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Effects of planting transgenic insect-resistant maize with crylAc gene Bt-799
on the composition structure of soil fauna
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Abstract: The transgenic insect-resistant maize with crylAc gene Bt-799 and its non-transgenic control
Zheng 58 were selected to investigate the effects of transgenic insect-resistant maize on the community
structure of non-target soil fauna. Hand picking and Macfadyen funnel methods were used to investigate
the groups and individual numbers of macro, meso and micro soil fauna in the transgenic and non-trans-
genic maize fields, and the composition and diversity of soil faunas were compared in Bt-799 and
Zheng 58 maize fields from 2014 to 2015. RDA analysis was also used to analyze the effects of soil en-
vironmental factors on soil community structure. The results showed that the composition of macro fau-
nas was not significantly changed in transgenic Bt-799 compared with that in the non-transgenic maize;
total abundance, species richness and community diversity index including Simpson index, Shannon-

Weiner index and Pielou index in Bt-799 were not significantly changed. The P values of total abun-
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dance, species richness and the three diversity indexes in 2014 were 0.949, 0.867, 0.751, 0.998 and
0.985, respectively, and the P values of those in 2015 were 0.869, 0.406, 0.532, 0.115 and 0.410, respec-

tively. RDA analysis showed that the transgenic varieties had no effect on community structure of mac-

ro soil faunas, meso and micro soil faunas, suggesting that transgenic maize cultivation had no signifi-

cant influence on community structure of soil faunas in the short and medium terms.
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R1 20142015 FRERSFRERFTKEIRBELIESMERZERSHIME
Table 1 Abundances and frequencies of each macro soil fauna group in the transgenic maize

and non-transgenic maize fields in 2014 and 2015

2014 2015
ZE IR (%) ZE IR (%)

Abundance Frequency distribution Abundance Frequency distribution

STy ;LA ;LA ; 3k A ;3[R

%Rt Group T I S =2 e B =2 I S AS = e
. Non- . Non- . Non- . Non-

Transgenic . Transgenic . Transgenic . Transgenic .
- transgenic - transgenic - transgenic - transgenic
maize . maize . maize . maize .
maize maize maize maize

Jii# H Hymenoptera 0.38+0.21 a 0.36+0.13 a 3.75 3.57 0.76+0.30a 1.04+0.70a  17.83 25.93
459 H il 3 Coleoptera adults 0.69+0.16 a 0.78+0.20 a 6.84 7.81 0.91£0.20 a 0.65+0.13a  21.30 16.20
430 H 4 H Coleoptera larvae 1.69+0.29 a 1.80£029a  16.78 18.08  0.61+0.13a 0.65+0.12a  14.35 16.20
#4# H Dermaptera 0.02+0.02 a 0.04+0.03 a 0.22 0.45 0.06+0.03 a 0.04+0.03 a 1.30 0.93
[:4# H Hemiptera 0.07+0.04 a 0.07+0.04 a 0.66 0.67 0.04+0.03 a 0.02+0.02 a 0.87 0.46
E ¥ H Orthoptera 0.094+0.04 a 0.09+0.04 a 0.88 0.89 0.02+0.02 a 0.00+0.00 a 0.43 0.00
5% H %) 5 Lepidoptera larvae 0.11£0.05a 0.07+0.04 a 1.10 0.67  0.00£0.00a 0.04+0.03 a 0.00 0.93
£ M5B} Enchytraediae 2.8240.61a 2.87+0.69a 28.04 2879  0.81+0.26a 0.63+0.15a  19.13 15.74
A 45| H Haplotaxida 2.27+0.32a 2.02+0.35a 22.52 20.31 0.78+0.16 a 0.67+0.13a  18.26 16.67
Hutzta H Geophilomorpha 0.71£0.18 a 0.71+0.14 a 7.06 7.14 0.11+0.05a 0.19+0.07 a 2.61 4.63
Wk H Araneae 0.82+0.24 a 0.69+0.18 a 8.17 6.92 0.15+0.06 a 0.19+0.07 a 3.48 231
A1 855 H Lithobiomorpha 0.11+£0.05a 0.13+0.06 a 1.10 1.34 0.00+0.00 a 0.00+0.00 a 0.00 0.00
HEH Lsopoda 0.24+0.13a 0.27+0.27 a 243 2.68 0.02+0.02 a 0.00+£0.00 a 0.43 0.00
i #1 H Corrodentia 0.04+0.03a 0.07£0.04a  0.44 0.67  0.00+0.00a 0.00+£0.00a  0.00 0.00

