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® India

® China

= USA
Pakistan
Brazil
Others

>75.0% Global production
comes from 5 countries
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... Most responstve to change

Resistant Insects..

The impending storm



THE IMPENDING STORM
INSECTS & INSECTICIDES

USA: Insecticides against thrips and bugs
Budworms and bollworms may strike Bt-cotton soon

BRAZIL: Boll weevils are back..Insecticides are at a peak

CHINA & PAKISTAN: Had only Cry1Ac. Helicoverpa armigera will
strike soon..Insecticides are on the rise.

PAKISTAN & INDIA Whiteflies & Leaf curl disease. Insecticides
are on a high

INDIA: Pink Bollworm is on a rampage. Pyrethroids & OPs are
back. Helicoverpa armigera will be back after a break.

All worms are most responsive to changes



vBoII weevil in Brazil

entoweb.okstate.edu

UGA1327126




CHEMICAL APPLICATIONS

PRODUCTS

2000172016
260/2016

O I2/2015 AURGRA (CARFENTRAZONA ETILICA) 0.040
OWA272015 GAMIT STAR (CLOMAZONA) 1,129
V1272015 PREMERLIN (TRIFLURALINA). | 2000
01272015 HERBURON (DIUROM) [ 2000 1
ZIT20T6 | LIBERTY (GLUFOSINATO SAL DE ANGRIO) 7000
2102016 5!»1WT
22R0272016 | UBERTY (GLUFOSINATO SAL OE AMGNIO) 2000
1200172016 PRIORI TOP (AZOXISTROBINA)+ (D3 L NOCONAZOL) 0,300
26012016 OPLRA ULTRA (PYRACLOS TROBINAJ(METG ) 0
260172016 SCORE (DIF ENOGCONAZOL) 0,300

[ Zozoe PRIGHT TOP (AZOXISTROBINA} (OW ENOCONAZOL) 15305

[~ zinzmoe | “GRE (OIFENOCH ) [ o000 |

[ wowmoie | (OWEN oLy [ s |
VOWZ016 MERTIN (HIDROXIDO DE FENTINA) | 0500 ]
ZAV2016 — SCORE DFENOCONAZOLI | o406
02/0472016 SCOIL (OIF ENOCONAZOL) 0,300
02/0AZ016 WERTIN (HIDROXIDO DL FENTINA) = [
GROA72016 ~SUPPORT (TIOFANATO METILICO) 0,800
TWOAZD16 SCONE (OIF ENOGONAZOL)

MERTIN (HIDROXIDO NTINA)

PLXHC 250 GA. (W A

TIX NG 250 G (MEPIQUATE)

ﬂ
il

010272016 PIX HC 290 G (MEPIQUATE) | 5,100
I emzoe PIX MC 250 GIL (MEPIQUATE) | oos0 |
TIOV2016 PIX HC 290 GA(MEPIQUATE) | o0 |
VTRONZ016 PIX HC 250 G (MEPIQUATEY | oo |
I PIX [ ) [ o610 |
270472016 PIX HC 250 GIL (MEPIQUATE) .
OBATZ016 PIX HC 290 GA (MEmauATe) | oa% |
TRNOAI016 PIX MC 200 GAL (MEPIQUATE) | 0,800
| Toowzo1e PIX HC 220 GA (MEPIGUATE) | X
i3 PIX HC 250 GIL (MEPIGUATE) 0.2
PRODUCTS
2912/2015 400 GAL(CARBOSULFANO) 0, Aphis gossypel
020172016 [ MARSHAL 400 GAL(CARBOSULFANO) (X Aphis gossypa
[ 0zo12016 | TURDING 500 GAL (FLONICAMIDA) 020 APhES oSty
[ 2012016 | MARGHAL 400 GA(CARBOSULFANO) 0,500 Aphis gossypu
[~ 2012016 | MOSPILAN 200 GIL (ACE TAMIPRIDO) 6,200 Bomisia BOSC
Z00 17201 [ MALATHION 1000 £C ANTHONOMmes Qrandis

Brazil
74 Chemical
interventions

7 Herbicides

13 Fungicides +

12 Growth Regulators +
42 Insecticides
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A. grandis mortality (%)

Plant Biotechnology Journal (2017), pp. 1-13 doi: 10.1111/pbi.12694

Transgenic cotton expressing Cry10Aa toxin confers high
resistance to the cotton boll weevil

