.8%
in the transgenic version, and also showed the lowest contribution, with 2.7% in the conventional version (Table
3). That way, in the transgenic version, this hybrid has less stability in relation to the respective non-transgenic
isogenic hybrid. This result may be explained as a result of the non-coincidence of the performance of this hy-
brid in the different locations of evaluation. The hybrids AG8088 and P30F53 in the transgenic version also had
a greater relative contribution to the interaction, exhibiting less stability. In contrast, the hybrids AGB8060,
DKB185 and Impacto exhibited less stability in the conventional version.

By means of the modified test of Lisbao Junior at 5% probability, it was observed that only the Maximus hy-
brid with Bt technology contributed in a significant manner to the interaction. Thus, this hybrid was not consi-

Table 3. Mean values and estimates of the parameters of phenotypic stability by means of the methods of Anicchiarico (1992)
and Wricke (1965) for grain yield of transgenic and conventional maize hybrids.

Hybrids Type Wricke Anicchiarico
W/ CR;i(%) pi Si li

AG8060 C 2,326,610.2 5.9 85.8 731 90.7
AG8060 T 1,594,549.7 4.1 99.7 49 103.0
AG8088 C 2,838,238.4 72 97.7 6.2 101.9
AG8088 T 4,369,838.9 11.2 101.1 9.4 107.4
DKB 185 C 6,002,182.6 15.3 95.1 6.3 99.3
DKB 185 T 2,301,399.3 5.9 95.6 10.6 102.8
Impacto C 3,139,719.2 8.0 85.3 8.9 91.3
Impacto T 1,487,945.4 338 96.7 5.0 100.1
Maximus C 1,064,817.3 2.7 96.2 43 99.1
Maximus T 7,351,156.1 18.8™ 88.5 11.0 95.9
P30F53 C 1,585,016.8 4.1 101.4 5.3 105.0
P30F53 T 5,039,089.0 12.9 97.2 8.8 103.2

“C—conventional; T—transgenic; ~Significant by the test of Lisb&o Jinior at 5% probability.

@)
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dered stable while the others were considered stable.

According to the confidence index of Anicchiarico [18], at the 25% level of significance, in the worst of hy-
potheses, the hybrids AG8060 and AG8088 in the transgenic version had performance 3.5% and 9% superior to
the mean of the environment (Table 3). It is also observed that the Maximus hybrid in the transgenic and con-
ventional versions, even under favorable environmental conditions, had performance 1.1% and 4.8% below the
mean of the environment.

In relation to AMMI analysis, it was observed that only the first main component (CP1) of the decomposition
of the GxE interaction was significant, explaining 58.75% of the square sum of the interaction. It may be in-
ferred that this axis concentrates the greatest proportion of the differential response pattern of the hybrids ac-
cording to the locations.

The AMMI diagram (Figure 1) shows that the hybrids, AG8060 transgenic and Impacto transgenic stood out
with lower scores of the CP1, indicating that they contributed less to the interaction. Thus, these hybrids were
more stable.

The hybrids AG8060 and Impacto in the transgenic version were more stable in relation to the respective
conventional isogenic hybrid when compared by the three methods proposed. This result may be explained in
terms of these hybrids with Bt technology being more tolerant to pest attack. Phenotypic stability for grain yield
depends on various plant characteristics, among them, grain yield itself and resistance to insect pests [29]. Nev-
ertheless, when the Bt gene is inserted in the genome of maize plants, it is expected that they are capable of
bearing a greater pest attack, maintaining the same yield when compared to plants without this gene. Similar re-
sults were reported by Blanche et al. [8] when the authors compared Bt transgenic cotton cultivars with the re-
spective conventional isogenic lines. The authors concluded that the transgenic cultivars were more stable than
the conventional cultivars for the plant height characteristic and percentage of linters, among others.

45
@ Madre de Deus
B MAXIMUS T
M DKB185 T
Campo do Meio @ M DKB185 C
- IMPACTO T
g AG8060 C M B W AG8060T
2 0
§ . @ Locations
Paraguacu
IMPACTO C | B Hybrids
MAXIMUS C
AG8083C Ml WM AG808S T
P30F53 C
M P30F53 T
@ Vitorinha
-45 T T T T T 1
4000 5000 6000 7000 8000 9000 10000
Yield (kg ha™)

Figure 1. Biplot AMMI 1 of the contribution to relative interaction to the first axis of analysis of the main components of the
six hybrids in the transgenic (T) and conventional (C) versions and of the four locations of evaluation.
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In this research, it was seen that the phenotypic stability was different for some maize hybrids when compared
transgenic hybrids and the conventional isogenic hybrid. However, it does not allow us to conclude that trans-
genic hybrids are more stable than conventional hybrids as proposed by Kang [13]. In that way, more researches
are needed to be done to verify if there is difference in the phenotypic stability among transgenic and conven-
tional hybrids.

4. Conclusions

Plant height of the hybrids varies according to the type of hybrid (conventional or transgenic); in general, the
transgenic hybrids have greater plant heights than the conventional hybrids.

Grain yield and ear height of the transgenic hybrids and their respective conventional isogenic hybrid were
similar.

There are differences in the phenotypic stability between transgenic hybrids with Bt technology and their re-
spective conventional isogenic hybrid.
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