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Abstract 
 

The effect of three different release rates (1x [label rate], 10x, and 20x the recommended 
rate of 10,120/acre) of the parasitoid Eretmocerus eremicus on sweet potato whitefly 
populations found in open fields of cantaloupe was evaluated against populations in 
untreated control plots.  Parasitoids were released from a point source in the center of 
each of nine treatment plots.  Whitefly population growth, encompassing all 
developmental stages, and rates of parasitism were monitored within a 33 ft radius 
surrounding the center point in all 12 plots over a 52-d period.  The rates of sweet potato 
whitefly population increase during this time were equivalent regardless of the parasitoid 
release rate.  Whitefly densities were not limited in any of our treatment plots when 
compared to those found in the control plots.  Moreover, mean rates of parasitism did not 
increase with time nor did they differ among the three treatments or control plots (7.9 ± 
6.5%).  Finally, estimated rates of parasitism were density dependent responding 
positively to increasing host numbers.  The ineffectiveness of this parasitoid in 
controlling whitefly populations in the field may be due to its high propensity to disperse 
at low host densities or to influxes of immigrating whiteflies.  Hence, the use of E. 
eremicus alone is not an efficient means to reduce whitefly populations in melon crops in 
the southwestern United States.   
 

Introduction 
 
In large part because of a higher birth rate and an expanded host range that provides additional refuges 
during stressful times, the ‘B’ biotype1 of the sweet potato whitefly presents even greater problems than did 
its predecessor, biotype ‘A’.  As we all know, crop damage associated with this whitefly can be the result 
of direct feeding damage, honeydew (excreta) contamination, and transmission of viral pathogens. 

 
While the use of new pesticide technology, e.g., insect growth regulators and nicotinyl insecticides in 
vegetables and cotton has helped reduce sweet potato whitefly damage in Arizona, concerns over the 
development of insecticide resistance remain.  There is particular concern regarding the potential 
introduction of the ‘Q’ Strain, which has already demonstrated pesticide resistance in Spain.  For this 
reason the consideration of alternative or supplementary strategies to control sweet potato whitefly is 
extremely important.  Among those strategies that need to be examined is the use of augmentative 
biological control. 
 
Parasitoids of the genus Eretmocerus2 are considered by some as highly promising biological control 
agents of sweet potato whiteflies.  Principal reasons why Eretmocerus spp. are considered favorable 
                                                 
1 The ‘B’ biotype, or strain, was likely introduced into Arizona in the late 1980’s, having originated in 
Sudan.  A large number of biotypes are found around the World with different traits, e.g., higher resistance 
to certain pesticides. 
2 Unfortunately, there is no common name. 
____________________________________________ 
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candidates is that; they are native to the Southwest, there are favorable reports of their success in the 
literature in California agriculture and they have been proven to be successful in greenhouse situations  

 
All previous studies provide useful information; however, experiments examining the effectiveness of this 
parasitoid under open field conditions that approximate commercial agriculture growing conditions have 
not yet been reported.  Also, using rates of parasitism as the sole criterion to evaluate the effectiveness of E. 
eremicus may not accurately measure its efficacy.  Rates of parasitism alone, for example, do not 
adequately describe the extent of host population suppression or growth rate to be expected in the field, nor 
do they reveal possible delays in crop damage reaching economically significant levels. 

 
The main focus of our study was to evaluate the potential for mass releases of E. eremicus to control sweet 
potato whitefly populations in large, open cantaloupe plots.  To accomplish this, we combined analysis of 
the impact of E. eremicus on whitefly population density and growth with the traditional monitoring of 
rates of parasitism to develop a comprehensive measure of parasitoid efficacy. 
 

Materials and Methods  

 

Upon delivery, parasitized whitefly nymphs were partitioned into nine 0.50 Gal. plastic emergence 
containers.  Three of the containers held 100,000 parasitized nymphs, three held 50,000, and the remaining 
three held 5,000 each.  These were equivalent to 20x, 10x, and 1x, respectively, the recommended release 
rates.  Field studies were conducted at the University of Arizona’s Marana Agricultural Center near 
Tucson, Arizona. Twelve widely separated 0.5 acre plots were planted with cantaloupe, c.v. “Top Mark”, 
on 28 June 2001 (Fig. 1).  A block design was used in order to further reduce the potential of plot 
contamination from neighboring treatments resulting from wind-directed parasitoid dispersal (Fig. 1).  The 
center of each plot and a corresponding circle denoted by an outer annulus were marked.  The centers of the 
treatment plots were selected as the parasitoid release sites, while the 33 ft. radius designated the sampling 
area boundaries in all plots.  Three of the plots were designated as controls and did not receive any 
parasitoid releases.  Three plots received 1x; another three received 10x; and the remaining three plots 
received 20x number of wasps.   