Thuanne Pires Ribeiro'-?, Fabricio Barbosa Monteiro Arraes®>, Isabela Tristan Lourenco-Tessutti?,
Marilia Santos Silva®, Maria Eugeénia Lisei-de-Sa**, Wagner Alexandre Lucena®>, Leonardo Lima Pepino Macedo?,

Janaina Nascimento Lima?, Regina Maria Santos Amorim?, Sinara Artico®, Marcio Alves-Ferreira®,
2,7, %

Maria Cristina Mattar Silva? and Maria Fatima Grossi-de-Sa
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Pink Bollworm Resistance to
BOLLGARD-II (2016)

Gujarat: Anand, Ahmedabad, SurendraNagar
Bharuch, Vadodara, Amreli

Telangana:warangal, Adilabad, Khammam
Andhra Pradesh: Guntur, Kurnool
Madhya Pradesh: Khandwa
Maharashtra: Nandurbar, Nanded
Karnataka: Raichur

Chinna Babu et al., unpublished (CICR, Nagpur, India)




Resistance Ratio (RR)
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Gujarat: Pink bollworm

Resistance to Bollgard-II

B Surat

®m VVadodara

= Rajkot

®m Junagadh

® Anand

m Bharuch

= Surendranagar

= Amreli
Bhavnagar I

CrylAc | Cry2Ab |CrylAc | Cry2Ab | CrylAc Cry2Ab |CrylAc | Cry2Ab CrylAc | Cry2Ab

2010-11 2011-12 2012-13 2013-14 2014-15

Chinna Babu et al., unpublished (CICR, Nagpur)




Pink Bollworm Infestation 2015-16

Chinna Babu et al., unpublished (CICR, Nagpur, India)

INDIA

Pink Bollworm Infestation
NBt Cotton (2015-16)

INDIA

Pink Bollworm Infestation
Bollgard-ll (2015-16)
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PINK BOLLWORM RESISTANCE TO BOLLGARD-II
Resistance to CrylAc Resistance to Cry2Ab

ammu & Kashmi

ammu & Kashmi|

Rajasthan Rajasthan

Madhya Pradesh

Indore

AmravatiNagpur :
Akola Wardha

Yavatmal

AmravatiNagpur 3

Jalgaol Akola Wardha

Jalna
Maharashtra

% Survival
Andman & obar Islar

| Survival (10ppm), <
) Lakshadweép Islands

I survival (10 ppm)
0

% Survival "ﬁ
Andman & Nggobar Islan

References References

— International Boundariee‘; y — International Boundariesg
[ state Boundary 4 N ] State Boundary 4
District Boundary | j District Boundary

Chinna Babu et al., ICAR-CICR data unpublished



Segregation of
Bt in BG-II bolls

® CrylAc+Cry2Ab
Q CrylAc
Q Cry2Ab
Q Non-Bt

All other countries
have Bt varieties
100%0 seeds have
both Cry toxins Iin
bolls



MANAGEMENT

Early sowing
Short duration- early maturing crop
Early stage Pheromone mass trapping
Mating confusion

Bt-cotton + insecticides



Insecticide use (Kg/ha) on Cotton

% Bt Cotton Insecticide
Kg/ha
100 - rd Bottgard-H 96 1.4
45-0-H§-alu Dongara=n 32___9‘2/94/‘
90 A

/x 8 82 - 1.2

80
70 / 1.R 67 - 1.0

\ /' 10

60
0[9 - 0.8

50
20 ==% Bt Airea . 06

-#-Kg/ha %insecticide

30 - 0.4

20
- 0.2

10
O | | | 0-0

2000 2002 2004 2006 2008 2010 2012 2014

Kranthi, compiled data



Pyrethroids are back
Organophosphates are back



Insecticides & Resurgence

Pyrethroids: Cause Helicoverpa and whitelfly resurgence
Pyrethroid+OP: Hormoligosis and outbreaks

Organophosphates: Switching off towards vegetation,
resurgence of some sucking pests

