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Effects of transgenic maize on arthropod biodiversity and
insect pest occurrence in the field
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Abstract; [ Aim] The effects of transgenic maize DBN9936 with the traits of insect-resistant (eryl14b) and glyphosate-tolerant ( ep-
sps) on arthropod biodiversity and pest occurrence in the field were assessed, which would support the biosafety evaluation of trans-
genic crops. [ Method] In isolated fields, the arthropod species and their numbers were identified and counted by direct observation.
The number and harm caused by drill borer pests were investigated after slitting the stalks lengthwise when the corn was harvested.
The parameters of arthropod function group, richness index, Shannon-Wiener diversity index, Pielou evenness index, and dominant
concentration index of arthropods in genetically modified maize Hongshuol1799 and YuankelOS5, non-transgenic recipient varieties,
and regular maize cultivar Xianyu335 were analyzed and compared. [ Result] 1) Although there were a few differences, the dynamic
trends of the arthropod richness index, diversity index, evenness index, and dominant concentration index of transgenic maize and
non-transgenic control varieties were similar during the growth season. 2) The average damage rate of leaves, stems, and ears of
transgenic maize was lower than that of non-transgenic maize, according to the valuation and analyses. 3) The damage of transgenic
and non-transgenic maize with insecticide treatment made by lepidopteran pests, such as the corn borer Ostrinia furnacalis, the cot-
ton bollworm Mythimna separate, and the oriental armyworm Hrelicoverpa armigera, was reduced. [ Conclusion] Compared with their
non-transgenic counterparts, the transgenic maize Hongshuo1799 and YuankelO5 could reduce the occurrence trend of lepidopteran

target pests and had no significant negative effects on arthropod biodiversity in the field.
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Table 1 Experimental treatment of maize materials

IR BEFED b3 G
Experimental material Genetic modification Treatment Number
SEE 335 Xianyu335 R XY

Conventional herbicide treatment

- IR B+ 1L XY-[r
Conventional herbicide and insecticide treatment XY -deinsectization
FH 1799 Hongshuol799 - R NT1
Conventional herbicide treatment
- WL B+ 5% S NT1-F
Conventional herbicide and insecticide treatment NT1-deinsectization
crylAb+epsps FH R L Tl
Glyphosate herbicide treatment
HER} 105Yuanke105 - W RLBR NT2
Conventional herbicide treatment
- LR B+ U NT2-f i
Conventional herbicide and insecticide treatment NT2 -deinsectization
crylAb+epsps B R T2

Glyphosate herbicide treatment
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Table 2 Composition of the total arthropod communities in maize field