 

Wasps were released 30 July, 13 August and 03 September 2001 from emergence containers in each of the 
nine treatment plots at 0600 hrs.  Adult whitefly population levels were assessed three times from 29 July 
through 12 August.  

 

Immature whitefly populations were assessed five times from 29 July through 05 September by randomly 
collecting 10 eighth true leaves.  Each leaf was placed into a Ziploc® bag, labeled and placed on ice for 
transport.  In the laboratory, a leaf disk was removed and the number of eggs, nymphs, and parasitized 
nymphs were recorded.  

 

Results and Discussion 
 
Estimated egg and immature whitefly field densities were calculated from our field counts (Table 1).  Of 
the 600 leaf disks collected 545 had sweet potato whitefly eggs and 186 had sweet potato whitefly nymphs 
present.  During the study, whitefly densities showed exponential growth rates in all treatment fields (Fig. 
2).  The rates of immature whitefly population density increase were the same in each treatment regardless 
of the number of parasitoids released.  This resulted in a mean daily increase in estimated density for all 
plots of 11.60 ± 1.35% for immature whiteflies.  Total adult densities demonstrated a similar trend in 
population density increase over the sampling dates among the treatments (Fig. 3).  

 
Of the collected leaf disks with sweet potato whitefly nymphs present, 11.5% showed some rate of 
parasitism by E. eremicus.  Rates of parasitism could not be accurately recorded after the 24th day of the 



 

study due to interference by powdery mildew attacking the leaf disks during incubation.  Estimated overall 
rates of parasitism by E. eremicus (grand mean of all treatments and all dates ± 95% C.I., 7.87 ± 6.49%) 
were lower than previously reported and did not increase within the 33 ft. sampling radius during this 
experiment (Fig. 4).  Mean rates of estimated parasitism calculated from leaf disk samples, moreover, did 
not vary between the four release treatments (Fig. 5).  Finally, estimated rates of parasitism exhibited a 
positive density dependent response to immature whitefly densities when unparasitized leaf disks were 
excluded (Fig. 6). 
 
Our results indicate that, in cantaloupes in the southwestern United States, E. eremicus failed to contribute 
to the management of sweet potato whitefly populations.  Of ultimate concern to growers and biological 
control practitioners, the overall population levels of immature stages of sweet potato whitefly increased at 
the same exponential rate in all our treatments.  This information is notable because it includes the stages 
(2nd through 4th instar) available for parasitism by E. eremicus.  It should be noted that the three control 
plots began with lower populations of immature and adult whiteflies (Fig. 2).  The reasons for this initial 
difference are not clear, but are common in open-field experiments.  Hence, absolute numerical population 
comparisons between treatments and controls provided little information.   

 
In a manner similar to immature populations, adult sweet potato whitefly populations increased rapidly in 
our studies.  This was likely the result of immigrating adults from nearby fields of cotton and squash, 
together with increasing numbers of locally emerging adults within study plots.  Regardless of the source of 
whiteflies, the important fact is that E. eremicus did not significantly suppress whitefly populations or their 
growth in treated fields under agricultural conditions typically encountered by growers in the southwestern 
United States.   
 
Previous reports of parasitism by Eretmocerus spp. in field cages likely provide an inflated view of the 
efficacy of the genus.  The primary difficulty with these studies is that they prevent whitefly immigration 
and confine parasitoids to relatively small search areas of concentrated host densities.  The sweet potato 
whitefly has been shown to be an excellent disperser both under laboratory and open field conditions, so 
the impacts of periodic immigration on existing field populations are to be expected.  This movement, 
common to open-field agricultural settings, is likely the reason released E. eremicus failed to control 
whitefly populations effectively in our study plots.  Similarly, the ability of E. eremicus to disperse has 
been well documented.  In field releases of E. eremicus, found that a small percentage of females are 
capable of dispersing downwind over 25 m in 5 h in a continuous landscape.  Furthermore, it has 
demonstrated that female E. eremicus disperse more readily under low host conditions in open field melon 
plots, suggesting this movement is density dependent.  It would seem important, therefore, to allow natural 
dispersal to occur to accurately evaluate the realized efficacy of a biological control agent. 

 
Based on this study, E. eremicus alone appears to be ineffective in controlling sweet potato whitefly 
populations in open melon fields when released from a point source, irrespective of release density.  The 
ineffectiveness likely arises not from the inability of E. eremicus to parasitize sweet potato whitefly 
effectively, but rather its inability to contend with immigrating whitefly populations in open fields.  The 
failure of a highly touted parasitoid species to suppress sweet potato whitefly populations demonstrates 
why further research in open field biological control of sweet potato whitefly remains necessary.  