TP BRI T B BRI A TASIR] B R/ 28 LSD AR 56 78 P<0.05 /K V- 22 5 W % . Data are mean+SE. Differ-
ent letters in the same row in the same year indicate significant difference at P<0.05 level by LSD test.
F2 20042015 FRERSEHERFTARHER N TEIY KBS ER S HINE
Table 2 Abundances and frequencies of each meso and micro soil fauna group in the transgenic maize

and non-transgenic maize fields in 2014 and 2015

2014 2015
ZE SR (%) 2% IR (%)
Abundance Frequency distribution Abundance Frequency distribution
2Rt Group spgp TR gy RO RNy RN
Transgenic on- Transgenic Non- . Transgenic Non- . Transgenic Non- .

maive transgemc maive transgen1c maive transgemc maive transgemc
maize maize maize maize
s H Acarina 39.86+5.82 a 37.99+5.00a  72.10 72.18  32.36+4.13a 34.71+5.73a 6498 65.43
i1 J2 H Collembola 13.46+1.54a 12.70+1.60a 24.36 24.13  15.72+£2.65a 16.76£3.00a 31.57 31.60
W H A Coleoptera adults  0.22+0.06 2 0.20+0.06 a 0.39 0.39 0.07£0.03 a 0.05+0.03 a 0.13 0.10
A& H Hymenoptera 0.54+0.26 a 0.58+0.26 a 0.97 1.10 0.35+0.17 a 0.08+0.06 a 0.70 0.15
M HEYM Coleoptera larvae  0.16£0.04a 0.16£0.04a  0.29 0.30 0.01£0.01 a 0.03£0.02a  0.03 0.05
XLEE H Entotrophi 0.24+0.08a 0.17+0.07 a 0.37 0.25 0.17+£0.06 a 0.29+0.08 a 0.35 0.55
1% 1L H Psocoptera 0.35+£0.07a 0.38+£0.07 a 0.63 0.72 0.15+£0.04a 0.08+0.04 a 0.29 0.15
Hut& A H Geophilomorpha  0.06+£0.04a 0.04+0.02 a 0.10 0.08 0.11£0.04a 0.15+0.05 a 0.21 0.28
115 H Lithobiomorpha 0.01+0.0l a 0.01+0.01 a 0.03 0.03 0.00+£0.00 a  0.00+0.00 a 0.00 0.00
Fap | H Haplotaxida 0.09+0.04 a 0.09+0.04 a 0.16 0.17 0.43+0.17a 0.51+£0.14 a 0.86 0.96
£k 15 #} Enchytracidae 0.29£0.11a 0.30+0.14a  0.52 0.58  0.40+0.09a 0.37+0.10a  0.80 0.70
Z MR} Scutigerellida 0.00£0.00a 0.00£0.00a  0.00 0.00  0.04+0.03a 0.00£0.00a  0.08 0.00
Bk H Araneae 0.00+0.00 a 0.00+0.00 a 0.00 0.00 0.00+0.00 a 0.01+0.01 a 0.00 0.03

FP B T B bR S . [R)AR R TR [R5 B 3R 28 LSD I A B 7E P<0.05 /K F- 1 ¥ 22 5% . Data are mean+SE. Differ-

ent letters in the same row in the same year indicate significant difference at P<0.05 level by LSD test.
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0.751.,0.998 110.985, 2 i T 2K HI ] 4% BE& HRAE S 5L
P08 35 25 55 2015 4F, 2l FOK H R 456 5k P (B 5)
5124 0.869.0.406.0.532.0.115.0.410, 45 5 15 2014 4
—H T EER . B cryldc FE] K Bt-
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F3 2014—2015 FREEFE F K Bt-799 Fiig Xt HIEF B4 E S E

