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Abstract: Dehydration-responsive element-binding (DREB) transcription factors regulate diverse
processes during plant development. Here, a 2-year field study was conducted to assess the potential
effects of DREB-genetically modified maize (GM1) on arthropod species and ecological communities.
Arthropod abundance, diversity, and community composition in GM1 and its non-transformed
counterpart maize variety, Chang 7-2, were compared using whole plant inspection, pitfall trap, and
suction sampler methods. Based on Shannon–Wiener diversity, Simpson’s diversity, Pielou’s indexes,
number of species, and total number of individuals, GM1 had a negligible effect on arthropod abun-
dance and diversity. Redundancy analysis indicated that the composition of arthropod community
was not associated with maize type in the three investigation methods, while it exhibited significant
correlation with year and sampling time in whole plant inspection and suction sample methods, and
distinctly correlated with sampling time in the pitfall trap method. Nonmetric multidimensional
scaling analysis of variable factors in the three investigation methods showed that sampling time,
rather than maize type or year, was closely related to the composition of arthropod community in the
field. Our results provide direct evidence to support that DREB-GM maize had negligible effects on
arthropods in the Jilin Province under natural conditions.

Keywords: drought-resistant genetically modified maize; arthropods; abundance; diversity;
community composition

1. Introduction

Worldwide, adverse environmental factors can cause up to 70% loss of crop yields,
with drought being the most important abiotic stress factor affecting maize production.
Furthermore, global warming has intensified the frequency of occurrence of drought,
which, in recent years, has affected 2× 107 hm2 annually in China, severely reducing maize
yields [1–3].

With the development of genetically modified crops, the safety of transgenic plants
and their impact on biodiversity have become increasingly important for research [4]. In
China, 10 plant varieties have been approved for agricultural GM safety certificates, includ-
ing insect-resistant and herbicide-resistant maize. Drought-resistant genetically modified
maize has great potential to alleviate conditions of drought, and it is currently being actively
researched and developed. Additionally, the arthropod community is important for maize
production because the species involved play a crucial role in maintaining the ecological
balance in farmlands [5–12]. Drought-resistant genetically modified crops show drought
resistance mechanisms that improve their water use efficiency (WUE); however, whether
the genetic modifications may have an impact on arthropods is unknown [13], although

Plants 2022, 11, 1092. https://doi.org/10.3390/plants11081092 https://www.mdpi.com/journal/plants

https://doi.org/10.3390/plants11081092
https://doi.org/10.3390/plants11081092
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/plants
https://www.mdpi.com
https://doi.org/10.3390/plants11081092
https://www.mdpi.com/journal/plants
https://www.mdpi.com/article/10.3390/plants11081092?type=check_update&version=2


Plants 2022, 11, 1092 2 of 15

there are few reports on the impact of drought-resistant crops, especially on arthropods.
Thus, China’s agricultural genetically modified organisms (GMO) safety management
measures require that genetically modified maize must be subjected to a rigorous environ-
mental safety assessment before commercialization, among which the impact assessment
on the arthropod community is an important part [14,15]. To date, many laboratories have
conducted field trials to study the potential ecological effects of genetically modified crops
on non-target organisms, while most of them have focused on insect-resistant or herbicide-
resistant crops [16–21]. At present, most studies on genetically modified drought-resistant
crops have focused on gene discovery and functional verification, while environmental
safety assessments are limited to the evaluation of competitiveness for survival and its
effects on available nutrients, enzyme activities, and microbial community diversity in
rhizosphere soil [22–29]. However, the effects of drought-resistant genetically modified
maize on farmland ecosystems have rarely been reported. Thus, whether drought-resistant
maize harms arthropods in the field remains unknown.

