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Table 1. Mortality percentage of second instar larvae and body weight of different instars larvae (Mean + SE) of H. armigera on Bt cotton and control cotton

Treatment Mortality* % Second instar (gr) Third instar (gr) Fourth instar (gr) Fifth instar (gr) Fifth instar (gr)
Bt cotton 68+2.23° 0.025 +0.00" 0.074£0.00° 0.12:+0.004° 0.25+0.004° 0.36+0.005"
Control cotton 6+0.00" 0.029 £0.00% 0.087 £0.00* 0.91+0.004% 0.31+0.006 0.42+0.008"
t 7.05 34.2 22.09 17.6 43.7 28.9
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

In each column means followed by a different latter are significantly different.
*Mortality% is calculated for second instar larvae.

L 9 4y 51 57 Ay olS” (S35 4Bl my9y H. armigera Cilicee (i ($95Y (39) ((wSWeESE) 0598 Job -F Jgur
2. Developmental period (day) (Mean +SE) of different larval stages H. armigera reared on Bt cotton and control cotton.

treatment First instar Second instar Third instar Fourth instar Fifth instar sixth instar Total period
a a
Bt cotton 6.1+0.3° 7.1+0.41° 7.5+0.5° 5.1+0.63° 5.0+0.63° 6.020.7 37.4%12
b b
Control 3.2+0.21° 3.1+0.32° 4.1+0.31° 3.5+0.43" 4.2+0.32° 4.10.43 21.620.62
t 232 8.04 4.86 46.67 9.97 2.02 36.14
p 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

In each column means followed by a different latter are significantly different.
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Figure 1. Total protease activity (umol min-1 mgr-1 protein) of different larval instar of H.
armigera feed on transgenic (Bt) cotton and control cotton, using Azocasein as substrate.
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Figure 2. Specific protease activity (umol min™ mgr™ protein) of fifth and sixth larval instar of H.
armigera feed on transgenic (Bt) cotton and control cotton, using BapNA as substrate.
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Figure 3. Specific protease activity (umol min™ mgr? protein) of fifth and sixth larval instar of H.
armigera feed on transgenic (Bt) cotton and control cotton, using SAAPFpNA as substrate.

35h 0 65 5 3 Syl il Cagn el ol L Ldile
Conal Sl L5 o BT J 28 o e b 51 a8
Jsb SHl3 ol 4 ialS o gl 0T 51l
22 G Oy Sde gy pd s s,Y o)
Arshad etal., ) 4,8 o )l 3 b Oliasis L s
B. thuringiensis S\ <3t 51 S (2009
IS Ol 4 oS Sl 0T Glads As Casls
Dahi g 5 S JAS 50 Cote Slani
oA pl3 4 Ws S edalin pdises bl ol
Plodia (slas,¥ 53 (e 5 055508 (JS o55.)
T 4L o 2als Bt L ous o dss interpunctella
Ao bole oS Olge 4 Bt oS azils 1) (o5 o
Ojs Olal JaslasT 55 uomen AS o fos ads
e L el eizd el Gastls Ol 4 b)Y
Qs gys 4 s )Y oS s psdse ) Ll &
&l » .(Nouri-Ganbalani et al, 2016) loiis

Sl & hgm (BT Cuslin &1y pab g0 2l g oo

L
22 oY DUl do s LB Gl e o

Gso¥ ey dsb Sl 5 5,¥ 05y el pss
ol oad  dald Hld g Golame Dle
5 Cry 1Ab S 5 Sl ar g Ll cdalis
o358 0,5 e I STl ST Calisee sba S
Slads SL,lsil o, sl 0S5 A
4 s (Yoshinori and Harryk, 1993) s,is
BIETERUTSY ESTEN PN NS INSTRE- 1.3
Sbs,Y 055 5 IRl gs,Y es Jsb s L)
A Al b glin 3 a1 ol Sl a3 S adis
o ) 03 Gt s b st ) D3
Jols” cale (Bajwa and Kogan, 2001) ale
ads ase )l 5 oany 51 aS Sg,Y 05y Lials syl
L o8 5 oY 4ds pde s 4 L clles S
S gl 4 (gusb 4 ib es g LOT eSWl wds