s . B Families Fl species MA Individuals
ZH¥ Species — - — - — -
¥ No 5 Proportion/ % $E No Sl Proportion/ % ¥&: No Sl Proportion/ %
40 H Hemiptera 10 18.87 15 18.52 14508 75.33
5 H Coleoptera 10 18.87 18 22.22 2989 15.52
X H Diptera 7 13.21 14 17.28 1444 7.50
Wik H Araneida 7 13.21 9 11.11 112 0.58
i H Hymenoptera 7 13.21 8 9.88 82 0.43
%8 H Lepidoptera 6 11.32 11 13.58 64 0.33
H##H Orthoptera 2 3.77 2 2.47 6 0.03
Jik# B Neuroptera 1 1.89 1 1.23 23 0.12
58 H Odonata 1 1.89 1 1.23 28 0.15
#EEH Collembola 1 1.89 1 1.23 1 0.01
Uiy & Psocoptera 1 1.89 1 1.23 2 0.01
ST Total 53 - 81 - 19259 -
xR3 ARERMHEEFHHBETZENADZYWHERESE
Table 3 The accumulated number of each species in main functional groups
on different maize fields during the whole growth period
THRERE g8 (3 - #71) Individual numbers in different functional group p i
Functional groups XY XY-4 NT1 Tl NTI1-[4H NT2 v NT2-fit  p-value
FEE ffeR H 0.006+0.005b 0.007+0.009ab 0.008+0.007ab 0.004+0.003b 0.005+0.005b 0.014+0.012a 0.009+0.010ab 0.010+0.010ab  0.267
Main Lepidopteron
pest gf et 1.530+1.779a 2.160+1.847a 1.384+1.620a 2.097+2.332a 1.470+1.537a 1.343+1.347a 1.387+1.309a 2.403+1.807a  0.838
Aphid
TR 0.001+0.000a 0.004+0.001a 0.000+0.000a 0.003+0.002a 0.003+0.002a 0.002+0.001a 0.003+0.004a 0.003+0.002a  0.881
Delphacidae
-t 0.010+0.006a 0.003+0.002a 0.004+0.001a  0.009+0.009a 0.010+0.009a 0.006+0.005a 0.009+0.006a 0.002+0.002a  0.543
Cicadellidae
I 0.286+0.264a 0.264+0.258a 0.295+0.290a 0.237+0.227a 0.304+0.298a 0.277+0.272a 0.290+0.273a 0.229+0.212a  0.971
Chrysomelidae
etk T 0.082+0.078a 0.091+0.081a 0.079+0.094a 0.091+0.104a 0.070+0.080a 0.059+0.058a 0.070+0.065a 0.001+0.091a  0.939
PN Coccinellidae
Predator e 0.010+0.008b 0.023+0.024a 0.018+0.016ab 0.014+0.015ab 0.009+0.010b 0.010+0.006b 0.010+0.010b 0.013+0.013ab  0.138
Araneae
/NESR 0.002+0.001a 0.000+0.000a 0.001+0.000a 0.000+0.000a 0.000+0.000a 0.001+0.000a 0.000+0.000a 0.000+0.000a  0.626
Orius
S 0.003+0.003a 0.003+0.004a 0.004+0.001a 0.001+0.001a 0.004+0.004a 0.001+0.001a 0.002+0.003a 0.005+0.005a 0.916
Chrysopidae
A A e 0.005+0.005a 0.002+0.001ab 0.002+0.003ab 0.000+0.000b 0.003+0.003ab 0.001+0.000abh0.004+0.003ab 0.003+0.004ab  0.352
PN Parasitoid
Parasitoid wasp

Bt A LR ERZE , A — AT A RN PR AR B 2Z 57 23 (p<0.05),

Data form in this table are mean + SE, and different lowercases after the same row represent significant differences among treatments ( p<0.05).
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Fig.1 The species accumulation curves of arthropod community in the fields
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A: Species accumulation curve between NT1 and XY treatments; B: Species accumulation curve between NT2 and XY treatments.
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Fig.2 The species richness dynamics of arthropod community in different maize fields
A:NT1 5 XY A[REIAEBEE )RR 425 B Fh3  BNT2 5 XY AR B E R 5 S © 1 P<0.05; ™ :P<0.01,
A Dynamics of species richness between NT1 and XY treatments; B; Dynamics of species richness

between NT2 and XY treatments; * . P<0.05; ™ . P<0.01.
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Fig.3 The biodiversity index dynamics of arthropod community in different maize fields
A:NTI 5 XY A[aI4b B ] ZREPEHE BB A B NT2 55 XY A[rl4b 2] SR 5l S © . P<0.05; ** ;P<0.01,
A: Dynamics of biodiversity index between NT1 and XY treatments; B: Dynamics of biodiversity index
between NT2 and XY treatments; * : P<0.05; ™ ; P<0.01.
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Fig.4 The evenness index dynamics of arthropod community in different maize fields
A:NT1 5 XY AREAEELE Y05 SR BN ES s B NT2 55 XY AR AR )4 Fh 4 5 MR B3 ; * : P<0.05; ™ . P<0.01,
A': Dynamics of evenness index between NT1 and XY treatments; B: Dynamics of evenness index
between NT2 and XY treatments; * ; P<0.05; ** ;. P<0.01.
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Fig.5 The dominant concentration index of arthropod community in different maize fields
A:NTL A5 XY AR AR PR 3R PR 2 B NT2 5 XY AR ML HSE 184 © . P<0.05; ™ . P<0.01,
A: Dynamics of dominant concentration index between NT1 and XY treatments; B: Dynamics dominant concentration index