The safety assessment of genetically modified maize needs to be conducted for a long-
term study. Herein, we used three methods to evaluate the effects of GM1 on arthropods
in 2016 and 2017 in a field study that aimed to evaluate whether genetically modified
drought-resistant maize, GM1, had a significant impact on the diversity and composition
of arthropods. Although many field and laboratory studies have confirmed that the effects
of GM crops on arthropods were not significant [30], their influence needs to be analyzed
case-by-case as, although some may have no influence on the overall ecological function,
they do alter the composition of arthropods and dominant species [4]. This comprehensive
study will provide useful data for the commercialization of GMO in the future.

2. Results
2.1. Arthropods in Transgenic and Non-Transgenic Maize Plots

In this study, arthropods that were easy to classify were identified to species level,
such as Rhopalosiphum maidis and Monolepta hieroglyphica. Arthropods which were difficult
to classify were identified to family level, such as Tenebrionidae and Formicidae. Through
whole plant inspection, 2249 arthropods of 32 species and families in transgenic and
2130 of 33 species and families in non-transgenic maize (CK) were recorded over the 2-year
experimental period. R. maidis and M. hieroglyphica accounted for 34.59% and 24.37%, and
33.24% and 24.98%, in transgenic and non-transgenic maize fields, respectively (Figure 1A).
In turn, using the pitfall trap method, we recorded 3585 arthropods of 32 species and
families, and 3650 arthropods of 33 species and families, in transgenic and non-transgenic
maize, respectively, over 2 years. The occurrences of arthropods in the two types of maize
were also similar in terms of taxon and number over the 2 years. Furthermore, in the two
types of maize field, Tenebrionidae and Formicidae were the dominant families, accounting
for 34.00% and 23.12%, and 41.34% and 18.22%, in transgenic and non-transgenic maize,
respectively (Figure 1B). Finally, using the suction sampler method, a smaller number of
arthropods was recorded, with a total of 430 arthropods of 16 species and families recorded
in transgenic maize and 437 arthropods of 16 species and families in non-transgenic maize,
over the 2 years of study. R. maidis, M. hieroglyphica, and Harmonia axyridis were the
dominant taxa, accounting for 24.88%, 19.07%, and 12.33%, and 24.26%, 21.05%, and
13.04% in transgenic and non-transgenic maize fields, respectively (Figure 1C). Further, we
analyzed the difference of proportion of R. maidis, which all occurred largely in the three
methods, and the results show that there was no significant difference in the proportion of
R. maidis (p > 0.05).
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Figure 1. Proportions of arthropods found in GM1 and CK maize plots in 2016 and 2017 by (A) whole
plant inspection, (B) pitfall trap, and (C) suction sampler. The taxa with a proportion greater than 1%
are shown individually, while taxa with a proportion smaller than 1% are shown together (others).
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2.2. Impacts of Maize Type, Year, and Sampling Time on Abundance and Diversity of Arthropods

We sampled arthropods using the whole plant inspection, pitfall trap, and suction
sampler methods. The effects of maize type, year, sampling time, and their interactions on
arthropod abundance and diversity indices were evaluated using Shannon–Wiener index
(H′), Simpson’s diversity index (D), number of species (S), Pielou’s evenness index (J),
and the total number of individuals (N). Unequally spaced repeated-measures ANOVA
results showed that maize type had no significant effect on H′, D, J, S, or N of arthropods,
while sampling time did have a significant impact on all these parameters; however, the
interactions between maize type and year, maize type and sampling time, and between
maize type and year and sampling time did not influence any of them, regardless of
sampling method. Furthermore, ANOVA showed that year had a significant impact on
H′, D, and J, when investigated using whole plant inspection or pitfall trap, but only year
influenced D and J significantly when the suction sampler method was used. The above
results indicate that arthropods were affected by sampling time but not by maize type.
Meanwhile, two critical arthropod groups with different feeding habits (Rhopalosiphum
maidis feed on maize, Formicidae do not eat maize directly) were selected to analyze the
difference of their abundance in order to verify the impact of maize types on biodiversity
of critical groups, and the results show that the differences were not significant (p > 0.05).
Specifically, genetically modified maize, GM1, did not influence arthropod abundance or
diversity in the field (Table 1).