o) a5 olE Gl wdis 1 da win oK lay,Y

44



sy WAV ol oF ojles FY e o((65,5L5S7 oale dloa) i 58lE

oS 36 eyl S 3ose SSsp dlse e
o dis oS sls Olas BT sy 055 dgb p il
35Y 0593 db Il Sl w515 olS 51 lag,Y
S o1 Cdlad Gaims ol 53 Al bag,Y Oy als
b oRIB ol 53 53 oY ey e B p s e
sdalive Hles 53 3 S5, wFT Sl awlis L
osb 4wl 5 oS s 5 T S oS s
omb 3,0 Jlaal 5 dals olE 1 28 g5 LG
R O 3 e Gl edma 5 S5 5 ol Oy
Sl Eals a3 5 edre ladshe (o)l
> (Bajwa and Kogrn, 2001) 4t 55 r_;T
sl 55 5B, w3l Sl osY dsl e
Yoz | el o Aall 51 (g5l5 srn )b 4 ase 1 5
Af'cwli):gj)\&w))‘ﬁs\fa\f@|t}:b&ll4{
i 33 5 S o b5 Sk 3T S s
S slam w5 oS Gl ads wlsl L g
Col &8 Wpd oo o B Sl o3g) o)l s clad sk
o s e b s lin 3 555 5 e 5T Rl
4 0T Jlail ol Gl odme 55 oS 5 ) o>
Py o S el e 55 5 ekd 25 slaes S
AR 4 e ol 735 B g S 05l 3
sshe T ol S Al Sl 3T A
oS5 Y Gy wFT Mg e e s
5 Al dalgt o) e LS (e S3L5S 1) S
EIEDERCIRN IR PR R T LTS SS RTETRES
e 2l b)Y Gl e 5T Sl 2alS S s
9 ddy GAS Eol ul ol &S S o Sl ys 1y (6 S
SN o L s el g N OG5 2l 5 s
A s b 1P e s, W
s w e e S e w Ol o 1) G555, Sl
(Simpson et al., 1998) c.ils YL i 55 ol
5 s, ﬁ;T Sl oS s sdaline id o

Lo 8L Al oy e bl 5 el e

LS o slowl INet) BT (g5 g5 4o &S 5T
Ay Ly 53 o sllasl SIS a5 ey NS5k
21 36 o i i 51 SWlail 5 s s
35 0 Olje sdalie pde . ClE (53,Y sl
P S Sen ¢S Ol s 4 LIS (S e
05 SssY 3 (Fp ol Coleo a1 5 QLS
oY o S5 sl Sl @ an o)k
ol b Js (Yoshinori and Harryk, 1993) .t
53,5 Aokl daly ol 53 Ol 5 oai plad 5 5b 4 Jl-
Jom 4 a8 gla gy Sl (6520 Sla gy p a5
iy ojsb p S 4 il 0T 51 (Sl Sl ok plan]
Sl 536 &S ol 56 L o,k ¢SS H. armigera
L OT a3l 4 OblE Calss (slaodiS lgs 5
Alvi et al., ) &T 56 s o 3 L50 Cov
DS 5 03 i b Jee oal ey 0358 p S (2012
Bajwa and Kogrn, ) 4as el (uﬁﬂ) odra
Sy sbwl Cel b Sy o) 12001
AR L RGN N} st BUBLERUBIE g LW
3)ly Slus alizee OV guases 4 oS ol 36 5T
B. S oS5 sl auly 0bLE uS
$lp JSely e Olse 4 Wl thuringiensis
ol bhlis oo sl gladle 53 8T ol b ablas
S oy e 5 L3y Gpb 535 b 55 OLlS
355 5 e Caglie il 5 0LLE (o ST GV
Blas 5o ST ol &S 55500 0yl (9 L Ol
Anilkumar et al., ) L5 pslie asl s OlLS
ol S39n 5 20sm > S Qlagm) 35 L (2008
S 350 53 Jllal on bl 48 8 &) oo 3T
353 a5 OLE bl 53 3T oyl e 3T b
B. 6, SL & Wi esls Ol wor ol o s
2> s, ﬁﬂ e ials el thuringiensis
R lae s (l 5d 0 55 S (d dalh b i