between NT2 and XY treatments; * : P<0.05; ™ . P<0.01.
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Table 4 The damage of maize lines by target pests before harvest
FHR Ear tip A Leaf ZEFF Stalk
- , IR K pgiE
e FEEAKE  WEHEKE B ZERKE B A EH R 1{(}; TR
Experimental Total length ~ Maximum . Total length o Number of  Total length e -
ial . . Damage . Damage . Maximum Damage
materia of damage length of of damage holes of damage
rates/ % rates/ % 1 length of rates/ %
/em damaged ear /em /(A - BT /em
. tunnel/cm
tip/cm
XY 2.67+2.05ab 1.33+0.94ab 11.00+8.29a 4.33+1.25a 7.00£0.00a 0.03+£0.00a 18.67+8.51a 8.33x1.25a 22.33+6.60ab
XY-Fxit 3.33+2.05ab 2.33+1.25a  13.33£5.31a 0.67+0.94a 2.33£3.30a 0.00£0.00a  1.83+x1.65b 1.67+1.70a  6.67+5.31b
NT1 1.33+1.25ab 1.33+1.25ab  4.67+3.30b 3.17+4.48a  11.00+15.56a 0.06+0.08a  9.17+3.0lab 4.67+5.25a 13.67+9.43b
T1 0.67+0.47ab 0.67+0.47ab  4.67+3.30b 0.33+0.47a 2.33£3.30a 0.00+£0.00a  4.00+5.66b 4.00+5.66a  2.33+3.30b
NT1-FfH 1.67+2.40ab 1.00x1.41ab  4.33+6.13b 6.83+6.51a 9.00+2.83a 0.03£0.0la  4.17+5.20b 2.67+3.09a  6.67+5.31b
NT2 4.00£1.63a  2.00+0.82ab 17.67+3.30a  13.67+18.62a 24.67+30.07a 0.12+£0.15a  33.00+25.47a 9.83+5.81a 42.00+22.55a
T2 0.00+0.00b  0.00+0.00b  0.00+0.00b 4.00+5.66a 6.67+9.43a 0.02+0.03a  18.17+24.64a 4.83+5.81a  9.00+8.29b
NT2-JHt 1.33+£1.25ab 1.00+0.80ab  6.67+5.31b 3.67+5.19a 9.00+12.73a 0.04+0.06a  3.67+3.57b 2.17+2.10a  8.67+6.13b

B A E PR R 22, 1R — SR 5 AN R)/NE R R AR AR B 8 22 53 B3 (p<0.05)

Data in this table are mean + SE, and different lowercases after the same column represent significant differences among treatments (p<0.05).
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3 g

e BRI R R OR ] DU R0 R s 5 R
H: (Burkness et al. ,2001; Chilcutt et al. ,2007) , 325
PN AP e, R E R L 4, R,
FORTEAF WM ) 52 TN E ORI ORI B 45
s B F dony fa 3 7 E I 2 T B0 A 4 i
(EAREFEBEN ,2019) , AHFFEH HYFHE N 1K
b Rh g [l — 2R N TR AL A DBN9936 51K 55 i
DXt A Y e S R DR e L R R R R OK
DBN9936 AEA 25847 I Al 8 H #0ARF HUp A A
BRI e 0 A ORI e T 6 () sl 2 1 ol
A PG BN PR BT R BRI B T Al AR PR I £
Vel g, e RO 1 AT 4 81 % eSS s 1 2l )
(Liang et al., 2021) , AWFFEEEREWAYIEAL Y
2 AN BE DT B R OK B AR AT LRI i i LA
SRR K K BRI K A i H 3 U e
FARbR . BRI FORPT IR AUR 50 KA W
F 22 SR AT B 5 AR YO A i R b i e
LA EA K, AEAEAE AR/ B A

a AR RERR IR H 30 bRF dk A s H 54k
FEERR S AN TC 0 25 S (2, 20165 K E N AR,
2012) , M7E HURAXF A B L D] b b A bt A e
FA RN D BB (RE A ,2012)