2.3. Effects of Maize Type, Year, and Sampling Time on the Community Composition of Arthropods
2.3.1. Time-Dependent Effects of GM1 on Arthropod Community

The effects of maize type, year, and sampling time on the composition of arthropod
community were examined using redundancy analysis (RDA). With the whole-plant in-
spection method, maize type, year, and sampling time explained 36% of the total variation
in the composition of the arthropod community. RDA also showed that both sampling time
(p = 0.0020, F = 60.90, and 999 Monte Carlo permutations) and year (p = 0.0120, F = 3.01,
and 999 Monte Carlo permutations) were significantly correlated with the composition of
the arthropod community, whereas maize type (p = 0.9440, F = 0.44, and 999 Monte Carlo
permutations) was not correlated with it (Table 2, Figure 2).
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Table 1. Multi-factor effects of year (2016 and 2017), maize type (GM1 and CK), and sampling time on diversity and abundance of arthropods.

Investigation
Method

Factor Shannon–Weiner’s
Index (H’)

Simpson’s Diversity Index
(D)

Pielou’s Evenness Index
(J)

Number of Species
(S)

Total Abundance
(N)

Abundance of Critical Groups

Rhopalosiphum
maidis Formicidae

F p F p F p F p F p F p F p

Whole plant
inspection

method

Year 18.823 0.002 ** 61.658 0.000 *** 80.475 0.000 *** 3.964 0.082 0.212 0.657 0 1 2.462 0.155

Maize type 0.064 0.807 0.038 0.85 0.823 0.391 0.367 0.561 1.156 0.314 2.709 0.138 0.427 0.532

Sampling time 19.56 0.000 *** 38.71 0.000 *** 84.41 0.000 *** 21.41 0.000 *** 244.91 0.000 *** 306.456 0.000 *** 10.178 0.000 ***

Maize type with Year 0.202 0.665 0.035 0.857 0.274 0.615 0.187 0.677 0.001 0.979 0.142 0.717 1.094 0.326

Year with Sampling time 15.32 0.000 *** 38.31 0.000 *** 54.47 0.000 *** 2.93 0.041 * 20.33 0.000 *** 53.152 0.000 *** 3.427 0.032 *

Maize type with Sampling time 0.30 0.863 0.10 0.964 0.32 0.868 0.70 0.588 1.09 0.38 1.881 0.179 0.98 0.42

Maize type with Year and
Sampling time 0.21 0.921 0.20 0.905 0.38 0.824 0.35 0.828 2.32 0.07 2.158 0.141 0.344 0.8

Mean ± SD (GM1) 2.312 ± 0.171 0.733 ± 0.028 0.756 ± 0.019 8.866 ± 1.063 37.484 ± 3.085 12.967 ± 1.026 1.467 ± 0.503

Mean ± SD (CK) 2.288 ± 0.170 0.730 ± 0.033 0.765 ± 0.022 8.517 ± 0.917 35.499 ± 2.451 11.800 ± 1.293 1.300 ± 0.626

Pitfall trap
method

Year 23.087 0.001 *** 14.533 0.005 ** 12.843 0.007 ** 5.911 0.041 * 3.275 0.108 0.181 0.682 1.852 0.211

Maize type 2.756 0.135 2.831 0.131 0.024 0.882 4.034 0.079 0.078 0.787 0.647 0.445 4.605 0.064

Sampling time 60.849 0.000 *** 85.218 0.000 *** 163.107 0.000 *** 23.25 0.000 *** 213.789 0.000 *** 46.295 0.000 *** 31.194 0.000 ***

Maize type with Year 1.695 0.229 1.798 0.217 0.114 0.745 3.229 0.11 1.719 0.226 4.942 0.057 4.274 0.073

Year with Sampling time 0.6 0.7 0.884 0.436 1.05 0.373 0.352 0.878 7.037 0.000 *** 8.438 0.006 ** 1.332 0.292