BEM(FE3),
222 P ANAE LIRS BRI AK AR
LRI )T 203 HT, 2014 4F 2 Fh T oK /ALt
PR FE SR Z B | Simpson L3R K
Shannon-Wiener ZFE 438 50 Pielou 5] BEFE 514
P{HM970.841.0.617.0.428 .0.903 F10.533 , 2 f &
K HH )25 BE VR RRAE S 08 T0 i 25 22 75 2015 4F 2 Fp
T oK H ] #5458 £ P {H 43 90 2 0.279.0.308.0.624
0.511.0.836, 45 - 52014 4F — 8, ¥ LB FEEH
VEIHEL cryl Ac HE TR T K Bt-799 Ak & xif H [8] Fh /)y
R SRS FIE S B0 B (R 3) .
oA

Table 3 Effects of planting Bt-99 transgenic maize on the parameters of soil faunas in 2014 and 2015

KAL) /N S )
Macro soil fauna Meso and micro soil fauna
23 Parameter 2014 2015 2014 2015
F P F P F P F P
YR 3 & Species richness 026  0.949 0.03  0.869 0.04 0.841 1.22 0.279
RMRZ ¥ Total abundance 0.01  0.867 0.73  0.406 0.26 0.617 1.08 0.308
Simpson 5 %% Simpson index 0.34 0.751 0.41 0.532 0.66 0.428 0.25 0.624
Shannon-Wiener #§4% Shannon-Wiener index  0.07  0.998 2.78  0.115 0.02 0.903 0.44 0.511
Piclou 327 #$5%4K Pielou evenness index 0.04 0.985 0.71 0.410 4.66 0.533 0.04 0.836

2.3 NEREFX T IE AL I RDAS T
231 KRB LB HMBEL LA

JIT AT 5 PRI R %o KA - S s W eV 4514
SO 78 SRR N 38% . SENR R R - S Sh EI%
SERG ) E BB R A (A S B R 20%
P=0.002) FI4EA5 (22 S fif B 50 13%, P=0.002) , 5%

M 3R A 8 KT s OO AR R A= Py (78 S fipp o
M 3%, P=0.03) , 50 I8 F) 5 K- 5 5K (28 S
BN 1%, P=0.57) F1 pH (72 5 fift B 120 1%, P=
0.66) X Z , A 5 e {H AR 35 3 i 25 7K F 5 oK A
(R )i/ N (A SRR <1%, P=0.94) , LT %A
S (KR 4) .

R4 20142015 EARMERE F3f LB B E EMEMA TR

Table 4 Redundancy analysis of the effects of different environmental variables on soil faunas in 2014 to 2015

PN e 7L Hh/NEL 358 )
Macro soil fauna Meso and micro soil fauna
A% I Variable
A SRR (%) p SRR (%) p
Variance explained Variance explained
H: K3 Sampling period 20 14.60  0.002 6 3.12  0.020
AEA) Year 13 11.05  0.002 6 3.00  0.020
H#R A= 91 Root biomass 3 237 0.030 4 2.16  0.080
£ 7K Water content 1 0.80  0.570 3 1.51  0.190
pH 1 0.75  0.660 2 1.15 0.280
fhfh (%) Variety <1 0.34  0.940 <1 0.26  0.960
AR S B Total variance explained (%) 38 21