BEILIH K (T1/T2) 518 F b2 A% Bl a3k
BEFLIR K (NTI1-BRHL/NT2- 5% H) Y945 RERRARHE bR
FEHRRAR S, BRI, B 122 R BB 6 B
(] J | ToiAa il SEBRislr™ (PNELH A 2021 ) 5 HLAd
FHZS BRI A 77 BUAR BB R, 15 Y A B, N R
Al 2 0, 75y JoT i A e Y T B (2R [P AR AL
2022) , AT REZ3 500 5 BB A W) 22 Rk (R R
&% 2006 Arfan et al., 2018) . ¥IEFEYH T H
BN THMNREFE AT DA Sk it LR
TR ke A L S e Lk A 7 A e ol kit o
TE BB RIS FE B T AR 2 R E Y # F T
F49 T IR (PNLLIE SR 2021) 5 H 48 R 2 B0F 5T 4%
SR I VR B FRAE T 19 1 3h ) 2 e TG
ERM (BREOB S, 2021 (K, 20205 DA i 4
2019; 5K A #% 5%, 2018; Lee, 2021; Liang et al.,



5 4 1

S A5« Tl B PR K T 8] 49 JR s W A W 22 e R ol 3 e A ) R - 373 -

2021 ; Marques et al. ,2018) , 8% &% 3 RAE W) X 15
TS Z2 FEPE Y S a2/ N TR 25 OR) A A T
IS RE I DR A — 5 B9 RS E P (XSS5, 20045
Reed et al. ,2001) . AU 2 45 5 by U A5 4 b2
P SCHE

ABIFGE v B PR SR OK A 1) AR R B4 5 T
1,5 RS AIT T 45 AL, A ] 4b 3 oK FH Y 4%
KL FEETRBERT [2 ) B R e AR — 3 %K 2
FEPEFE BCFE 7 43 BsF [R]85 0% 38 20 mT RE 2 BT o0l 3%
HUCOBURE R - AL H ) Y 4R rh R R BUE R A Y
Wi, EE , B R K 1 LR )2 A VP AN S — K
WS R, T AT 2 I 24 2 skl A4 fE
AT N4 1 AT S IR IR B

PRscHd, 412 TiEHE, 258, BI07, 224, 2021, His
H B 3L K ZH10-6” X 1) A= ) 2 REME 2 . 4R
HARF, 47(3) : 109-114, 121.

FREEH, Kok, E8 %, 2020. ¥ CrylAh FER 00 E K
HGK60 X H 8] e sy e 24 B Z REME 2 . i 4 &5
F3, 31(12) ; 4180-4188.

EIER 2020 % crylAb A B B R xTAEdeAR Y LS4 S AE M
89 % v B R0 IR, B 2E AR S0, PRE . bRl
K.

Kb, RRBHTY, BXgede 2014, FET MR 45 ShBE ) B A 259
LS. BR R R FHR, 51(3) . 597-605.

B Rl A 4 5 R i AR 95 44, 2021, 2019 4E 4 BRA: W)
AR FHAEY LR RS, TRAH 2L,
41(1): 114-19.

fATI MG, AE4RVE, TRSCHE, XIAR, B2, 2018. Tif Ik R 5
LB F RN RIS RS e ZREME . £ 8 5 R
AYERBL IR, 34(4) : 333-341.

W, SCEE, 2021, 3 EHBR L3 R AR 8 I i AL
BAPER. T HOR WAL 49(22) ; 239-242.

B, W, B, EORME, BER, B, a,
2021. ERFEFREF TR L RS SR L n~. 24
FARBIR, 37(4); 164-176.