Maize type with Sampling time 1.376 0.254 3.29 0.061 1.51 0.251 1.02 0.420 1.738 0.148 0.659 0.506 1.52 0.25

Maize type with Year and
Sampling time 1.339 0.268 2.37 0.123 1.69 0.216 1.48 0.219 0.902 0.489 1.971 0.181 0.743 0.483

Mean ± SD (GM1) 2.831 ± 0.148 0.799 ± 0.027 0.769 ± 0.023 13.389 ± 0.977 99.584 ± 8.970 4.000 ± 0.920 23.028 ± 5.218

Mean ± SD (CK) 2.733 ± 0.101 0.780 ± 0.020 0.767 ± 0.021 12.333 ± 0.802 101.390 ± 8.549 3.528 ± 0.721 18.472 ± 2.981

Suction
sampler
method

Year 0.578 0.469 5.416 0.048 * 12.626 0.007 ** 1.84 0.212 5.788 0.043 * 1.903 0.205 8.696 0.018 *

Maize type 0.05 0.829 2.476 0.154 2.288 0.169 0.115 0.743 0.027 0.874 0.004 0.954 4.261 0.073
Sampling time 9.825 0.000 *** 22.19 0.000 *** 41.108 0.000 *** 14.973 0.000 *** 104.592 0.000 *** 49.17 0.000 *** 17.171 0.000 ***

Maize type with Year 0.078 0.787 0.319 0.587 2.917 0.126 0.013 0.913 0.197 0.669 0.291 0.604 4.261 0.073

Year with Sampling time 1.122 0.364 0.451 0.653 2.568 0.057 0.50 0.739 3.107 0.029 * 5.148 0.003 ** 7.805 0.000 ***

Maize type with Sampling time 0.816 0.524 0.73 0.501 1.31 0.286 0.42 0.794 1.536 0.215 1.36 0.27 2.341 0.076

Maize type with Year and
Sampling time 0.412 0.799 0.62 0.555 1.71 0.173 0.68 0.614 0.483 0.748 0.556 0.696 0.39 0.814

Mean ± SD (GM1) 2.277 ± 0.227 0.860 ± 0.020 0.903 ± 0.017 6.300 ± 0.937 14.333 ± 2.014 3.567 ± 0.699 0.900 ± 0.307

Mean ± SD (CK) 2.244 ± 0.212 0.831 ± 0.040 0.888 ± 0.024 6.100 ± 0.806 14.567 ± 1.665 3.533 ± 0.911 1.367 ± 0.482

The values in bold font are statistically significant (* p < 0.05; ** p < 0.01; *** p < 0.001).
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Table 2. Monte Carlo permutation test for variable factors in the whole plant inspection method.

Variable Factor Proportion of Variance Explained (%) p F

Sampling time 34 0.0020 ** 60.90
Year 2 0.0120 * 3.01

Maize type 0 0.9440 0.44
Total 36

The values in bold font are statistically significant (* p < 0.05; ** p < 0.01).

Using the pitfall trap method, RDA revealed that maize type, year, and sampling
time, together explained 37% of the variation in the composition of arthropod community.
Moreover, RDA showed that the composition of arthropod community was significantly
correlated with sampling time (p = 0.0020, F = 38.50, and 999 Monte Carlo permutations),
whereas it was not influenced by maize type (p = 0.7660, F = 0.62, and 999 Monte Carlo
permutations) or year (p = 0.1180, F = 1.49, and 999 Monte Carlo permutations) (Table 3
and Figure 3).

Using the suction sampler method, RDA indicated that maize type, year, and sampling
time together explained 33% of the variation of composition of arthropod community.
Furthermore, RDA showed that both sampling time (p = 0.0020, F = 23.71, and 999 Monte
Carlo permutations) and year (p = 0.0480, F = 2.10, and 999 Monte Carlo permutations)
significantly correlated with arthropod community composition but not with maize type
(p = 0.8880, F = 0.50, and 999 Monte Carlo permutations) (Table 4, Figure 4).