b Lsg sdeo 5 i ol gladle 3 ax Ol
w5 O b 5T slaodiS ylean pl5 3,8
WS sl iyl 0L s 1y S Caglie
.(Bajwa and Kogrn, 2001)
s 4wl 5 0lE Sl eslizal (IS 54k 4
o S3T ade o a5y 5 O Ul &S OT
208 Sl e Sl g Wbl
Bl sy g 03 AL gland L e 1S EST
iy ojsb oS ade CIY 0 ol asy Sl eslizul
5 g e gla il gyls gme Sl
sy oS 5l Olas 5 CsliE Gl 4 OT (S50 5
&Ta,&>)>wpwﬁe;dff;\@>5t
S5 Ik 03 & it 2T G b 1Ll S sl
ST e 53 WS S e gl 4 ST

B a5 3550 5 el 4y 058 p S Al sege

S Sl
oKils agn Oslae Sl die ol OB Ay 5
o35 4 Ol pl 6558 (65555 5w oK g3y 5 0,8
EYY V-A“)s e JB-\.’::-}S S gRs J.‘.'f.\ GGT ul..:-

REFERENCES

Sl mi 5 4 L e 5 ot 4R pde (s 4
Patankar et al., ) ol,Ken 5 ,ISLL 5L N
(..U'ST Cled 59, e il L sl olis (2001
G 03 5 3L SR e ojsk e S 5o S S
o 03 5 b odaliie @ 5T s 0 VL 5 ke
GF LOT il als T ol cl i
S Wl o Bl by e tals ul ST Ws S
O b g b Bl Al 55 (ol 5l ge O e
0S5 ) 4 0 hd 4 O oS (6l AT e 53 50
B (Gt F5oS 5 G ) S e

OLs Jlb gy S S w5 L e
j\;“)éﬁtfs:*n\o.)‘b@l:}.u\})‘:éj:f\{wf}:)ﬁ
o3 ol sadshe 53 (Gle o3 ol o) o
kg z eoler B dsl ot slasY s Lo puase
T o 00 (P9 Sl 0 did 5 (5 5 oy e b
ol 4 Y| &7 s o b e 3T ol 22 6
j\qu.lﬁjbsj\(l{WL;h))‘YAf@\@m
B e P e R B
Lodom ¢ Sl odme o)l 3 s 5 4 508 (5, Ul e

Az SV Ao 4 sad 5 A 5 BT Sl

Alvi, A. H. K., Sayyed, A. H., Naee, M., and Ali, M. 2012. Field Evolved Resistance in
Helicoverpa armigera (Lepidoptera: Noctuidae) to Bacillus thuringiensis Toxin
CrylAc in Pakistan. PLoS ONE, 7: 1-9.

Anilkumar, K. J., Rodrigo-Simon, A., Ferre, J., Pusztai Carey, M., Sivasupramaniam,
S., and Moar, W. J. 2008. Production and characterization of Bacillus thuringiensis
CrylAc-resistant cotton bollworm Helicoverpa zea (Boddie). Applied and
Environmental Microbiology, 74: 462-469.

Arshad, M., Suhail, A., Arif, M. J., and Khan, M. A. 2009. Transgenic-Bt and non-
transgenic cotton effects on survival and growth of Helicoverpa armigera. International
Journal of Agricultural and Biological Engineering, 11: 473-476.

ZA



%4 WAV ol oF ojles FY e o((65,5L5S7 oale dloa) i 58lE

Ashfag, M., Young, S., and McNew, R. 2001. Larval mortality and development of
Pseudoplusia includens (Lepidoptera: Noctuidae) reared on a transgenic Bacillus
thuringiensis_cotton cultivar expressing CrylAc insecticidal protein. Journal of
Economic Entomology, 94: 1053-1058.