%o N 3 4 BT 4 A 6
A U B8 PR 0 N el e v

2.3.2

PR 1) A8 SR 21% 0 s v /ML - 3 5 )
TRV 2 FA Y 2 BRI IR 1 D 2R M (7 S i i



172 iR/ B A= S 7 46

6%, P=0.02) F4F-Ay (722 S5 fift Bt 6%, P=0.02) , 5%
e AT 3R 38 8 K s O AR R A Wi (728 S e e o
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3 g
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T, A XUAE (2014) A i 28 2 0F 58 T #%
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(2016a) F| FH T 46 3 A0 12 LG 65 i L BF o8 T 5%
crylle B& PR KR X 7R 1 38 S e 15
XTI 4 (2016b) F R % 1) 3 i A 198 1 %%
crylAe B PR FOKRER AR XT v /N - SR 2l Wy RV 1 5%
U PSRN THTE T S e SPS IS 5 N DO wbe SIS 32
M, A B 5% LA crylAc 3 H % K Bt-799 ik 56 #4
AL A FHTE U215 2 R Jridk i KALR
H /N S S A T T R A . AEE A EIE R,
K2 HIEAT T BETE 4B b 325 B AR %
Simpson 8% . Shannon-Wiener #8805 HE 5 R IE 24
() LGB , ARG 2 A B 0 20 BRI VR R 2
AL R RDA 3 HrF5E T A [ A R -7 1
SYIRETR A TR AR, S TR R K
Fl () AE LRSI REIE 5T b VR

AHIF 5 25 R R W 3 R 5 R G L R oK 22 [B] T
WK S R i N S W, TR
IR, & LIRS R 2 B T 2
FEAREE (2014) XIHT #0055 (2016a, b) BFFE 45 R %
AH , B0 UG PR R R b ol R A AT 1 e 25
-SSR AT 2 R, S AR g A R —
{HE A SRR L S VR R XA 531 A+ 458
IR Yy it A uala o i A Al AL R 6
(2014) W57 WIEE R R 2K Bt-38 Pl G SO L6 76
H A7 Bk 2K B Folsomia bisetosa 1§ 25 , ¥ ] &% &%
(2012) 5 IR % B G BE PRUK R Fp 5 35 1 9k s A
SR SRR G I B A I AR
FELL N A ek b B . AT R [RIRE & AN IR A

TSR A ARy B — A (R)
AR SRR A SRR TE R TR AR LR v, ik
R+ S S A R H G B H AR 2014 4 H R
2015 4F BV H A H F O BUFE L L oK
T3 H 24 e 5 A R G S PR R OK s rp N
TIEG Y, AR H S AE 2014 4F B, 107 Wk H
JUTE 2015 AR AR SL BE K b s B, K ik R 7E
2015 A5 3 Y oK H A B, o] WA SRR AT SR )
HR SRR (R IR EIERR . FEEH K
Bt-799 H R IARIEDN T SES RIS AN TC 0 2 5

YIFh R TS D RE A 2 AR e Pk 1 22
HETRbR . ABFTREE R T FE AL £ oK Bt-799 5
FOXT R OK A 58 [ ] 4% Vi R IE S 4034 TG Wl 3 2
5o EMIR(2014) FLERTRAE (2014) B 58 45 R %
W, 55 crylAc B H K Bt-38 FHE A iR i 5L 8 & ok
C63-1 FAE X - Bk W M =F = & . £ & . Simpson
e #4855 . Shannon-Wiener 22 £ 14 £5 5 F1 Pielou
P50 BEHR BORE VA R S 55035 Tt 2B 52 ) 5 X0 0 A5
(2016a) WFFTEEFF W, 5% crylle KR T KPR X K
T+ SN YR REVR A IE SO0 B 5 ) 5 225855
(2017) W5 248 RIRIFER I 5% EPSPS B:PH £k CC-2
P FPAE XS 2 IS YRR R FRIE S 800 i 5
Wi, AT 45 5 — 2, U BH L LR oK vh e A
RS S eI AR TC B

s S WA S5 A 1 RIS IR R IR Z
Wk EE R EE | HIEANA P IR pH AR
(RIVEE,2008; L5 ,2016) . ABFFR 45 R KM,
25 IR R rf A KRRy Sy = e R F-, ik ]
FE A PR AN ) A 1 0 B T R A BT 5 3
255 2 ORRIAER A TSR AR R, SRR AT
IR i ERA T 7 N i T XSS b iR - S
K Al (R ) SR e S W T A S ) d5e /N 1 R
R, ERTum R+ 8 Y) 28 R R it 0, P=
0.94; /AU 3 S W) 28 S A B i <1%, P=0.96) , i
— 5 UE BT U P R R BT U R R K Bt-799
NGNS YR s e . A A
PURTER LS /N X P HEAT Y 2 470 25 51, 7 L[]
s AR B, N — 2T A T 2240 1 A KR
(4] A 25 JRURGS S 63