Figure 2. RDA for the composition of arthropod community in the whole plant inspection method,
and the relationship of the composition of arthropod community and environmental factors. The red
arrows represent variable factors, and the blue arrows represent arthropod species collected in the
fields. The length of the blue arrows indicates the magnitude of the effect of environmental factors on
arthropods. The cosine of the angle between the red and the blue arrows represents the correlation
between variable factors and arthropods.

Table 3. Monte Carlo permutation test for the variable factors in the pitfall trap method.

Variable Factor Proportion of Variance Explained (%) p F

Sampling time 35 0.0020 ** 38.50
Year 1 0.1180 1.49

Maize type 1 0.7660 0.62
Total 37

The values in bold font are statistically significant (** p < 0.01).
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Figure 3. RDA for the composition of arthropod community in the pitfall trap method, and the
relationship of the composition of arthropod community and environmental factors. The red arrows
represent variable factors, and the blue arrows represent arthropod species collected in the fields. The
length of the blue arrows indicates the magnitude of the effect of environmental factors on arthropods.
The cosine of the angle between the red and the blue arrows represents the correlation between
variable factors and arthropods.

Table 4. Monte Carlo permutation test of the suction sampler method.

Variable Factor Proportion of Variance Explained (%) p F

Sampling time 29 0.0020 ** 23.71
Year 3 0.0480 * 2.10

Maize type 1 0.8880 0.50
Total 33

The values in bold font are statistically significant (* p < 0.05; ** p < 0.01).

Figure 4. RDA for the composition of arthropod community in the suction sampler method, and
the relationship of the composition of arthropod community and environmental factors. The red
arrows represent variable factors, and the blue arrows represent arthropod species collected in the
fields. The length of the blue arrows indicates the magnitude of the effect of environmental factors on
arthropods. The cosine of the angle between the red and the blue arrows represents the correlation
between variable factors and arthropods.
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2.3.2. Similarity of Arthropod Communities in Transgenic and Non-Transgenic Maize Fields

The arthropod community structures in transgenic and non-transgenic maize fields
were further explored using non-metric multidimensional scaling analysis (nMDS). The dis-
tance between the two sampling points was estimated using the Bray–Curtis dissimilarity
index. Differences in the composition of arthropod community among all animal samples
were visualized in the nMDS plot. The samples collected in the nMDS plot were separated
by sampling time but not by maize type or year (Figures 5–7), which was confirmed by
a more detailed analysis of similarity (ANOSIM). A significant correlation was detected
between arthropod community composition and sampling time, but arthropods were not
affected by maize type or year (Table 5).

Figure 5. nMDS plot of community structures of arthropods from GM1 and CK in each sampling
time in 2016 and 2017 using the whole plant inspection method. (A): Blue indicates transgenic maize,
and green indicates non-transgenic maize. The circles with the numbers 1 to 60 indicate the sampling
points in 2016. Numbers 1–3, 7–9, 13–15, 19–21, 25–27, 31–33, 37–39, 43–45, 49–51, 55–57: transgenic
maize from 1st to 10th stage respectively; while 4–6, 10–12, 16–18, 22–24, 28–30, 34–36, 40–42, 46–48,
52–54, 58–60: non-transgenic maize from 1st to 10th stage respectively. The triangles with the numbers
61 to 120 indicate the sampling points in 2017. Numbers 61–63, 67–69, 73–75, 79–81, 85–87, 91–93,
97–99, 103–105, 109–111, 115–117: transgenic maize from 1st to 10th stage respectively; while 64–66,
70–72, 76–78, 82–84, 88–90, 94–96, 100–102, 106–108, 112–114, 118–120: non-transgenic maize from 1st
to 10th stage respectively. (B): Shepard stress plot.
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Figure 6. nMDS plot of community structures of arthropods from GM1 and CK in each sampling
time in 2016 and 2017 using the pitfall trap method. (A): Blue indicates transgenic maize, and
green indicates non-transgenic maize. The circles with the numbers 1 to 36 indicate the sampling
points in 2016. Numbers 1–3, 7–9, 13–15, 19–21, 25–27, 31–33: transgenic maize from 1st to 6th stage
respectively; while 4–6, 10–12, 16–18, 22–24, 28–30, 34–36: non-transgenic maize from 1st to 6th stage
respectively. The triangles with the numbers 37 to 72 indicate the sampling points in 2017. Numbers
37–39, 43–45, 49–51, 55–57, 61–63, 67–69: transgenic maize from 1st to 6th stage respectively, while
40–42, 46–48, 52–54, 58–60, 64–66, 70–72: non-transgenic maize from 1st to 6th stage respectively.
(B): Shepard stress plot.

