
FACTORS AFFECTING THE EFFICIENCY OF
NABIS ALTERNATUS AS A PREDATOR OF THE

TOBACCO BUDWORM, HELIOTHIS VIRESCENS (F.).

Item Type text; Dissertation-Reproduction (electronic)

Authors AL-AZAWI, BEDIR MOHAMMED.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:15:51

Link to Item http://hdl.handle.net/10150/187688

http://hdl.handle.net/10150/187688


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand comer of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again-beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
MicrOfilms 

International 
300 N. Zeeb Road 
Ann Arbor, MI48106 





8415061 

AI-Azawi, Bedir Mohammed 

FACTORS AFFECTING THE EFFICIENCY OF NABIS AL TERNATUS AS A 
PREDATOR OF THE TOBACCO BUDWORM, HELIOTHIS VIRESCENS (F.) 

The University of Arizona PH.D. 1984 

University 
Microfilms 

International 300N. Zeeb Roael, Ann Arbor, M148106 

Copyright 1984 

by 

AI-Azawi, 8edir Mohammed 

All Rights Reserved 





FACTORS AFFECTING THE EFFICIENCY OF NABIS ALTERNATUS 

AS A PREDATOR OF THE TOBACCO BUDWORM, 

HELIOTHIS VIRESCENS (F.) 

by 

Bedir Mohammed Al-Azawi 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF ENTOMOLOGY 

In Partial Fulfillment of the Requirements 
for the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 984 

Copyright 1984 Bedir Mohammed Al-Azawi 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

Bedir Al-Aza'Wi the dissertation prepared by ___________________________________________ ___ 

enti tIed __ F_a_c_t_o_r_s_A_f_f_e_c_t_i_n~g=-t_h_e_E_f_f_i_c_i_e_n_c...:y~o_f-=N=a=b=i=.s::..:a=l:t~e=r=n=a=t~u~s=-a:...s:....a:.... __ _ 

Predator of the Tobacco Budworm, Heliothis virescens (F.) 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy 

-------------------------------------------

Date 

/Yj ~ 3" /q~ i 
Date 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Dissertation Director 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial ful
fillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the 
Library. 

Brief quotations from this dissertation are allow
able without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this manu
script in whole or in part may be granted by the copyright 
holder. 



ACKNOWLEDGMENTS 

I wish to express my deep appreciation to my friend 

and major professor, Dr. Theo F. Watson, for his many hours 

of advice and encouragement given throughout the course of 

this project. 

I am sincerely grateful to Dr. Leon Moore and Dr. 

Roger Huber (Department of Entomology) and to Dr. Lee Stith 

and Dr. Robert Briggs (Department of Plant Sciences) for 

serving on my graduate committee and for the review of my 

dissertation. I also wish to thank the rest of the 

Department of Entomology, faculty, staff and assistants, 

for their kind direction and assistance throughout my course 

of study at The University of Arizona. 

Finally, I wish to extend a special thanks to 

Barbara for her continued encouragement and support. 

iii 



1. 

LIST OF TABLES. 

ABSTRACT. . . 

INTRODUCTION .•. 

TABLE OF CONTENTS 

. . . . . . . 

. . . . . . . . . . . . . . . . . . 

Page 

vi 

ix 

1 

2. LITERATURE REVIEW . . . . . . ~ . 

3. 

Predation of Heliothis spp. . . . . . .. 3 
Predator/Prey Ratio . . . . . . . . . . . . . .. 4 
Effect of Insecticides on the Predator. . 5 

Systemic Insecticides . . . . • . . • 5 
Contact Insecticides. . . . . . . . . . . .. 6 
Microbial Insecticides. . . . . . . . . . 9 

Nabis spp. Distribution, Life Cycle, and 
Predation . . . • . . .. .... 10 

Heliothis virescens Importance. . • . . . . . . . 13 
Effect of Insecticides on Tobacco Budworm . . . . 15 

Chemical Insecticides . ... 15 
Microbial Insecticides. . . . . . • . . . . . 16 

MATERIALS AND METHODS . . 
Source of Insects and Identification .. 
Rearing of NA .. .. .. . . . . . . . . . . . 
Rearing of Tobacco Budworm. . . . . . . 
Predation Tests . . . . . . . . .. .. . 
Greenhouse Studies. . . . . . . . ....... . 

Predation and Development Tests .. . 
Predator/Prey Ratio . • . . . . . . • . . 

Constant Predator Level with Different 
Levels of Prey. . . . . ; . . . 

Constant Prey with Different Levels of 
Freda tor. . . . . . . . . . . ., . . . 

Field Studies . . . . . . . . . . . . . . . . . . 
Compatibility of Predator with fenvalerate .. 
Compatibility of Predator with BT .. 
Compatibility of Predator with Virus. 