£ % X Wt (References)

Alvarez-Alfageme F, Ortego F, Castafiera P. 2009. Bt maize fed-prey
mediated effect on fitness and digestive physiology of the



14 FAHIREE 5 crylAc LB T K Bt-799 FAE X} + s vk 45

ialinb=Aln| 173

ground predator Poecilus cupreus L. (Coleoptera: Carabidae).
Journal of Insect Physiology, 55(2): 143-149

Arias-Martin M, Garcia M, Luciaiez MJ, Ortego F, Castafera P, Fa-
rinds GP. 2016. Effects of three-year cultivation of CrylAb-ex-
pressing Bt maize on soil microarthropod communities. Agricul-
ture Ecosystems and Environment, 220: 125-134

Bai YY, Jiang MX, Cheng JA, Wang D. 2006. Effects of transgenic Bt
crylAb rice on Collembola population in paddy field. Chinese
Journal of Applied Ecology, 17(5): 903-906 (in Chinese) [ H ##
R, RS, T2, 2006. 55 Bt crylAb 5L KRG8 H
i g RO RERICEE A5 . 1y FHAE 252741, 17(5): 903-906]

Baumgarte S, Tebbe CC. 2005. Field studies on the environmental fate
of the CrylAb Bt-toxin produced by transgenic maize
(MONS810) and its effect on bacterial communities in the maize
rhizosphere. Molecular Ecology, 14(8): 2539-2551

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. Applied Soil Ecology, 47(1): 45-50

Chang L, Wang BF, Liu XH, Ge F. 2013. Ecological consequences of
elevated CO, and Bt cotton on soil Collembola. Journal of Agri-
cultural Science and Technology, A3: 737-744

Chen JX, Ma ZC, Yan HJ, Zhang F. 2007. Roles of springtails in soil
ecosystem. Biodiversity Science, 15(2): 154-161 (in Chinese)
[REF5, AR, ™I, ski% . 2007, BkdufE 3RS R g H
WIFER . R ZFEPE, 15(2): 154-161]

Dong WH, Li XQ, Song Y. 2016. Role of soil fauna on soil organic
matter formation. Soils, 48(2): 211-218 (in Chinese ) [# 4 1¢
g, K17 . 2016. LIS LA HLUBOE P RIFERT. -
HE, 48(2): 211-218]

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

Guo JF, He KL, Bai SX, Zhang TT, Liu YJ, Wang FX, Wang ZY. 2016.
Effects of transgenic crylle maize on non-lepidopteran pest
abundance, diversity and community composition. Transgenic
Research, 25(6): 761-772

Guo JF, Zhang C, Yuan ZH, He KL, Wang ZY. 2014. Impacts of trans-
genic maize with crylle gene on arthropod biodiversity in the
fields. Journal of Plant Protection, 41(4): 482-489 (in Chinese)
[FRIE, sk, 523548, TR, EARE . 2014, % crylle B
PO KA F ] Sl RV 2 RS2 . A 27 4
41(4): 482-489]

Hoss S, Menzel R, Gessler F, Nquyen HT, Jehle JA, Traunspurger W.
2013. Effects of insecticidal crystal proteins (Cry proteins) pro-
duced by genetically modified maize (Bt maize) on the nema-
tode Caenorhabditis elegans. Environmental Pollution, 178: 147—
151

Icoz 1, Stotzky G. 2008. Fate and effects of insect-resistant B¢ crops in
soil ecosystems. Soil Biology & Biochemistry, 40(3): 559-586

