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Effect of transgenic cotton litter decomposition under elevated ozone
concentration on soil Collembola
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Abstract [Objectives] Transgenic Bt cotton has been widely cultivated in China. Decomposition of transgenic plant litter
under different climate scenarios should be closely correlated with nutrient cycling and plant productivity. However, the
interactive effect of transgenic cotton and elevated ozone on soil fauna has not been previously studied. [Methods] A field
litterbag experiment including two cotton varieties (GK12 and its control SM3) and two ozone concentrations (ambient air and
elevated ozone) was designed to investigate the effects of transgenic cotton litter and ozone on soil Collembola in 2009.
[Results] Our results show that, both overall and in different cotton growth stages, density, species richness, diversity and
community structure of Collembola in litterbags were not impacted by transgenic cotton varieties and elevated ozone
concentration. Some groups such as Onychiurus spp.and Entomobrya spp. did, however, significantly decrease in transgenic
cotton litterbags. This might have be caused by poor litter quality (higher cellulose and lignin content) in the transgenic cotton
treatment. [Conclusion] Litter decomposition of transgenic cotton and elevated ozone concentration did not have a

significant effect on soil Collembola over the course of a one year experiment, however, some sensitive groups significantly
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decreased in the transgenic cotton litter treatment. Future experiments should focus on these sensitive groups..
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Table 1 Chemical components of cotton leaves in different cotton varieties and different concentrations of O; (mean+SE)

Ambient air Elevated O3
Chemical components Bt 12 Bt Bt 12 Bt
SM (Non-Bt) GK (Bt) SM (Non-Bt) GK (Bt)
(mg/g) 53.0+5.89 a,A 47.243.92 a,A 42.3+4.24 a, A 49.0+5.76a A
(mg/g) 15.1£0.86 a.A 15.4+1.05 a,A 14.8+0.83 aA 15.0+£0.45a A
/ 3.63£0.50 a.A 3.18+0.33 a,A 2.96+0.39a A 33410462 A
4 OTC

Each number indicates mean value of four OTC treatments, different lowercase letters indicates a significant effect between
different cotton varieties, different uppercase letters indicates a significant effect between different ozone concentrations.
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Fig. 1 Ordination biplot of canonical correspondence analysis (CCA), with the mean abundances of soil Collembola
in the litters of different ozone concentration (ambient air and elevated 0zone) and cotton variety (transgenic Bt
cotton GK12 and its near-isolines SM 3)
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1 The binomial nomenclature of the soil Collembola is given in Table 1.
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2 2009 5—7 4
Table 2 Total individual number of collembolans in cotton litterbags with four treatments exposed in ten fields from
May to July in 2009

Ambient air (AA) 04 Elevated O; (EO)
Collembola Bt 12 Bt Bt 12 Bt
SM (Non-Bt) GK (Bt) SM (Non-Bt) GK (Bt)
Family Genus Abbreviation
. . 1 2 5 0
Arrhopalitidae Arrhopalites (AR.ar)
A . 20 6 8 19
Bourletiellidae Bourletiella (BO.bo)
80 56 89 47
Entomobrya (EN.en)
Entomobryidae
. . 1 0 0 1
Sinella (EN.si)
0 24 0 0
Austrogastrura (HY.au)
Hypogastruridae
1 1 0 2
Hypogastrura (HY.hy)
. 0 16 0 0
Folsomia (IS.fa)
. 179 150 182 143
Folsomides (IS.fd)
. 0 8 0 1
Folsomina (IS.fo)
. . 7 12 7 138
Isotomidae Isotomodes (IS.is)
. 230 97 183 444
Proisotoma (IS.pr)
. 0 38 1 0
Pseudofolsomia (IS.pf)
. 8 0 1 3
Uzelia (IS.uz)
. . . 51 12 26 35
Bionychiurus (ON.bi)
. . 2 1 1 2
Cribrochiurus (ON.cr)
Onychiuridae
i 290 364 216 108
Onychiurus (ON.on)
89 82 85 49

Probolaphorura (ON.pr)
Total 959 869 804 872
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Table 3 P-values from ANOVAs for the effect of O3 level and cotton varieties on abundance, genera richness and
Shannon-Wiener index of Collembola in field litterbags

Collembola Time O3 Variety OoxV

AoC! Total 0.117 0.063 0.373
SR? Total 0.326 0.217 0.845
SoC? Total 0.761 0.150 0.800
AoC! June 0.341 0.792 0.937
SR? Seeding stage 0.274 0.358 0.479
SoC? Seeding stage 0.792 0.144 0.459
AoC! July 0.519 0.318 0.823
SR? Squaring stage 0.863 0.827 0.534
SoC? Squaring stage 0.840 0.930 0.465
AoC! August 0.512 0.141 0.412
SR? 0.887 0.245 0.632

Flowering and boll-setting stage

SoC’ . . 0.883 0.412 0.259
Flowering and boll-setting stage

1 2 3

! Abundance of Collembola; 2 Species richness of Collembola; 3 Shannon-Wienner index of Collembola. The same below.
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Table 4 P-values from ANOVAs for the effect of O3 level and cotton varieties on abundance of Collembola’s main
genera in field litterbags