Longevity of the Predator with Different 
Chemicals in the Laboratory . . . . • . . 

The Starvation Test . . . . . . . . . . . 
Statistical Analysis of Data. . . . . 

iv 

19 

19 
19 
20 
22 
23 
23 
24 

24 

25 
26 
26 
27 
27 

28 
28 
29 



4. 

TABLE OF CONTENTS--Continued 

RESULTS AND DISCUSSION ..••..•. . . . 
Consumption of TBW Larvae and Eggs .• 
Destruction of Eggs in the Laboratory and 

. . . . . 

Greenhouse. . . . . . . . . . .. ..... . 
Survival Test . . . • . . • . . . . • .. ••.. 
Rate of Development . . . • . . . . • . . . • . . • . 
Predator/Prey Ratio . . . • . . . . . . . . • 

Constant Prey with Different Levels 
of Predator . . . . . . . . . . 

Constant Predator with Different 
Levels of Prey .......... . 

Longevity of N. alternatus Adults Exposed 
to Insecticides . • . . . . . . . . . • • . . . . 

Compatibility of the Predator N. alter-
natus with Different Insecticides.. . .. . 
Compatibility with fenvalerate ......... . 
Compatibility of N. alternatus with 

BT. . . . . . . . . . . . . . . . . . 
Compatibility of N. alternatus with 

Virus . . . . . . . . . . . . . . 
Starvation Test . . . . . 

5. CONCLUSIONS . . . 

LITERATURE CITED. . . . . 

v 

Page 

30 

30 

38 
39 
47 
53 

53 

55 

61 

62 
62 

64 

65 
66 

68 

71 



Table 

1 • 

2. 

3. 

LIST OF TABLES 

Average number of first-instar tobacco budworms 
consumed by each instar and adult of N. alter
natus at temperatures of 20, 25, 30, and 350 C. 

Average number of second-instar tobacco bud
worms consumed by each instar and adult of N. 
alternatus at temperatures of 20, 25, 30, and 
J SoC • • . • . • . • • • . . . • . . . . . . . 

Average number of third-instar tobacco budworms 
consumed by each instar and adult of N. alter
natus at temperatures of 20, 25, 30, and 35°C. 

4. Average number of tobacco budworm eggs con
sumed by each instar and adult of N. alternatus 

Page 

· . 31 

· . 32 

· . 34 

at temperatures of 20, 25, 30, and 35°C ...... 35 

5. Average number of first-, second-, and third
instars and eggs of tobacco budworm consumed by 
N. alternatus instars and the adult under green-
house conditions. . . . . . . . . . . . .. . 37 

6. Percent of tobacco budworm egg predation and 
type of feeding damage by each N. alternatus 
instar and adult at temperatures of 20, 25, 30, 
and 35°0 . . . . . . . . . . . . . . . . . . . . . 40 

7. Percent of tobacco budworm egg predation and 
type of feeding damage by each instar and adults 
of N. alternatus under greenhouse conditions .•. 41 

8. Effect of temperature on survival of each instar 
and adult of N. alternatus feeding on first-
instar tobacco budworm . . . . . .• . . . • . . . 42 

9. Effect of temperature on survival of each ins tar 
and adult of N. alternatus feeding on second-
instar tobacco budworm . . . . . . . . . . . . . . 43 

10. Effect of temperature on survival of each instar 
and adult of N. alternatus feeding on third-
instar tobacco budworm . . . . . . . . . . • . . . 44 

vi 



LIST OF TABLES--Continued 

Table 

11. Effect of temperature on survival of each ins tar 
and adult of N. alternatus feeding on tobacco 

vii 

Page 

budworm eggs. . • . • . . . . . • . . . . • • .. 45 

12. Percent survival of each N. al ternatus ins.tar 
when feeding on first-, second-, and third-
ins tars and eggs of tobacco budworm under green
house conditions (12.7 - 320 C and RH 10 - 70%).. 46 

13. Average number of days required by N. alternatus 
to complete each instar and adult survival when 
feeding on first-instar tobacco budworm at tem
peratures of 20, 25, 30, and 350 C . . . ... . .. 48 

14. Average number of days required by N. alternatus 
to complete each instar and adult survival when 
feeding on second-instar tobacco budworm at tem
peratures of 20, 25, 30, and 35°C . . . . . . .. 49 

15. Average number of days required by N. alternatus 
to complete each instar and adult survival when 
feeding on third-instar tobacco budworm at tem
peratures of 20, 25, 30, and 35°C •...... , 50 

16. Average number of days required by N. alternatus 
to complete each instar, and adult survival when 
feeding on eggs of tobaccoobudworm at tempera-
tur e s 0 f 2 0, 25, 3 ° and J 5 C. . . • • . . . . .. 51 

