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Asymmetrical responses of cotton bollworm Helicoverpa armigera to global warming
and agricultural intensification in Bt cotton fields

CUI Hongying" ZHAO Zihua
(Department of Entomology, College of Plant Protection, China Agricultural University, Beijing 100193, China)

Abstract: To determine the effects of global warming and agricultural intensification on the population
occurrence of the cotton bollworm, Helicoverpa armigera, in fields of transgenic Bt cotton, the data of
cotton planting area, occurrence area of H. armigera and annual average temperature in Shandong,
Henan and Hebei provinces of northern China were collected during 1987—2017. The pest attack index
of H. armigera in these three provinces was analyzed by using one-way ANOVA and generalized linear
model to compare the population occurrence degrees of H. armigera in cotton fields before and after
transgenic Bt cotton planting. Before transgenic Bt cotton planting, the results showed that the pest at-
tack index of H. armigera significantly increased in the years of heavy occurrence compared with that
in the years of light occurrence for cotton bollworm in Shandong, Henan and Hebei provinces, which
were 1.01-fold, 2.03-fold and 69.33%, respectively. The temperature anomaly had the same trend,
which increased 1.91-, 2.33- and 2.29-fold in Shandong, Henan and Hebei provinces, respectively. After
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transgenic Bt cotton planting, the pest attack index of H. armigera significantly increased in heavy
years compared with that in light years for cotton bollworm occurrence in Shandong, Henan and Hebei
provinces, which was 1.47-, 1.92- and 1.25-fold, respectively. The temperature anomaly had the oppo-
site trend, the pest attack index of H. armigera significantly increased in light years compared with that
in heavy years for cotton bollworm occurrence in Shandong, Henan and Hebei provinces, which was
2.00-, 1.94- and 2.01-fold, respectively. Cotton planting area had the same tread, which increased 75.94%
and 38.92% in Henan and Hebei provinces, respectively. It indicated that global warming significantly
reduced the pest attack index of H. armigera, while agricultural intensification significantly increased
the pest attack index of H. armigera after transgenic Bt cotton planting. Intensification of transgenic Bt
cotton significantly changed the response of H. armigera to global warming. These results indicated

that cotton bollworm in non-transgenic cotton fields was affected by natural factors, while cotton boll-

worm in transgenic Bt cotton fields was significantly affected by both natural and human factors.

Key words: global warming; Helicoverpa armigera; pest attack index; transgenic Bt cotton
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Fig. 1 Pest attack index of Helicoverpa armigera (A), temperature anomaly (B) and cotton planting area (C)

in Shandong, Henan and Hebei provinces during 1987 to 2017
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Fig. 2 Pest attack index of Helicoverpa armigera (A—C), temperature anomaly (D-F) and agricultural intensification (G-1)
in Shandong, Henan and Hebei provinces before and after transgenic Bt cotton planting in light
and heavy years of cotton bollworm occurrence
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Fig. 3 The relationships between the pest attack index of Helicoverpa armigera and temperature anomaly (A, B), agricultural

intensification (C) described by a generalized linear model before and after transgenic Bt cotton planting

3 it

AW ER], W A Al AR H
AR S HUZE 1993 11994 F1 1995 4F & AF Fie ™ 0, 3X
HETPIL(1998)BIFEE R —E. [ 1992 4FIH 4 Al
B W IO TE TR [ 2 SRR AL 7 IXRR Lt R 2R A, 1
JEHE R TR (F5 1T, 1998) o A 1997 4EFF 4,
Bt 2 Bt BRI A 10 TR AR R, ARt &
AR BRI, i BEEERIAR AR X AR S L 4l HOANY
AEEAAER R A K A B CRK S,
2001 ; 4 B HESF,2002)

HBIFFE R W, S8 AR ) S AR W 255
e B R AR B AT AR R SR B At QA 1
IR A R EIE K S8R AEY) 52 F ™ 5 (Poy-
ry et al.,2011; N EE,2017) . BN, S ARASE
R TR LN S SR Thaumetopoea pityocampa
() e A B8, AR R AE G 3G, 4 8 P REAIG, -
1R F WG B Sy A 2 T, R > B AR 3 B
T 520 (Hodar et al., 2003) . Zhao et al.(2016)
5% Kk RGN M Cnaphalocrocis medinalis (R
EIRECSIRE 2R E IR, Ko ERERE S
AR B 1M 34 hn . {H & Lehmann et al. (2020) B 5% %
PSS W S 25 AR T B AR A R AR Bl R