Collembola Main genera (O Variety oxV
AoC! Entomobrya 0.641 0.008%* 0.323
AoC' Folsomides 0.977 0.752 0.521
AoC' Proisotoma 0.620 0.396 0.299
AoC' Onychiurus 0.153 0.014* 0.442
AoC! Probolaphorura 0.115 0.272 0.388
*P <0.05; ** P <0.01.
3 15t Saxena and Stotzky 2000
Flores etal. 2005 Poerschmann etal. 2005
3.1 # BtIRTLAZRYHIRIE Bt
Bt
Bt Bt
Honemann Bt
2008 9 Bt Sticht
etal. 2006
Vaufleury 2007 Bt
Bt
Corte
2007 Bt
27.9% Bt
Bt Bt
32 AF Oz REM#IE
Bakonyi 2006
Bt 0
Bt Bt 0
Bt
O;
Breenetal. 1999 4
Chenetal. 2005 Bt Bt Bt Os
Bt Bt
Honemann et al. O3

2008 Bt



- 1229 -

3.3 AR Oz REFRE MmFPE I 47 FZFMx
WEARRSES ERMN

Cragg Bardgett 2001

(O}

Bt

S#xHk (References)

Bakonyi G, Szira F, Kiss I, Villanyi I, Seres A, Székacs A, 2006.
Preference tests with collembolas on isogenic and Bt-maize. Eur.
J. Soil Biol., 42 (1): S132-S135.

Breen PJ, Flynn R, Ellers KC, French C, Dugger P, Richter D, 1999.
Effect of nitrogen and vegetative growth on plant resistance to
bollworm, Helicoverpa zea, in selected Bt cotton varieties //
Dugger P (ed.). American Proceedings Beltwide Cotton
Conferences. 1234—-1236.

Chang L, Liu XH, Ge F, 2011. Effect of elevated O; associated with
Bt cotton on the abundance, diversity and community structure
of soil Collembola. Appl. Soil Ecol., 47(1): 45-50.

Chang L, Wang BF, Liu XH, Ge F, 2013. Ecological consequences
of elevated CO, and Bt cotton on soil Collembola. J. Agr. Sci.
Tech. A, 3(9): 737-744.

Chen FJ, Wu G, Ge F, Parajulee MN, Shrestha RB, 2005. Effects of
elevated CO, and transgenic Bt cotton on plant chemistry,
performance and feeding of an insect herbivore, the cotton
bollworm. Entomol. Exp. Appl., 115(2): 341-350.

Christiansen K, Bellinger P, 1980. The Collembola of North
America north of the Rio Grand. Grinnell College, Grinnell,
Towa. 1-299.

Cortet J, Griffiths BS, Bohanec M, Demsar D, Andersen MN, Caul
S, Birch AN, Pernin C, Tabone E, Vaufleury AD, Ke X, Krogh
PH, 2007. Evaluation of effects of transgenic Bt maize on
microarthropods in a European multi-site experiment.
Pedobiologia, 51(3): 207-218.

Cragg RG, Bardgett RD, 2001. How changes in soil fauna diversity
and composition within a trophic group influence decomposition
progress. Soil Biol. Biochem., 33(15): 2073-2081.

Flores S, Saxena D, Stotzky G, 2005. Transgenic Bt plants
decompose less in soil than non-Bt plants. Soil Biol. Biochem.,
37(6): 1073-1082.

Honemann CL, Zurbrigg WN, 2008. Effects of Bt-corn
decomposition on the composition of the soil meso- and
macrofauna. Appl. Soil Ecol., 40(2): 203-209.

Huang JK, Hu RF, Carl P, Qiao FB, Scott R, 2003. Biotechnology as
an alternative to chemical pesticides: a case study of Bt cotton in
China. Agr. Econ., 29 (1): 55-67.

Macfadyen A, 1961. Improved funnel-type extractors for soil
arthropods. J. Anim. Ecol., 30(1): 171-184.

Moore PD, 2002. Biogeography: springboards for springtails.
Nature a-z Index, 418: 381.

Poerschmann J, Gathmann A, Augustin J, Langer U, Gorecki T,
2005. Molecular composition of leaves and stems of genetically
modified Bt and near-isogenic non-Bt maize-characterisation of
lignin patterns. J. Environ. Qual., 34(5): 1508—-1518.

Saxena D, Stotzky G, 2000. Insecticidal toxin from Bacillus
thuringiensis is released from roots of transgenic Bt corn in vitro
and in situ. FEMS Microbiol. Ecol., 33(1): 35-39.

Sticht C, Schrader S, Giesemann A, Weigel HJ, 2006. Effects of
elevated atmospheric CO, and N fertilization on abundance,
diversity and C-isotopic signature of Collembolan communities
in arable soil. Appl. Soil Ecol., 34(2/3): 219-229.

ter Braak CJF, Smilauer P, 2002. CANOCO Reference Manual and
CanoDraw for Windows User’s Guide: Software for Canonical
Community Ordination (Version 4.5). Microcomputer Power,
Ithaca, NY. 1-14.

Tissue DT, Wright SJ, 1995. Effects of seasonal water availability
on phenology and the annual shoot carbohydrate cycle of tropical
forest shrubs. Funct. Ecol., 9(3): 518-527.

Wang ZJ, Lin H, Huang JK, Hu RF, Scott R, Carl P, 2009. Bt cotton
in China: Are secondary insect infestations offsetting the benefits
in farmer fields? Agr. Sci. Chin., 8 (1): 83-90.

Vaufleury AD, Kramarz PE, Binet P, Cortet J, Caul S, Andersen
MN, Plumey E, Coeurdassier M, Krogh PH, 2007. Exposure and
effects assessments of Bt-maize on non-target organisms
(gastropods, microarthropods, mycorrhizal fungi) in microcosms.
Pedobiologia, 51(3): 185-194.

, , , , 2007.
, 15(2): 154-161.