Azambuja R., Degrande, P. E., dos Santos, R. O., de Souza, E. P., and Gomes, C. E. C.
2015. Effect of Bt Soybean on Larvae of Helicoverpa armigera (Hubner) (Lepidoptera:
Noctuidae). Journal of Agricultural Science, 7(8): 90-94.

Azimi S., Rahmani S., Tohidfar, M., and Ashouri, A. 2016. Effect of Iranian Bt cotton
on life table of Bemisia tabaci (Hemiptera: Alyrodidae) and Cry 1Ab detection in the
whitefly honeydew. Arthropods, 5(3): 87-96.

Bambawale, O. M., Singh, A., Sharma, O. P., Bhosle, B. B., Lavekar, R. C,,
Dhandapani, A., Kanwar, V., Tanwar, R. K., Rathod, K. S., Patange, N. R., and Pawar,
V. M. 2004. Performance of Bt cotton (MECH-162) under Integrated Pest Management
in farmers' participatory field trial in Nanded district, Central India. Current Science, 86:
1628-1633.

Bajwa, W. 1., and Kogan, M. 2001. Bacillus thuringiensis- based biological control of
insect pests Integrated Plant Protection Center (IPPC). Oregon State University,
Corvallis. National IPM Network.

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry, 72: 248-254.

Carriere, Y., Crickmore, N., and Tabashnik, B. E. 2015. Optimizing pyramided
transgenic Bt crops for sustainable pest management. Nature Biology, 33: 161-168.

Cascone, P., lodice, L., Maffei, M. E., Bossi, S., Arimura, G., and Guerrieri, E. 2015.
Tobacco overexpressing B-ocimene induces direct and indirect responses against aphids
in receiver tomato plants. Journal of Plant Physiology, 173: 28-32.

Chelliah, A., Gupta, G. P., Karuppiah, S., and Kumar, P. A. 2011. Chimeric d-
endotoxins of Bacillus thuringiensis with increased activity against Helicoverpa
armigera. International Journal of Tropical Insect Science, 31: 59-68.

Czepak, C., Vivan, L. M., and Albernaz, K. C. 2013. Pragas da vez. Cultivar Grandes
Culturas, 167: 20-27.

Damalas, C. A., and Eleftherohorinos, I. G. 2011. Pesticide exposure, safety issues, and
risk assessment indicators. International Journal of Environmental Research and Public
Health, 8: 1402-1419.


http://www.google.com/url?sa=t&rct=j&q=ana+biochem&source=web&cd=5&ved=0CFwQFjAE&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0003269785900685&ei=VbrJT52bMtKJhQey99DkDw&usg=AFQjCNF6NraK3iUZCYn5gfvNn2Hlt2HbAw
http://www.google.com/url?sa=t&rct=j&q=ana+biochem&source=web&cd=5&ved=0CFwQFjAE&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0003269785900685&ei=VbrJT52bMtKJhQey99DkDw&usg=AFQjCNF6NraK3iUZCYn5gfvNn2Hlt2HbAw

Degrande, P. E., and Omoto, C. 2013. Pragas: Estancar prejuizos. Cultivar Grandes
Culturas, 167: 30-34.

Feng, H., Gouldb, F., Huangb, Y., Jiangd, Y., and Wua, K. 2010. Modeling the
population dynamics of cotton bollworm Helicoverpa armigera (Hibner) (Lepidoptera:
Noctuidae) over a wide are in northern China. Ecological Modelling, 221: 1819-1830.

Fitt, G. P. 1994. Cotton pest management: Part 3. An Australian perspective. Annual
Review of Entomology, 39: 543-562.

Fitt, G. P. 1989. the ecology of Heliothis species in relation to agroecosystems. Annual
Review of Entomology, 34(1): 17-52.

Franco, O. L., Rigden, D. J., Melo, F. R., and Grossi de Sa, M. F. 2002. Plant alphaamylase
inhibitors and their interaction with insect alpha-amylases -structure, function and potential
for crop protection. European Journal of Biochemistry, 269: 397-412.