FER R B Dy IR SAE I R RS T . Bilan<
A A% Bz AN 1] T iRt B ZRARLT R 85 Evebia medu-
sa MR R SRR R FEOLL) LT R T 5, i &
Kol U i 2 R, R S8 2 K (Stuhldre-
her et al.,2014) . AR LR BoR, 7 Bt I K 4E
FRAERT, LI R4S I RS A8 Rl A8 A S HOE R e 5K
Bifi 2 IR T e o s (HR e Bt I AR AL RIS
IX 3 A4 RS HUI A B B o IR 1) v T AT
F IR A5 5 B I DA AR iR, AR s e Al
T A 7 W T S 3 R AT, o 32 13 B SE A
FAE A B 2 AL AT i 25 A A8 T A AR I X A 4% HU
FEAYS A

AWFTELE R T e BeSE AR AL FPAE T, AR AL
(A LA AT FIRR A8 B 3 8 BT oA DG,
Ji AL AT 5 M A 2 2 38 AR A 0GB T A
1, e ZMEY I £k 8k R GG SR EY) A5
W AR 3T 32, P RE(EASA A6 1Y 52 29 Ak AT X
MR R A IF o W m . ARV AR AL AT DL
AR R PR AL TR 2 M TR, 46 S K aE
1) 55 L5 BEARORPE B B, S N T RS LA A
FEEE (Ouyang et al., 2014) . X 5 AW 98 25 R —
0, AV Bt FE AR AE A S | Bl 25 i A6 4 29 AL i
TR B2 B4 e, MRS U R A 2 T o SR AT



918 i/ A 474

REA LA 2071 - 1556, Bl i Bt SE PRI AL 2 AF b
L, A% HO0H S B 3 PR AE I Bt 2 AR5 i, o
FIR M A R AR TRE BT AR AR R Rh
BRI (Li et al., 2004) , ok, K48 il
FETEAR Z2 IOl B M AN ar AR R KL, % Bt R AE T
FE 2 30 2o 532 M A H T 5 e LR, S ORI
D (FBEE A, 2008 F 52245, 2011) , 1 HLFE %
FEAAE Y X R OGRS R N, Bk R
B S DX, R 5 | R AR S A AR R
(JRASE,2003 5 Xk A, 2006) .

ZE TR AR HUH K A P R AR S 4, B
SARARRE 5 A SR Z sk , AN R R W2 T
B R . e BUEE DR AR AT, AR AR B 1 3
S AR S HURY R T8 5 BRI AERIE S , <
AR 7 L K N Ay PR 25 A U PR Jk 3 S T 424 HL YY)
SEFEEL, B e A R B SRR3R S R
A IAE A, LASE AR (o ] REak () HUE A3, (R0
NI EAFIREE A AT (R A B B

& # 3 #t (References)

BATARY P, BALDI A, SAROSPATAKI M, KOHLER F, VERHULST
J, KNOP E, HERZOG F, KLEIIN D. 2010. Effect of conserva-
tion management on bees and insect-pollinated grassland plant
communities in three European countries. Agriculture, Ecosys-
tems and Environment, 136(1/2): 35-39

CHEN SD, HU BH. 2003. The plant protection of past fifty years in
China. Beijing: China Agriculture Press, pp. 50-100 (in Chi-
nese) [FAE 31, SHAAT . 2003, Hr R CR A H AR db 5t
[ Al BikE, pp. 50-100]

DENG X, ZHAO TC, GAO BD, ZHANG Y]J, SUN FZ. 2006. Advance
on the biosafety assessment of insect-resistant transgenic cotton.
Acta Ecologica Sinica, 26(12): 4244-4249 (in Chinese) [ X ik,
BRIE B, abik, KA, PMETE . 2006. ST U A ) 22
VPN IFFEHERE . A48 4], 26(12): 4244-4249]

DHILLON MK, SHARMA HC. 2008. Influence of temperature and
Helicoverpa armigera food on survival and development of the
parasitoid, Campoletis chlorideae. Indian Journal of Plant Pro-
tection, 36(2): 240-244

EGLI L, MEYER C, SCHERBER C, KREFT H, TSCHARNTKE T.
2018. Winners and losers of national and global efforts to recon-
cile agricultural intensification and biodiversity conservation.
Global Change Biology, 24(5): 2212-2228

GABRIEL D, TSCHARNTKE T. 2007. Insect pollinated plants benefit
from organic farming. Agriculture, Ecosystems and Environ-
ment, 118(1/4): 43-48

GAO YL, FENG HQ, WU KM. 2010. Regulation of the seasonal popu-
lation patterns of Helicoverpa armigera moths by Bt cotton

planting. Transgenic Research, 19(4): 557-562

GUO JY, ZHOU HX, WAN FH, FAN ZN, DONG L. 2008. Impacts of
transgenic Bt cotton planting history and cropping patterns on
development and oviposition of Propylaea japonica Thunberg
(Coleoptera: Coccinellidae). Journal of Plant Protection, 35(2):
137-142 (in Chinese) [SF#0, JEUEI0, T 5, 6, % .
2008. Bt A Fi A I SRR 4y A = 75 200 f e St A KR 7
VAR . R AR, 35(2): 137-142]