Figure 7. nMDS plot of community structures of arthropods from GM1 and CK in each sampling
time in 2016 and 2017 by the suction sampler method. (A): Blue indicates transgenic maize, and green
indicates non-transgenic maize. The circles with the numbers 1 to 30 indicate the sampling points
in 2016. Numbers 1–3, 7–9, 13–15, 19–21, 25–27: transgenic maize from 1st to 5th stage respectively;
while 4–6, 10–12, 16–18, 22–24, 28–30: non-transgenic maize from 1st to 5th stage respectively. The
triangles with the numbers 31 to 60 indicate the sampling points in 2017. Numbers 31–33, 37–39,
43–45, 49–51, 55–57: transgenic maize from 1st to 5th stage respectively; while 34–36, 40–42, 46–48,
52–54, 58–60: non-transgenic maize from 1st to 5th stage respectively). (B): Shepard stress plot.
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Table 5. Effects of maize type (GM1 and CK), year, and sampling time on the community structure of
arthropods (nMDS structure) in 2016 and 2017.

Correlation with
nMDS Structure

Whole Plant
Inspection Method

Pitfall Trap
Method

Suction Sampler
Method

R2 p R2 p R2 p

Sampling time 0.80 0.001 *** 0.67 0.001 *** 0.49 0.001 ***
Year 0.00 0.07 0.00 0.26 0.00 0.112

Maize type 0.00 0.994 0.00 0.897 0.00 0.986
The values in bold font are statistically significant (*** p < 0.001).

3. Discussion

Biodiversity of arthropod communities is an important evaluation index for the safety
of genetically modified crops. We present the analysis of the arthropod communities
affected by the cultivation of the genetically modified drought-resistant maize cultivar, GM1.
We provide basic safety data for the risk assessment associated to the commercialization of
drought-resistant maize, GM1.

Although GM crops have significantly improved crop quality and resistance, they have
also sparked intense debate regarding their safety [31]. With the increase in commercial
applications and the expansion of the planting area of GM crops, their biosafety to arthro-
pods has become a major concern. To date, studies on genetically modified insect- and
herbicide-resistant maize have shown that maize type has no significant effect on arthropod
diversity [32–38]. Moreover, it has been demonstrated that maize type and year do not
have significant impacts on biodiversity [39–42]. Genetically modified wheat, TB4, has no
significant effects on the content of available nutrients, enzyme activities, or diversity of
the microbial community in the soil rhizosphere [25]. Similarly, drought-tolerant wheat
(Triticum aestivum L.) and genetically modified dehydration-responsive element-binding
3 (DREB3) drought-resistant soybeans have low potential weediness [26,27]. A significant
effect on the number of bacteria, actinomycetes, fungi, Trichoderma, or Azotobacter in the
rhizosphere of transgenic drought resistant soybean was not observed [28]. In our 2-year
field trial conducted under natural conditions, we found that genetically modified drought-
resistant maize, GM1, had no significant effect on arthropod biodiversity. This result is
consistent with previous studies showing that genetically modified maize did not affect
arthropod biodiversity in the field.