Gatehouse, A. M. R., and Gatehouse, J. A. 1998. Identifying Proteins with Insecticidal
Activity: use of encoding genes to produce insect-resistant transgenic crops. Pesticide
Science, 52: 165-175.

Gill, S. S., Cowles, E. A., and Pietrantonio, P.V. 1992. The mode of action of Bacillus
thuringiensis endotoxins. Annual Review of Entomology, 37:615-636.

Gujar, G. T., Kalia, V., Kumari, A., Singh, B. P., Mittal, A., Nair, R., and Mohan, M. 2007.
Helicoverpa armigera baseline susceptibility to Bacillus thuringiensis Cry toxins and
resistance management for Bt cotton in India. Journal of Invertebrate Pathology, 95: 214-219.

Guo, J. Y., Wu, G., and Wan, F. H. 2010. Activities of digestive and detoxification
enzymes in multiple generations of beet armyworm, Spodoptera exigua (Hubner), in
response to transgenic Bt cotton. Journal of Pest Science, 83(4): 53—460.

Halcomb, J., Benedict, J., Cook, B., Ring, and D. 1996. Survival and growth of bollworm
and tobacco budworm on nontransgenic and transgenic cotton expressing a CrylA
insecticidal protein (Lepidoptera: Noctuidae). Environmental Entomology, 25: 250-255.

Head, G., Moar, M., Eubanks, M., Freeman, B., Ruberson, J., Hagerty, A., and Turnipseed,
S. 2005. A multiyear, large-scale comparison of arthropod populations on commercially
managed Bt and non-Bt cotton fields. Environmental Entomology, 34: 1257-1266.

Huang, F., Higgins, R. A., and Buschman, L. L. 1999. Transgenic Bt plants: successes,
challenges and strategies. ACPC conference. Pestology Special Issue, 2-29.

Ishtiag, M., and Saleem, M. A. 2011. Generating susceptible strain and resistance status
of field populations of Spodoptera exigua (Lepidoptera: Noctuidae) against some
conventional and new chemistry insecticides in Pakistan. Journal of Economic
Entomology, 104: 1343-1348.


http://link.springer.com/article/10.1007/s10340-010-0315-4#author-details-1
http://link.springer.com/article/10.1007/s10340-010-0315-4#author-details-2
http://link.springer.com/article/10.1007/s10340-010-0315-4#author-details-3
http://link.springer.com/journal/10340

vy WAV ol oF ojles FY e o((65,5L5S7 oale dloa) i 58lE

Isman, M. B. 2006. Botanical Insecticides, Deterrents, and Repellents In Modern Agriculture
and an Increasingly Regulated World. Annual Review of Entomology, 51: 45-66.

James, C. 2007. Global status of commercialized biotech/GM Crops: 2007. ISAAA Briefs
No. 37, International Service for the Acquisition of Agri-biotech Applications, Ithaca, NY.

James, C. 2011. Global Status of Commercialized Biotech/GM Crops: 2011. ISAAA
BriefNo. 44. ISAAA: Ithaca, New York, USA.

Joanne, C. D. 1994. Ecology and Resistance Management for Bacillus thuringiensis
transgenic plants. Biocontrol Science and Technology, 4: 563-571.

Kotkar, H. M., Sarate, P. J., Tamhane, V. A., Gupta, V. S., and Giri, A. P. 2009.
Responses of midgut amylases of Helicoverpa armigerato feeding on various host
plants. Journal of Insect Physiology, 55: 663-670.

Liu, Z., Gong, P., Li, D., and Wei, W. 2010. Pupal diapause of Helicoverpa armigera
(Hubner) (Lepidoptera: Noctuidae) mediated by larval host plants: Pupal weight is
important. Journal of Insect Physiology, 56: 1663-1670.

McCaffery, A.R. 1998. Resistance to insecticides in heliothine Lepidoptera: a global
view. Philosophical transactions of the Royal Society of London. Series B, Biological
Sciences, 353: 1735-1750.

Meeusen, R. L., Warren, and G. 1989. Insect control with genetically engineered crops.
Annual Review of Entomology, 34: 373-382.