GUO YY. 1998. Study on cotton bollworm. Beijing: China Agriculture
Press, pp. 279-286 (in Chinese) [5577C . 1998. 4% ALY 57 .
Jent: POl R, pp. 279-286]

HABEL JC, ULRICH W, BIBURGER N, SEIBOLD S, SCHMITT T.
2019. Agricultural intensification drives butterfly decline. Insect
Conservation and Diversity, 12(4): 289-295

HODAR JA, CASTTRO J, ZAMORA R. 2003. Pine processionary cat-
erpillar Thaumetopoea pityocampa as a new threat for relict
Mediterranean Scots pine forests under climatic warming. Bio-
logical Conservation, 110(1): 123-129

HUANG J, LI J. 2015. Effects of climate change on overwintering pu-
pae of the cotton bollworm, Helicoverpa armigera (Hibner)
(Lepidoptera: Noctuidae). International Journal of Biometeorolo-
gy, 59(7): 863-876

Intergovernmental Panel on Climate Change (IPCC). 2014. Climate
change 2014: synthesis report.//PACHAURI R, MEYER L. Con-
tribution of Working Groups I, II and III to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cam-
bridge, UK & New York, USA: Cambridge University Press, pp.
151

JAMIESON MA, BURKLE LA, MANSON JS, RUNYON JB, TROW-
BRIDGE AM, ZIENTEK J. 2017. Global change effects on
plant-insect interactions: the role of phytochemistry. Current
Opinion in Insect Science, 23: 70-80

LEHMANN P, AMMUNET T, BARTON M, BATTISTI A, EIGEN-
BRODE SD, JEPSEN JU, KALINKAT G, NEUVONEN S,
NIEMELA P, TERBLANCHE JS, et al. 2020. Complex respons-
es of global insect pests to climate warming. Frontiers in Ecolo-
gy and the Environment, 18(3): 141-150

LI GP, WU KM, GOULD F, FENG HQ, HE Y, GUO YY. 2004. Fre-
quency of Bt resistance genes in Helicoverpa armigera popula-
tions from the Yellow River cotton-farming region of China. En-
tomologia Experimentalis et Applicata, 112(2): 135-143

LU ZZ, ZALUCKI MP, PERKINS LE, WANG DY, WU LL. 2013. To-
wards a resistance management strategy for Helicoverpa armig-
era in Bt-cotton in northwestern China: an assessment of poten-
tial refuge crops. Journal of Pest Science, 86(4): 695-703

OUYANG F, HUI C, GE S, MEN XY, ZHAO ZH, SHI PJ, ZHANG
YS, LI BL. 2014. Weakening density dependence from climate
change and agricultural intensification triggers pest outbreaks: a
37-year observation of cotton bollworms. Ecology and Evolu-
tion, 4: 3362-3374

POYRY J, LEINONEN R, SODERMAN G, NEMINEN M, HEIKKIN-
EN RK, CARTER TR. 2011. Climate-induced increase of moth

multivoltinism in boreal regions. Global Ecology and Biogeogra-



44 FEHESEAE e BT FEARER 0T A W 5 A 4 (R AR A X Bk 919

phy, 20(2): 289-298

ROBINET C, ROQUES A. 2010. Direct impacts of recent climate
warming on insect populations. Integrative Zoology, 5(2): 132-
142

RUI CH, FAN XL, DONG FS, GUO SD. 2002. Temporal and spatial
dynamics of the resistance of transgenic cotton cultivars to Heli-
coverpa armigera (Hiibner). Acta Entomologica Sinica, 45(5):
567-570 (in Chinese) [ 5, 0 BEAK, 361k, S8 =4k . 2002.
ARV RE R AR X AR RS T Rt A B A R Hl, 45
(5): 567-570]

STUHLDREHER G, HERMANN G, FARTMANN T. 2014. Cold-
adapted species in a warming world: an explorative study on the
impact of high winter temperatures on a continental butterfly.
Entomologia Experimentalis et Applicata, 151(3): 270-279

SU L, GE F, LIU XH. 2003. Effects of chemical insecticides on popula-
tions of insect pests and natural enemies in different cotton
fields. Acta Ecologica Sinica, 23(12): 2631-2641 (in Chinese)
[, S0, XU TR . 2003. A2 HUGR) A [ ZE 20 A 73 7
RECHEERYFZM . A= 257F40, 23(12): 2631-2641]

