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A Reputation Established – Bemisia 
tabaci in the Sudan Gezira

CROP PROTECTION (1983) 2(3), 273-287

                     Cotton-insect control in the Sudan Gezira:
                                    analysis of a crisis

                   K. G. Eveleens*

Food and Agriculture Organization of the United Nations, 00100 Rome, Italy

    ABSTRACT.  In the Sudan Gezira, cotton growing is in a state of crisis.
    Important among the underlying factors are escalating costs of crop spray-
    ing in conjunction with increasing infestations of the cotton whitefly, 
   Bemisia  tabaci Genn.  It is argued that the whitefly has risen to the status
    of a major pest as a result of certain features of current control strategies,

CROP PROTECTION (1985) 4(2), 161-176

                     Sudanese cotton and the whitefly: a case
              study of the emergence of a new primary
                                           pest

             V. DITTRICH*, S. O. HASSAN**, and G. H. ERNST*

       *Ciba-Geigy Ltd., CH 4002 Basel, Switzerland and **Ciba-Geigy Services Ltd.,
                                                        Wad Medani, Sudan

        Abstract.   In the late 1970s the whitefly Bemisia tabaci (Gennadius) became
  the primary cotton pest in the Sudan, superseding the American bollworm
  Heliothis armigera (Hubner).  DDT and a DDT/dimethoate combination 
  wereused to control the bollworm and, simultaneously, jassids and whiteflies.

13.  RESISTANCE AND HORMOLIGOSIS AS DRIVING FORCES BEHIND PEST
       OUTBREAKS

       V. Dittrich
       Agrochemicals Division, Ciba-Geigy Ltd, Basel, Switzerland

       INTRODUCTION
       Primary pests appear in each season in most important crops and require human

interference to avoid intolerable damage to the crop Secondary pests may also make their



Global Resistance in B. tabaci Across 
Insecticide Classes

Location
OPs Carbamates Pyrethroids Cyclodienes IGRs Neonicotinoids

USA XXX XXX X XX

Sudan XXX X X

Turkey XXX X

Cyprus X X

Israel XX XX XX XXX XX

Pakistan XX XXX X

Guatemala XXX X XX

Nicaragua XXX XXX XXX

Belize XX XX

Spain XX XXX



Early Outbreaks of B. tabaci – India ca. 1920s
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“In case of severe infestation of the cotton leaves not even a 
millimetre of leaf space is free from some stage of the pest”
R.B.C.S Misra & K.S. Lamba, 1929.  Bull. No. 196, Agricultural Research Institute, Pusa, India

After Hussain & Trehan, 1933



The Role of Agricultural 
Intensification in 

Outbreaks of B. tabaci

1905-08
1908-11

1911-13
1913-14

1914-15
1915-16

1916-17
1917-18

Years

0

50

100

150

200

250

300
Th

ou
sa

nd
s

A
re

a 
(a

cr
es

)

The total crop reached 1,000,000
acres by 1925… (Roberts, 1930)

Increase in cotton acreage in India

Sudan Gezira: Increased cotton area, 
Increased number of insecticide applications
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Competing Models of Pest Outbreaks

Increased 
Pesticide 

Use

Pest 
Outbreaks

Increased Use of 
Pesticides Pest Increases
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More Suitable Crops
More Favorable Agronomic 
Practices, etc.
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Practices, etc.



Examples of Neonicotinoid Resistance in B. tabaci

• Almeria, Spain
• Israel
• Guatemala
• Arizona



Protected Agriculture in Southern Spain and 
North Africa



Resource Expansion in Almeria



Bioassay Results on 
Biotype Q held in UC 
Riverside Quarantine
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Biotype Q from Almeria
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Bioassay Results on Biotype B from 
Guatemala



Comparison of Biotype B Whiteflies from 
Guatemala and Arizona to Two Neonicotinoids
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Resistance and Cross-
Resistance Patterns in Israel
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Decline in B. tabaci numbers 
in the Imperial Valley as 
determined by CC trapsDeflector

plate
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Cauliflower in 
Imperial Valley – Late 

September 2005



Systemic Uptake 
Bioassay Procedure



Systemic Uptake 
Bioassay Procedure



Uptake Volumes Measured for Each Systemic 
Uptake Bioassay
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Bioassay Results on B. tabaci adults collected in 
Imperial Valley, 1 July 2004
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Bioassay Results on B. tabaci adults collected in 
Yuma, AZ  1 July 2004

LC50s =    0.7                      1.5                           13.1                         2.2                

13.1 / 0.7 = 18.7



Bioassay Results for Imidacloprid on B. tabaci 
Collected in Imperial Valley



Bioassay Results for Imidacloprid on B. tabaci 
Collected at Maricopa Agricultural Center, AZ



Performance of a Mac Field Strain Following Establishment 
as a Greenhouse Colony Without Selection
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Summary of LC50 Ratios for B. tabaci Adults 
Collected in Imperial Valley and Maricopa
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In Situ vs. Laboratory Bioassays





Comparison of Imidacloprid Titers in Crown Leaves
in the at-Plant Treatments

0

100

200

300

400

500

600

700

M
ea

n(
C

on
ce

nt
ra

tio
n 

(n
g/

m
l))

16
 o

z

8 
oz

8 
+ 

8 
oz

0

16
 o

z

8 
oz

8 
+ 

8 
oz

0

16
 o

z

8 
oz

8 
+ 

8 
oz

0

16
 o

z

8 
oz

8 
+ 

8 
oz

0

16
 o

z

8 
oz

8 
+ 

8 
oz

0

04/22/2004 05/06/2004 05/19/2004 06/02/2004 06/17/2004

Trt within Sample Date



Concentration of Imidacloprid in 
Cotton Leaves Used in Uptake 

Bioassays



Bioassay Comparison of Adult Whiteflies Collected 
on Cotton at Mac vs. on Melons in Phoenix
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In Situ Bioassay Results for Mac vs. Phoenix Whiteflies
(48 h exposure)
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• Cotton plants grown in clean 
greenhouse completely free 
of Wfs

• First node leaf on each plant 
infested with 20 adults held in 
clip cage

• Adults removed after 1 day to 
produce a synchronous 
cohort of eggs

• Leaves randomly selected at 
intervals for bioassays
– 1 day old eggs
– 3 day old eggs
– Settled firsts
– 2nds
– 3rds
– 4th

• 24 h uptake followed by a 2 
day exposure period before 
reading results; 8 day 
exposure for eggs

Impact of Imidacloprid on Immatures



Proportion of Hatched Eggs According to 
Concentration of Imidacloprid in Uptake Solution
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Probit Results for B. tabaci Eggs
1 day eggs  LC50 = 4.1

3 day eggs  LC50 = 2.7



Summary

• Responses of B. tabaci populations to various 
neonicotinoids are not always uniform, i.e. 
inconsistent expression of cross-resistance

• Results of systemic uptake bioassays are based 
on solution concentrations and likely exaggerate 
susceptibilities relative to field concentrations

• Resistance assessments based on adult B. 
tabaci only underestimate the full capacity of 
neonicotinoid treatments to control infestations
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