In this study, the effects of genetically modified maize showed that sampling time
and year were more related to the diversity and richness of arthropods than maize type.
The results of Guo and Fan support this view [17,18,40]. Furthermore, RDA showed that
sampling time and year were the leading causes of variation in the arthropod community
composition, which may be explained as follows: (1) sampling times differ with weather
conditions, (2) sampling years differ in climatic conditions, and (3) arthropods are influ-
enced by climate conditions in a complex manner. The multivariate permutation test for
analyzing the effects of maize type, year, and sampling time showed that sampling time
had a close relationship with Bray–Curtis distances but not maize type or year. Arthropod
diversity and composition were also affected by environmental factors, such as climate,
humidity, temperature, and light [41], which may explain why sampling time was the main
reason for variation.

Analysis of five parameters, including Shannon–Wiener, Pielou’s, Simpson’s indexes,
number of species, and the total number of individuals, showed that GM1 had a negligible
effect on arthropod abundance and diversity. Furthermore, RDA and nMDS of the variable
factors in the three investigation methods indicated that the arthropod community com-
position was not associated with maize type. Moreover, the three arthropod investigation
methods used in this study complemented each other to provide a more comprehensive
collection of arthropods [43–45]. However, using these three methods simultaneously is an
intensive and complex operation; hence, we are trying to simplify the sampling method
without compromising a comprehensive sample collection.
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This field study evaluated the environmental safety of drought-resistant genetically
modified maize, GM1, in Jilin in 2016 and 2017, when annual precipitation was normal
(drought). Results revealed that the maize type had no impact on the diversity, abundance,
or composition of the community of arthropods. Therefore, we concluded that planting
drought-resistant genetically modified maize GM1 in Jilin Province will not adversely affect
the environment.

4. Materials and Methods
4.1. Experimental Materials

Genetically modified DREB maize (GM1) and its non-transformed counterpart (CK)
were used in this study.

4.2. Experimental Field

Safety assessment trials were conducted in 2016 and 2017 at the Jilin Academy of
Agricultural Sciences in Gongzhuling, Jilin Province, China (43◦30′ N, 124◦49′ E).

Jilin Province is a vital spring maize production region in China; however, Jilin is a
rainfed agricultural area, in which various degrees of drought occur annually [46]. In the
2 years of study, precipitation was normal, which was 772.5 and 546.9 mm in 2016 and
2017, respectively, and it mostly occurred from May to September (84.3% in 2016 and
94.5% in 2017). Meteorological data were obtained from the Gongzhuling Meteorological
Observatory in Jilin.

4.3. Experimental Design

Maize seeds were planted on 5 May in 2016 and 2017. Three replicate plots for each
cultivar (GM1 and Chang 7-2 (CK)) were established in a completely randomized de-
sign [17,18,39,40,47]. According to the National Standards of the People’s Republic of
China, Ministry of Agriculture Announcement No. 2122-10.4-2014, the following exper-
imental set up was established: Each plot was 10 m wide and 15 m long and contained
25 rows with 60 cm spacing. There were 40 plants in each row, 25 cm apart. No pesticides
were applied during the growth period [48]. This study was approved by the Ministry of
Agriculture of the People’s Republic of China and by the Genetically Modified Organism
Safety Team at the Jilin Academy of Agricultural Sciences, China. The field study did not
involve endangered or protected species.

4.4. Sample Collection Methods

The Ministry of Agriculture Announcement No. 2122-10.4-2014 requires the use
of whole plant inspection, pitfall trap, and suction samplers to evaluate the impact of
biodiversity [48]. The whole plant inspection method was more flexible and simpler, the
suction sampler was very effective in catching small and flying arthropods, and the pitfall
trap method could continuously collect ground-dwelling arthropods in the daytime and
at night [43–45]. The use of these methods provides a more comprehensive collection
of arthropods.