Men, X., Ge, F., Edwards, C. A., and Yardim, E. N. 2005. The influence of pesticide
applications on Helicoverpa armigera Hubner and sucking pests in transgenic Bt cotton
and non-transgenic cotton in Chin. Crop Protection, 24: 319-324.

Nouri-Ganbalani, G., Borzoui, E., Abdolmaleki, A., Abedi, Z., and Kamita, S. G. 2016.
Individual and Combined Effects of Bacillus Thuringiensis and Azadirachtin on Plodia
Interpunctella Hibner (Lepidoptera: Pyralidae). Journal of Insect Science, 16(1): 1-8.

Olsen, K. M., and Daly, J. C. 2000. Plant-Toxin Interactions in Transgenic Bt Cotton
and their Effect on Mortality of Helicoverpa armigera (Lepidoptera: Noctuidae).
Journal of Economic Entomology, 93: 1293-1299.

Patankar, A. G., Giri, A. P., Harsulkar, A. M., Sainani, M. N., Deshpande, V.V.,
Ranjekar, P. K., and Gupta, V. S. 2001. Complexity in specificities and expression of
Helicoverpa armigera gut proteinases explains polyphaguos nature of the insect pest.
Insect Biochemistry and molecular Biology, 31: 453-464.

Saadati, F., and Bandani, A. R. 2011. Effects of serine protease inhibitors on growth and
development and digestive serine proteinases of sunn pest, Eurygaster inegriceps.
Journal of Insect Science, 11, 1-12.


http://www.annualreviews.org/loi/ento
http://www.journals.elsevier.com/journal-of-insect-physiology/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nouri-Ganbalani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27638953
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borzoui%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27638953
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdolmaleki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27638953
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abedi%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27638953
https://www.ncbi.nlm.nih.gov/pubmed/?term=George%20Kamita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27638953
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5026475/
http://jee.oxfordjournals.org/

e NSN3 5 s Sl Sl (S g s S 5 6o 55le Sl ¢ padkes

SAS Institute. 2003. SAS/STAT. Guide for Personal Computers. Ver. 6.12. Cary (NC):
SAS Institute.

Shorey, H. H., and Hale, R. L. 1965. Mass-rearing of the larvae of nine noctuid species
on a simple artificial medium. Journal of Economic Entomology, 58: 522-524.

Simpson, L. L., Zepeda, and H., Ohishi, L. 1988. Partial characterization of the
enzymatic activity associated with the binary toxin (type C2) produced by Clostridium
botulinum. Infection and Immunity, 56: 24-27.

Tay, W. T., Soria, M. F., Walsh T., Thomazoni, D., Silvie, P., Gajanan, T. B., and
Sharon, D. 2013. A brave new world for an old world pest: Helicoverpa armigera
(Lepidoptera: Noctuidae) in Brazil. PLoS ONE, 8: 1-7.

Tohidfar, M., Ghareyazie, B., Nosavi, M., Yazdani, Sh., and Golabchian, R. 2008.
Agrobacterium-e mediated transformated of cotton (Gossypium hirsutum) using a
synthetic Cry 1Ab gene for enhanced resistance against Heliothis armigera. Iranian
Journal of Biotechnology, 6(3): 164-173.

Ullah, 1., Asif, M., Arslan, M., and Ashfag, M. 2014. Temporal expression of CrylAb/c
protein in Bt-cotton varieties, their efficacy against Helicoverpa armigera (Lepidoptera:
Noctuidae) and population dynamics of sucking arthropods on them. International
Journal of Agriculture and Biology, 16: 879-885.

Vanhaelen, N., Haubruge, E., and Francis, F. 2001. Effects of Brassicaceae secondary
metabolites on the Glutathione S-transferase activity from Episyrphus balteatus De
Geer (Diptera: Syrphidae). Pesticide Biochemistry and Physiology, 71: 170-177.

Wu, K. M., and Guo, Y. Y. 2005. The evolution of cotton pest management practices in
China. Annual Review of Entomology, 50: 31-52.