Methomyl & Thiodicarb: Cause leaf reddening




Cotton Bollworm in
China, USA, Pakistan & India




Pakistan & China have only CrylAc Bt-cotton

-

Helicoverpa will strike soon anytime now



Helicoverpa armigera Resistance to CrylAc

Resistance Highest Resistance

Year Sites Highest IC;, Ratio LC;, Ratio
1999 10 0.034 2 0.67 7
2002 45 0.043 2 0.54 5
2003 20 0.023 1 0.38 4
2004 21 0.104 5 0.74 7
2005 39 0.166 9 0.72 7
2006 27 0.195 10 0.79 8
2007 49 0.201 11 1.15 12
2008 26 0.58 31 3.12 31
2009 31 0.59 31 3.14 31
2010 27 0.24 13 3.26 33
2011 17 0.36 19 5.10 51
2012 35 0.61 32 6.54 66
2013 28 0.92 46 /.98 80

Kranthi et al (unpublished)

Resistance in Helicoverpa armigera populations can be a major concern



Bt-A dapt -II

K. R. KRANTHI

g CICR

- Central Institute for Cotton Research
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With only CrylAc it would have taken 12 years for resistance
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Bollgard + Bollgard-II as in India it would take 18 years
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f Bollgard-II would have been introduced in 2002 in India, instead of the Bollgard in 2002
ind Bollgard-II in 2006; it would have taken H armigera >55 years to develop resistance.




Pyramiding genes
for resistance management

CrylAc+ ~ CrylAc+.
* L * CrylF +
CrylAc + Cry2Ab+ :
“Cry2Ab . Mip3faah o VIP3A

CrylAc/CrylAb  Cry2Ab/Cry2Ae  Vip3A -~ = =OV2E 0




How long will Vip3A last?
Is the 4-gene Bt-cotton ready?



Whitefly & leaf curl
in India & Pakistan




Whitefly Outbreaks in India

1905 Bihar
1929 Punjab
1987 AP, Maharashtra, Gu;arat‘ .
1996 Punjab ,.
2015 Punjab T




1.
“Damage was most severe in 2015
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Insecticide Resistance Ratios in WHITEFLY 2015

Rajasthan Haryana Punjab
Acetamiprid 83 331 21
Imidacloprid 231 512 116
Dinotefuran 5 137 L4
Clothianidin 3 7 2
Thiamethoxam 2 0 0
Triazophos 532 2237 934
Acephate 95 131 60
Ethion 3 12 2
Chlorpyriphos 2 14 5
Monocrotophos 2 2 1
Buprofezin 706 78 51
Spiromesifen 293 50 9
Diafenthiuron 347 65 40
Pyriproxifen 2 23 3
Azadirachtin 10 12 4
Fipronil 204 340 192
Bifenthrin 498 1400 605
Flonicamid 4 6 4

Rishi et al (ICAR-CICR unpublished)




Four Steps in tandem

Timely sowing
Tolerant varieties
Urea management
IRM based IPM

2 WN -

2nd




. Neem oil / Castor oil etc., ; Antifeedants

. Pyriproxyfen: Juvenile hormone mimic

. Buprofezin: Chitin biosynthesis inhibitor

. Diafenthiuron: Oxidative phosphorylation inhibitor
. Spiromesifen: Lipid synthesis inhibitor

The Five IRM
Recommended
Insecticides

BVhLhWNE

s . 3 ] . Insecticides inhibiting
Insecticides interfering with metamorphosis cuticle synthesis (Type 1)

Metamorphosis is controlled by hormones including juvenile hormone and New cuticle is synthesised during the
disruption of this system is insecticidal moult cycle and insecticides which
Group 7 Juvenile hormone mimics interfere with this process disrupt the molt
Pyriproxyfen (7C) acts as a mimic of JH and when applied to juvenile cycle leading to death of the insect
stages disrupts and prevents metamorphosis Group 16 Inhibitors of chitin
biosynthesis (Homoptera): Buprofezin

oo - e This compound inhibits chitin synthesis in
Insecticides |nh|b|t|ng a number of insects including whiteflies

metabolic processes

A number of metabolic processes are the Insecticides acting as

target of whitefly insecticides: feeding blockers
Group 12A Inhibitors of oxidative »| Group 9 Compounds of
phosphorylation, disruptors of ATP b unknown action: Pymetrozine
formation: Diafenthiuron Pymetrozine (9B) has a non-

Diafenthiuron is a mitochondrial respiration : specific mode of action which
inhibitor for whitefly control in some countries ’ ’ appears to involve a selective

inhibition of whitefly feeding. Insects

Group 23 Inhibitors of lipid synthesis:
P sk - ' . - > die as a result of starvation