4.4.1. Whole Plant Inspection Method

Arthropods were investigated every 7 d (depending on the weather) from day 10 after
the final plant thinning to maturity. A five-spot sampling method was used to investigate
the arthropods in each plot: one was located at the center of the plot, and the other four
were located at the middle of the lines that connected the center of the plot and the plot
corners. At each sampling spot, we randomly and gently turned over five maize plants one
by one and quickly counted the visible arthropods on the plant surface and on the ground
within 1 m2 around the plant. During the investigation, the number of active insects and
spiders were counted.
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4.4.2. Pitfall Trap Method

Arthropods were investigated every 10 d (depending on the weather) from day 10 after
final thinning to maturity. A five-spot sampling method was used. Three pitfall traps with
a spacing of 0.5 m were established at each sampling spot in every plot. For each trap, a
plastic cup (15 cm in diameter × 10 cm in depth) was buried in the soil, with the upper rim
of the cup level with the ground. Each cup was then placed in 5% detergent diluent (no
more than 1/3 of the cup volume). Traps were exposed to the field for approximately 24 h,
after which they were removed, and the trapped arthropods were collected and stored in
75% ethanol for species and number identification.

4.4.3. Suction Sampler Method

The first investigation was conducted 15 days after final thinning of maize, and then
it was repeated at the mid-whorl and late whorl stages, at the peak of the silking stage,
and the late grain-filling stage. Arthropods were investigated five times in total using this
method. A five-spot sampling method was used again in this case. At each sampling site,
five maize plants were randomly selected, and the arthropods on the whole maize plant
and on the ground within 1 m2 of the plant were extracted with a suction sampler (John W.
Hock Co. Gainesville, FL, USA).

The unknown species sampled by the above methods were collected and stored in a
5 mL plastic tube containing 75% alcohol and brought to the laboratory for identification
under an insect anatomical lens (Motic, Xiamen City, China).

4.5. Statistical Analysis

As a single method cannot comprehensively evaluate the arthropod community, it
is necessary to use a combination of methods to obtain a more comprehensive under-
standing. Therefore, diversity indices (Shannon–Weiner and Simpson’s indexes, and for
evenness, Pielou’s index), abundance indices, redundancy analysis (RDA), and nonmetric
multidimensional scaling (nMDS) were used in this study.

Arthropod diversity and abundance were analyzed using the Data Processing System
(DPS, version 2006 package, China). The Shannon–Wiener index (H′), Simpson’s diversity
index (D), and Pielou’s index (J) were calculated as follows:

H′ = −
S

∑
i=1

Pi ln(Pi) (1)

where Pi is the proportion of individuals belonging to the ith taxon in a single plot.

D = 1−
S

∑
i=1

Ni(Ni − 1)
N(N − 1)

(2)

where Ni is the individual number in the ith taxon in one plot, and N is the total number of
animals in one plot.

J = H′/ln S (3)

where, S is the genus number of the collected arthropods in one plot.
In this study, maize type, year, and sampling time were considered as the factors

presumably influencing arthropod abundance and diversity. They were all used as fixed
factors when analyzing for repeated-measures ANOVA (SPSS 23.0).

According to Guo’s research in 2016 [17,18], this study used RDA, a canonical analysis
for studying environmental safety and analyze the relationships among arthropods and
the relationships between arthropods and maize type, year, or sampling time, to identify
the influencing factors of arthropod community. RDA can be performed using CANOCO
4.5 [41,49]. In addition, nonmetric multidimensional scaling (nMDS) was used to indi-
cate the effects of each influencing factor on arthropod community, which is an indirect
ordination method that can reveal the similarity of arthropod samples through metric multi-
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dimensional scale analysis using the Bray–Curtis distance between sampling points [50,51].
nMDS was conducted using the Vegan package in R (v.4.0.4; R Development Core Team).

5. Conclusions

Maize variety did not influence arthropod abundance, diversity, or community compo-
sition over 2 consecutive years of study in the field. Further, RDA indicated that maize va-
riety did not significantly affect arthropod community composition. These results strongly
suggest that the cultivation of DREB-GM maize does not affect the arthropod community.
However, considering the limitations of time and area of influence inherent to this study,
long-term field experimentation in a larger area is necessary to guarantee the environmental
and ecological safety of genetically modified crop plants.
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