ZEARM, R, WIPL, IR, Mgk, 44k, BT,
HEXEH, FEA, 2022, FIL BT B VEY RS & PR Y
Rt E. A%% 45k, 31(3) . 203-209.

ZEEPE, Rk, BEsg, BRI, SHELTR, 2019, FRA crylA.
105 ,cry2Ab2 Fl cpdepsps F&PRIHT AL 5% 50 751 K (%) H B) Bt
PEVEMY. HAHRF, 45(1) ; 142-147.

ZRE -, LW, 2022, A A PR B B TR Y R L AL SR

W, AR AR AR, 49(1) : 17-32.

RN, kN4, SemT, T, sKEA, 2021, FEIEH
PREKRKBIR G RE. TRAH TR E, 41(6):
98-104.

XUSRAL, PRICHE, B, XIkR, 2020. % g10-epsps M BR
FRIR T ZUTS-33 X MA Y A ER . &R 4 5
F3R, 31(1); 122-128.

XUREWE, MR, WIZE, 2004, FiH B R K RS AL Ak
FIGHRE T B sh eI sgm. 2R A Sk, 15(12) .
2309-2314.

ThHEGE, (TREMG, YRoCHER, XUAR, BEE, 2019. FEEER E oK
X R S TR Z R R R . A B AR, 27
(4): 419-432.

Z3E, 2016, RE AN T 4 B AR AR 69 AJE. Wi+
W B Al R

WSCHE, XREL, M, KA, XIbR, 2021, 7 5LH 4 i
MR R G 3 AR AE X R L AR B A R AN T RS
BETE ZREPERRE . L 2 4R, 64(10) ; 1187-1195.

IMELH , TRIERE, 25 0L, AT, #6240k, 2021, 563EH &
KA 12-5-21 BT Huvk: e b B I i S2 4. A 4 % 4
F38, 30(1) ; 43-49.

INER, NIFHEE, 2R, B, sk, 2015. Hfehid R
TR TR TR RS E. P ER L5, 48
(2): 215-228.

TR, WeRHE, ml, THEAL, MEEE, &, 2HW, T
K, 2021. ¥ g2-epsps Fl gar HE A TR B 55 K & ZH10-6
XTHEAEY ZFEMER . & B b AAE S F R, 43(1) .
141-148.

TIRE, g, 2019. FRE Tk R E LA IUR EHE
BifeEsd . ARy, 45(1) : 1-11.

ZILH, X2, 2014, EESEHEEY M AEL STEN 5
KB HL. 46 R K FF4R, 33(6): 112-114.

Wi, BB, BESCAS, XM, Wi, 2R, TiE,
KA AT, 2006. % 5 PR FH AR 0 i 2l 25 B AH OG5 e [
TIrHr. B RFIR, 49(1) ; 80-85.

MY, S, RRB, AR, ZEARTE | 2020, ETFOCRERTT R
2R E R R TR S . St R A5, 48(3) .
169-172.

FREr, R, FHk, KFoT, 2017. # crylAc FHPLHR
FoK Bt-799 T H M5 RS W v ZREPER R, A 4 &
424K, 26(2) : 159-167.

Tk, XUE, &4, Fae, WZE, TR, BAe, ¥
W, KE, XX, FAR, BRE, 2012. AFRHETF
Bt UK SRR SESEELER. B RS
HE AP TR, 18(1) . 35-41.

KIEs, BERE, TR, KT, £%, 2018, 5% crylAb/



- 374 - AW EE AR (hE0)

Journal of Biosafety %33 %

ery2Aj Fl G10evo-epsps FHE PR £ K 12-5 5 FH 1] 15 B 50 ) #
VRT3 R FRF FH, 40(3) : 22-28.

SRESE, 2015, TOKRFFENFORBIFTIR LK e a4, %
RAAF | 43(32): 197-199.

AVFRS, BT, arner, ERFR, RIURE, PR, fRa
B, BRFIE, skIkEE, 2006. Rt R AGW A4 S A
PEBAG T A A R Hon. AT RO RO
kL.