Spiromesifen - 2 F o - _
i Deston Mol ol O . | Insecticide classes for whitefly control
derivative Spiromesifen inhibits lipid IRAC lists 26 mode of action groups (42 including sub-groups);

nthesis, | in in h. ;
synthesis, leading to insect deat 10 of these are commonly used for whitefly control
Mode of Action Chemical sub-group or

Source: http://www.irac-online.org



Cotton Leaf curl virus in P
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CLCuD Outbreaks

1912, 1924 Nigeria
1926 Tanzania
1950 Sudan

1973, 1988, 1993, 2002
Pakistan S-12 SIM 70 149-F
1989 IARI

1993 Sriganganagar

1996 Punjab

2012-15 Punjab

Kranthi, compilation



CLCuD Strains

1. Burewala
2. Alabad

3. Kokhran
4. Multan

5. Rajasthan
6. Papaya leaf curl virus (PaLCuV)




Whitefly resistant varieties

LK 861, Amravathi, Kanchana, Supriya, LPS 141

Leaf Curl Disease resistant varieties

Resistant Varieties
RST9, RS875, RS810, RS2013, F1861,LH2076,
H117, H1126, LRA 5166

Resistant hybrids
LHH144, CSH198, CSHH238 and CSHH243



SCIENTIFIC REP{i;}RTS

CRISPR/Cas9-Mediated Immunity
to Geminiviruses: Differential
Interference and Evasion

Zahir Ali, Shakila Ali, Manal Tashkandi, Syed Shan-e-Ali Zaidi & Magdy M. Mahfouz

Received: 18 March 2016
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Resistance to leaf curl virus CRISPR-CAS9

Transgenic

Control

gRNA target

Promoter

Virus inoculation

Virus infection
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2016

Trends in Plant Science

Spotlight
Engineering Plants
for Geminivirus
Resistance with
CRISPR/Cas9
System

Syed Shan-e-Ali Zaidi,"
Shahid Mansoor,? Zahir Ali,"

Manal Tashkandi,' and
Magdy M. Mahfouz'*



Resistance to leaf curl virus
Using RNAI, gene expression & CRISPR-CAS9

2017

Trends in Plant Science

Spotlight

Engineering Dual
Begomovirus-
Bemisia tabaci
[Pyramidingchewing -,J [Tmalz -,] [Phloem specific -,] [Resistance -,J [Combinedeﬁect -,] [lmponamviruses -,J ReSiStance in P|ants

and sucking pest’s toxins * mechanism * promoter breaking whitefly * of toxins and RNAi * ACMV, TYLCV etc. *
. s
Syed Shan-e-Ali Zaidi,

Rob W. Briddon,' and
Shahid Mansoor'*
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Australia

Spectacular results
Consistent growth in yield
Precision input management
Insecticide applications minimum at 2-3 per season
Great example of SCIENCE BASED MANAGEMENT

:

Total Insecticide Use g a.i./ha

Insecticide Use in Conventional (g a.i./ha)

g

Insecticde Use in Bollgard (g a.i/ha)

Insecticide Use in Ingard (g a.i./ha)

Insecticide use (g a.i / ha)
g

93/94
94/95
95/96
96/97
97/98
98/99
99/00
01/02
02/03
03/04
04/05
05/06
06/07
07/08
08/09
09/10
10
112
12/13

Source: CRDC. Australian Grown Cotton, Sustainability Report 2014,



Friends in the cotton Ecosystem
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Tobacco hornworm Manduca sexta (L) parasitized by Cotesis congregata.
Photograph Justin Bredlau, Virginia Commonwealth University.



Way Forward

. Conservation Agriculture
. Biological -Soil nutrient and health enhancement
. Cropping systems: Cereals-Legumes/pulses-Fodder

2 W N =

. Use Biotech to the best potential



Management

1. Available GM traits Iin native varieties
2. Short duration varieties

3. Early sowing

4. Judicious fertilizers

5. Conserve Natural control

6. Legume based cropping systems

7. IPM STRATEGIES



Insects ruled the earth for 330 Million years
Man evolved only 1.5 Million years ago

We inherited this planet from insects



Be Calm, But Prevent The Storm..

o B .
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S i e Ph_otograph by K. R.Kranthi .