 
This study was not intended to be disparaging of biological control efforts in general, and should, therefore, 
not be taken as such.  Rather, this study is a reminder of the need to develop more effective ways to select 
and evaluate potential biological control agents, with particular attention to the empirically measured 
bionomics of both the pest and natural enemy.   
 



  

 

 
 
 
Table 1. Mean actual leaf and estimated field density values (/cm2) for Bemisia tabaci eggs and nymphs.  Estimated field 
densities calculated from population proportions found on leaf positions of Sweet potato whitefly feeding on cantaloupe 
reported by Gould and Naranjo (1999).  0x, 1x, 10x and 20x, are treatments based on the release rate of 10,125 wasps/acre 
recommended by commercial suppliers of E. eremicus. 
 

Mean measured egg 
density 

Estimated field egg 
density 

Mean measured nymph 
density 

Estimated field nymph 
density 

Day 
Leaf 

sample 0x 1x 10x 20x 0x 1x 10x 20x 0x 1x 10x 20x 0x 1x 10x 20x 
1 5th 0.81 1.27 2.89 0.92 0.29 0.45 1.02 0.33 0.03 0.58 0.21 0.03 0.02 0.34 0.13 0.02 
10 8th 0.97 5.25 3.98 5.22 0.34 1.86 1.41 1.85 0.00 0.01 0.05 0.07 0.00 0.01 0.03 0.04 
15 8th 1.18 7.50 5.75 4.81 0.78 4.81 3.69 3.08 0.20 1.64 2.10 1.49 0.07 0.53 0.67 0.48 

24 8th 6.85 
12.2

9 9.66 
11.0

1 4.39 7.88 6.19 7.06 0.54 0.78 1.03 0.21 0.18 0.25 0.33 0.07 

38 8th 
44.3

5 
91.5

2 
67.0

8 
80.4

8 
28.4

3 
58.0

2 
43.1

7 
51.2

7 1.39 0.25 1.15 4.10 0.45 0.11 0.41 1.34 
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Fig. 1.  Field design at the University of Arizona Marana Agricultural Center, Marana, Arizona.  
Striped= cantaloupe plots; stippled A = cotton fields; stippled B = organic cotton fields; stippled 
C = guayule fields; bold dark lines represent paved roads; and light gray lines represent dirt roads. 
 
 
 
 
 



  

 

Fig. 2.  Immature sweet potato whitefly density growth throughout the duration of the study.  
Whitefly population regression lines for the control plots (open squares, solid line), 1x 
recommended release rate plots (filled squares, dotted line), 10x recommended release rate plots 
(open circles, dashed line), and 20x recommended release rate plots (filled circles, dashed and 
dotted line). 
 
 
 
 
 
 
 
 
 
 
 
 

-1

-0.5

0

0.5

1

1.5

2
Lo

g 
es

tim
at

ed
 im

m
at

ur
e 

de
ns

ity
 (n

ym
ph

s/c
m

2 ) 

0 5 10 15 20 25 30 35 40
Time (d) 



  

 

Fig. 3.  Regression of estimated adult sweet potato whitefly density per treatment over time.  
Whitefly density regression lines for the control plots (open squares, solid line), 1x recommended 
release rate plots (filled squares, dotted line), 10x recommended release rate plots (open circles, 
dashed line), and 20x recommended release rate plots (filled circles, dashed and dotted line). 
 
 
 
 
 
 
 
 
 
 
 
 

-2.5

-2

-1.5

-1

-0.5

0

Lo
g 

es
tim

at
ed

 a
du

lt 
de

ns
ity

 (a
du

lts
/c

m
2 ) 

0 5 10 15
Time (d) 



  

 

0

10

20

30

40

50

60

70

80

90

100
E

st
im

at
ed

 r
at

e 
of

 p
ar

as
iti

sm
 (

%
)

0 5 10 15 20 25
Time (d)

Fig. 4.  Mean estimated rates of sweet potato whitefly parasitism by E. eremicus on cantaloupe 
over time.  Control plots (open squares, solid line), 1x recommended release rate plots (filled 
squares, dotted line), 10x recommended release rate plots (open circles, dashed line), and 20x 
recommended release rate plots (filled circles, dashed and dotted line).  Note that the 10x line is 
situated behind the 0x solid line.  
 
 
 
 
 
 
 
 
 
 



  

 

Fig. 5.  Mean estimated rates of parasitism for E. eremicus attacking sweet potato whiteflies at 
four application rates, where x = recommended release rate of 25,000 parasitoids/ha.  Bars 
represent means ± SE. 
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