Xie, B., Hu, Y., Liang, Z., Liu, B., Zheng, X., and Xie, L. 2016. Association between
pesticide exposure and risk of kidney cancer: a meta-analysis. Onco Targets Therapy, 93893—
3900.

Yoshinori, T., and Harryk, K. 1993. Insect Pathology. Harcourt Broce Jovanvich
publishers, New Yourk. Boston. Londan. Sydney, Tokyo, Toronto. 666 pp.

\Al


http://www.entsoc.org/Pubs/Periodicals/JEE
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xie%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27418833
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27418833
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27418833
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27418833
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27418833
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xie%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27418833
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4934868/

Plant Protection (Scientific Journal of Agriculture), 41(3), Fall, 2018

Effect of transgenic Bt on some biological and physiological
parameters of Helicoverpa armigera (Hivbner) (Lepidoptera: Noctuidae)

S. Azimi*, Sh. Rahmani?’, A. Ashouri® and A. Bandani*

1. Assistant Professor, Department of Plant Protection, College of Agriculture, University of Azarbaijan
Shahid madani, Tabriz, Iran

2. "Corresponding author: Assistant Professor, Department of Entomology, Science and Research
Branch, Islamic Azad University, Tehran, Iran (shrahmani@srbiau.ac.ir)

3. Professor, Department of Plant Protection, College of Agriculture, Tehran University, Karaj, Iran

4. Professor, Department of Plant Protection, College of Agriculture, Tehran University, Karaj, Iran

Received: 23 October 2017 Accepted: 19 September 2018

Abstract
Background and objective
Cotton bollworm, Helicoverpa armigera (Hobner) (Lepidoptera: Noctuidae) is a
cosmopolitan and polyphagous pest that attacks many plant species including cotton. One
of the most important principles of the Integrated Pest Management programs (IPM) is
use of non-chemical agents such as natural enemies (parasitoids and predators), and
resistant host plant to control pests. Transgenic Bt cotton is one of the substitution ways
of chemical pesticide used for control of this insect pest. Production of transgenic crops
was a novelty in the method of applying host-plant resistance. Crops that are genetically
engineered to express Bacillus thuringiensis toxin are planted in many areas.
Material and Methods
In the present study, effect of transgenic Bt cotton, Coker cultivar, including crylAb was
studied on biology and digestive protease activity of the bollworm. For bioassays, gut
dissection and demographic studies, H. armigera were obtained from the Division of
Entomology, Department of Plant Protection, College of Agriculture and Natural Resources,
University of Tehran, Karaj, Alborz, Iran. The insects were held in the growth room on the
condition of 25 + 1°C, 60-70 % relative humidity with a 16-h day length. Proteolysis using
general substrate (Azocasein 2%) was assayed after some modification. In this manner, 10 pl
enzyme extract and 50 pl Azocasein 2% (substrate solution) were mixed into 40 pl of the 20 mM
Tris-HCI buffer pH 8.0 and incubated during 60 min. Protease activity was measured using
specific substrate with some modifications. Trypsin- and chymotrypsin-like activities were
assayed using 1mM BApNA (Benzoyl-l-arginine-p-nitroanilide) and 1 mM SAAPFpNA
(Succinyl-I-Ala-I-Ala-l-Pro-Phe-p-nitroanilide), respectively.
Result
The results illustrated that the second larval instar mortality in the transgenic cotton was
68 percent and in control cotton was 6 percent. Furthermore, larvae in different instars, in
transgenic Bt, had significantly lower weight and longer life time in comparison with
control. Several biological characters of both treatments including survivorship,
development and weight were significantly changed. On the other hand, total protease,
trypsin and chymotrypsin activity in digestive lumen, after the second, fifth and sixth larval
instar in transgenic cotton showed significant reduction, respectively.
Discussion
Coker cotton crop with crylAb, will have significantly negative effects in insect biology
and digestive physiology during the pest life time and can be noticeable in management
of important pests such as boll worm. Bt cotton can therefore be useful in an integrated
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pest management program, because it resulted in a reduction in the number of insecticide
applications per season.

Keywords: Cotton bollworm, transgenic cotton, Bacillus thuringiensis, Enzyme assay.
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