ARRAS, TR =, ks, BEAL, XV, ABLH, £E,
2022, FEFEDIAT L TR BR 50 B Bk R A IR R OK
BBHTLS-1 BJ43FHHE S DI RETEAN. F B R A3 3k,
24(2) . 77-85.

ALBAJES R, LUMBIERRES B, PONS X, COMAS J, 2013.
Representative taxa in field trials for environmental risk as-
sessment of genetically modified maize. Bulletin of Entomo-
logical Research, 103(6) : 724-733.

ARFAN, ANSHARY A, BASRI Z, TOANA H, 2018. Effect of
chemical insecticides on the arthropod diversity in the agroe-
cosystem of red onion crops. Asian Journal of Crop Science,
10(3) . 107-114.

BHATTI M A, JIAN D, HEAD G P, JIANG C, MCKEE M J,
NICKSON T E, PILCHER C L, PILCHER C D, 2005.
Field evaluation of the impact of corn rootworm ( Coleoptera ;
Chrysomelidae ) -protected Bt corn on foliage-dwelling arthro-
pods. Environmental Entomology, 34(5): 1336—1345.

BURKNESS E C, HUTCHISON W D, BOLIN P C, BARTELS
D W, WARNOCK D F, DAVIS D W, 2001. Field efficacy
of sweet corn hybrids expressing a Bacillus thuringiensis toxin
for management of Ostrinia nubilalis ( Lepidoptera; Crambi-
dae) and Helicoverpa zea ( Lepidoptera; Noctuidae ). Jour-
nal of Economic Entomology, 94(1) . 197-203.

CHILCUTT C F, ODVODY G N, CARLOS C J, JEFF R, 2007.
Effects of Bacillus thuringiensis transgenic corn on corn ear-

worm and fall armyworm ( Lepidoptera: Noctuidae) densities.

Journal of Economic Entomology, 100(2) : 327-334.

COMAS C, LUMBIERRES B, PONS X, ALBAJES R, 2014.
No effects of Bacillus thuringiensis maize on nontarget organ-
isms in the field in southern Europe: a meta-analysis of 26
arthropod taxa. Transgenic Research, 23(1) : 135-143.

EFSA, 2010. Guidance on the environmental risk assessment of
genetically modified plants. EFSA Journal, 8(11): 1879.

JAN L, 2015. Public acceptance of plant biotechnology and GM
crops. Viruses, 7(8) : 4254-4281.

LEE S Y, 2021. Effects of Bt rice expressing crylAc on ecologi-
cal functional guilds and community of non-target insects.
Entomological Research, 51(4): 196-205.

LIANG J G, ZHANGD D, LIDY, ZHAOS Y, WANGCY,
XIAO Y T, XU D, YANG Y Z, LI G P, WANG L L, 2021.
Expression profiles of crylAb protein and its insecticidal effi-
cacy against the invasive fall armyworm for Chinese domestic
GM maize DBN9936. Journal of Integrative Agriculture, 20
(3): 12.

MARQUES L H, SANTOS A C, CASTRO B A, STORER N P,
BABCOCK J M , LEPPING M D, VERISSIMO S,
MOSCARDINI V F, RULE D M, FERNANDES O A. 2018.
Impact of transgenic soybean expressing crylAc and crylF
proteins on the non-target arthropod community associated
with soybean in Brazil. PLoS ONE, 13(2) . e0191567.

REED G L, JENSEN A S, RIEBE J, HEAD G, DUAN J J,
2001. Transgenic Bt potato and conventional insecticides for
Colorado potato beetle management: comparative efficacy
and non-target impacts. Entomologia experimentalis et appli-
cata, 100(1) ; 89-100.

SHETTY M J, CHANDAN K, HC K, APARNA G S, 2018.
Genetically modified crops: an overview. AkiNik Publica-

tions, 7(1) : 2405-2410.

(ARG 5 E)