Jiang Y, Wang BF, Zhou L, Jia B, Feng SD, Song XY. 2017. Impacts of

transgenic herbicide-resistant maize with EPSPS gene on soil

fauna community. Plant Protection, 43(1): 34-39 (in Chinese)
[, FARR, JHt, B, TR, SRBTIT . 2017, 5% EPSPS
RHTER T oK CC-2” X S W eV A LI . )
1, 43(1): 34-39]

Li YS, Zhang WW. 2011. Chinese insects illustrated. Chongqing:
Chongging University Press (in Chinese) [ 2% JC Ik, K #% 4% .
2011, rvE B R A AR S R DR R RO ]

Liu XY, Wang BF, Wang J, Feng SD, Song XY. 2016b. Effects of leaf
residue decomposition of crylAc-transgenic insect-resistant
maize on community structure of soil animals. Journal of Plant
Protection, 43(3): 384-390 (in Chinese) [XI|#r i, LHIR, LT,
TRPE, AT . 2016b. 5 crylAc BB F R R 5 A
Xif - HES I RETE SRS ORI . REI R4, 43(3): 384-390]

Liu XY, Wang BF, Zhou L, Feng SD, Song XY. 2016a. Effects of
crylle on soil macro-fauna diversity in transgenic maize
1E09S034 fields. Crops, (1): 62-68 (in Chinese) [ Xl #r#i, T

R, TR, R T . 2016a. § crylle B R BT HUE K
TE09S034 Fft i 4o FH A] K Y - S sl 22 HEPE R . AR 243,
(1): 62-68]

Mendelsohn M, Kough J, Vaituzis Z, Matthews K. 2003. Are Bt crops
safe? Nature Biotechnology, 21(9): 1003-1009

Obrist LB, Dutton A, Albajes R, Bigler F. 2006. Exposure of arthropod
predators to CrylAb toxin in Bt maize fields. Ecological Ento-
mology, 31: 143154

Ren ZT, Shen WJ, Liu B, Xue K. 2017. Effects of transgenic maize on
biodiversity of arthropod communities in the fields. Scientia Ag-
ricultura Sinica, 50(12): 2315-2325 (in Chinese) [{E4R %, T X
i, KUBR, BE2E . 2017. S D8 S Kokt 8] 5 e gh W ite s 2 hed:

BRI . b RRE, 50(12): 2315-2325]

Saxena D, Flores S, Stotzky G. 1999. Insecticidal toxin in root exu-
dates from Bf corn. Nature, 402(6761): 480

Saxena D, Flores S, Stotzky G. 2002. Bt toxin is released in root exu-
dates from 12 transgenic corn hybrids representing three trans-
formation events. Soil Biology and Biochemistry, 34(1): 133—
137

Shao YH, Zhang WX, Liu SJ, Wang XL, Fu SL. 2015. Diversity and
function of soil fauna. Acta Ecologica Sinica, 35(20): 6614-
6625 (in Chinese) [HEICHE, 7k Tf5, XIMEZS, T, /=3 .
2015, HHEEh Y 2R RO AE ST RE L RS IR, 35(20):
6614-6625]

Wang BF. 2014. Effect of transgenic maize on Collembola. Ph. D The-
sis. Changchun: Northeast Institute of Geography and Agoecolo-
gy, Chinese Academy of Sciences (in Chinese) [ £ 41X . 2014.
W B DR B RS BRI AR . 1R A0 S K AR P ERRA B
ARACHIER S5 AR A BB ]

Wang BF, Song XY, Chang L, Wu DH. 2014. Effect of transgenic corn
(C63-1) cultivation on soil Collembola. Chinese Journal of Ap-
plied Entomology, 51(5): 1215-1221 (in Chinese) [ EAARL, AKHr
JC, WAL, FARNE. 2014, He LK ROk C63-1 Rt L1k 1y
FEM . R R 2R, 51(5): 1215-1221]