SUN YC, GUO HIJ, GE F. 2017. Progress in research on the responses
of insects to global climate change. Chinese Journal of Applied
Entomology, 54(4): 539-552 (in Chinese) [#h L i, 21, X
W8 2017. B X A IR AG AL A ity i 17 5 3 B . 7 B
i, 54(4): 539-552]

THIES C, HAENKE S, SCHERBER C, BENGTSSON J, BOMMAR-
CO R, CLEMENT LW, CERYNGIER P, DENNIS C, EMMER-
SON M, GAGIC V, et al. 2011. The relationship between agricul-
tural intensification and biological control: experimental tests
across Europe. Ecological Applications, 21(6): 2187-2196

WU KM, GUO, YY. 2005. The evolution of cotton pest management
practices in China. Annual Review of Entomology, 50: 31-52

WU KM, LU YH, FENG HQ, JIANG YY, ZHAO JZ. 2008. Suppres-
sion of cotton bollworm in multiple crops in China in areas with
Bt toxin-containing cotton. Science, 321(5896): 1676-1678

WU KM, XTAO YT. 2008. Transformation into insect-resistant genes
for reduction of pesticides: environmental safety and risk man-
agement of transgenic insect-resistant cotton. Human and Bio-
sphere, (6): 44-46 (in Chinese) [ fLH, H§ £ . 2018. F AL
B DR 2 24 1l 1Y - P ik DR e TR A 1 AR 052 4 D XL
. NLLEWIE, (6): 44-46)

XU RQ, XU J, CHENG DX. 2001. Advances of transgenic insect-resis-

tant cotton breeding in China. Chinese Agricultural Science Bul-

letin, 17(4): 53-56 (in Chinese) [R5, 12, 2 S Hr . 2001.
SRR B AR . T R A, 17(4): 53-56]

YAN LZ, ZHAO CY, LIU XY, LU FC, GUAN X, LIU MH, LI JS.
2011. Influence and mechanism of transgenic crops on the food
chain: plant-pest-predator. Plant Protection, 37(6): 27-31 (in
Chinese) [IF52E, B, MILERE, B RR, SCi, XIETe, 242
2. 2011 e BtIE A R A -3 - R T W BE A S . A
YR, 37(6): 27-31]

YOUNG OR. 2002. Can new institutions solve atmospheric problems:
confronting acid rain, ozone depletion and climate change.//
STEFFEN W, JAGER J, CARSON DJ, BRADSHAW C. Chal-
lenges of a changing earth. Berlin, Heidelberg: Springer, pp. 87—
91

ZHANG DD, XIAO YT, CHEN WB, LU YH, WU KM. 2019. Field
monitoring of Helicoverpa armigera (Lepidoptera: Noctuidae)
CrylAc insecticidal protein resistance in China (2005—2017).
Pest Management Science, 75(3): 753-759

ZHANG R, WANG Y, MENG ZG, SUN GQ, GUO SD. 2007. Retro-
spect and prospect of research on Chinese transgenic insecticidal
cotton. Journal of Agricultural Science and Technology, 9(4):
32-42 (in Chinese) [ K Bi, 13, & W1, 70 E W, 58 = .
2007. [F 7 e R P AR DFSE I B 5 e B2 v (R A R
2, 9(4): 32-42]

ZHANG YJ, WU KM, GUO YY. 2001. On the spatio-temporal expres-
sion of the contents of Bt insecticidal protein and the resistance
of Bt transgenic cotton to cotton bollworm. Journal of Plant Pro-
tection, 28(1): 1-6 (in Chinese) [ 5K K 4%, LW, ¥ T JC .
2001. %% Bt H: PR AL A TR 1 3% 1 I 28 308 MO AR S i i 32
AR AP 2E4R, 28(1): 1-6]

ZHAO KJ, ZHAO JZ, LU MG, FAN XL. 2000. A systematic evalua-
tion of the effects of Bt transgenic cotton on the growth and de-
velopment of cotton bollworm. Journal of Plant Protection, 27
(3): 205-209 (in Chinese) [#X Zs %%, X HLJH, f5 3656, TLBEAK.
2000. FeHEFHTHAR AL XIS AR BRI RGN . A
P RI=AA, 27(3): 205-209]

ZHAO ZH, CANG H, HE DH, LI BL. 2015. Effects of agricultural in-
tensification on ability of natural enemies to control aphids. Sci-
entific Reports, 5: 8024

ZHAO ZH, SANDHU HS, OUYANG F, GE F. 2016. Landscape chang-
es have greater effects than climate changes on six insect pests
in China. Science China Life Sciences, 59(6): 627-633

(FrAEsmdt: 5= £ 45)