Wang JW, Feng YJ, Luo SM. 2005. Effects of Bt corn straw decomposi-



174 iR/ A= S 1 46

tion on soil enzyme activities and soil fertility. Chinese Journal
of Applied Ecology, 16(3): 524-528 (in Chinese) [ L&, /it
F, BT . 2005, Bt £ RAE AT X0 4 S 1 A IR
FsEm . W A 252441, 16(3): 524-528]

Wang S, Wang BF, Yan DS, Wang J, Wu FC, Xi JH, Song XY. 2014.
Impacts of transgenic herbicide-resistant maize with EPSPS
gene on arthropod biodiversity in the fields. Journal of Biosafe-
ty, 23(4): 271-277 (in Chinese) [ F 1, FAHIR, MHETF, 74, i
78, W FeSx, RFITT. 2014, 5 EPSPS BEH PR ) ok CC-
2500 [ B 49 JBC s W 2 REME R RE ) . A= 22 4R, 23(4): 271
277]

Wang YQ, He KL, Jiang F, Wang YD, Zhang TT, Wang ZY, Bai SX.
Resistance of transgenic Bt corn variety BT99 to the Asian corn
borer. Chinese Journal of Applied Entomology, 51(3): 636-642
(in Chinese) [ - H 25, fif Feke, VT, TAKS, sk K%, TIRE,
FURTHE . 2014, BT799 F AKX ML K BT IR 5 . B L e
2FHR, 51(3): 636-642]

Wardle DA, Bardgett RD, Klironomos JN, Setdld H, van der Putten
WH, Wall DH. 2004. Ecological linkages between aboveground
and belowground biota. Science, 304(5677): 1629-1633

Wu HT, Li XG, Yang Q, Jiang M, Tong SZ. 2008. Characteristics and
influencing factors of soil fauna community structure in an is-
land forest in wetland, Sanjiang Plain. Journal of Beijing Forest-
ry University, 30(2): 50-58 (in Chinese) [R5 14, B2 H, %7,
LW, AT IE . 2008, =V g B R AR L e Sh e TS 451
FAIERSEMRER . ALatMoll 22741, 30(2): 50-58)

Yang B, Chen H, Liu XH, Ge F, Chen QY. 2014. Bt cotton planting
does not affect the community characteristics of rhizosphere soil
nematodes. Applied Soil Ecology, 73: 156-164

Yang X, Lin L, Zhang XP, Zhang LM, Sha D. 2016. Spatio-temporal
distribution characteristics of meso-micro soil fauna in typical
cultivated black soil in the Song-nen plain area. Acta Ecologica
Sinica, 36(11): 3253-3260 (in Chinese) [# /i, Ak, 3K T 3, 5K
FUEL, Vi 2016, FABCT JEULE M AR X rf/ N L 3 54
B 28 M ATARAAIE . A A2, 36(11): 3253-3260]

Yin WY. 1998. Pictorical keys to soil animals of China. Beijing: Sci-
ence Press (in Chinese) [ 7303 . 1998. H1 [E 1 B g Py ke K &
B bR BRG]

Zhong JM. 1990. Larvae taxonomy. Beijing: China Agriculture Press
(in Chinese) [£5E [ . 1990. 4y d1 43282 Jbnt: i EARO H i
#E]

Zhu XY, Li ZY, Chang L, Yuan YY, Ge F, Wu G, Chen FJ. 2012. Com-
munity structure and abundance dynamics of soil collembolans
in transgenic Bt rice paddy fields. Acta Ecologica Sinica, 32(11):
3546-3554 (in Chinese) [#LI4E, 2258, #, B, R,
SR, WRILZE . 2012. F% B RS -3k B v 4 b Hod A
1k R AR, 32(11): 3546-3554]

Zwahlen C, Hilbeck A, Nentwig W. 2007. Field decomposition of trans-
genic Bt maize residue and the impact on non-target soil inverte-

brates. Plant and Soil, 300(1/2): 245-257

(ITAERH  RIR )