17. Average number of days required by N. alternatus 
to complete each ins tar , and adult survival when 
feeding on first-, second-, and third-instars 
and eggs of tobacco budworm under greenhouse 
conditions (temperature 12.7 - 32.20 C and RH 10 -
70%). . . . . . . . . . . . . . . . . . . . . .. 52 

18. Average number of first-instar larvae consumed in 
24 and 48 hours at different predator/prey ratios 
of N. alternatus and tobacco budworm gnder green
house conditions (temperature 22 - 33 C and RH 
10 - 100%). . . . . . . . . . . . . . . . . . .. 54 

19. Mean consumption of first-instar tobacco budworm 
by e/ach N. alternatus ins tar and adult with pred
ator prey ratios of 0:1, 1:1, 1:3 and 1:4 per 
four cotton plants in the greenhouse. . . . . .. 56 



viii 

LIST OF TABLES--Continued 

Table Page 

20. Mean consumption of second-instar tobacco bud
worm by each N. alternatus instar and adult with 
predator/prey ratio of 0:1, 1:1, 1:2, 1:3, and 
1:4 per four cotton plants in the greenhouse. .. 58 

21. Mean consumption of third-instar tobacco budworm 
by each N. alternatus instar and adult with 
predator7prey ratios of 0:1, 1:1, 1:2, 1:3, and 
1:4 per four cotton plants in the greenhouse. .. 59 

22. Mean consumption of tobacco budworm eggs by each 
N. alternatus instar and adult with predator/ 
prey ratios of 0:1, 1:1, 1:2, 1:3, and 1:4 per 
four cotton plants in the greenhouse. . . . . .. 60 

23. Effect of various chemical treatments on cotton 
alone or in combination with N. alternatus on 
first-instar tobacco budworm after 24 and 48 
hours . . . . . . . . . . . . . . • • • 0 • • 

24. Effect of temperature and food on longevity of 
adult N. alternatus at controlled temperatures 
of 20, 25, 30, and 35°C, and under greenhouse 
conditions (temperature of 20 - 330 C and RH 32 -
85%). . . . . . . . . . . . . . . . . . . . . .. 67 



ABSTRACT 

The ability of Nabis alternatus Parshley to reduce 

tobacco budworm, Heliothis virescens (F.), populations was 

studied in the laboratory, greenhouse and field. Tests 

were conducted at different temperatures and with different 

larval instars of tobacco budworm to determine their effects 

on predatory efficiency. Both immature and adult N. alter

natus consumed more first-instars than of either second- or 

third-instars, or of the egg stage. 

Temperature significantly affected the predatory 

capability of N. alternatus. All instars and the adult ex

hibited a higher rate of consumption at 300 C than at tempera

tures of 20, 25 and 35°C; adults consumed more tobacco bud

worm larvae and eggs at all temperatures than did any of the 

nymphal instars. 

There were no differences in survival of the differ

ernt N. alternatus stages at the different temperatures but 

the average number of days required to complete each instar 

was affected. 

Each increase in the predator-to-prey ratio resulted 

in a reduced survival of the tobacco budworm population. 

Release rates of 2500, 3750 and 5000 adults per acre re

sulted in mortalities of 55, 77, and 87%, respectively. 

ix 
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Both adult and third-instarN. alternatus exhibited 

the higher searching and consumptive capacities at different 

ratios of first-, second-, and third-instar tobacco budworm 

infestations. All N. alternatus fed more at the 1:4 (pred

ator/prey) ratio than at ratios of 1:1, 1:2, or 1:3. 

Longevity of adult N. alternatus varied when pro

vided with food substances of sugar solution, green bean, 

no food or cotton plants at the different .temperatures. 

Survival was greatest when provided with sugar solution over 

any of the other substrates, and when held at cooler tem

peratures. 

Compatibility of N. alternatus w~th other controls 

was studied under both ~aboratory and field conditions. 

Average longevity in combination with treatments of 

Elcar R, Bacillus thuringiensis, or fenvalerate was 6.7, 5.9, 

and 1.3 days, respectively. Compatibility with the biolog-

ical insecticides was very good and the combinations reduced 

first-instar tobacco budworm infestations more than did 

either alone. 



CHAPTER 1 

INTRODUCTION 

Heliothis spp. attack cotton, as well as many other 

crops, and are major pests in most cotton-producing areas 

of the world. Their depredations have become increasingly 

severe in areas where they have developed measurable levels 

of resistance to the organophosphate and chlorinated hydro

carbon insecticides. 

The tobacco budworm, Heliothis virescens (F.) (=TBW) 

is a relatively new pest of cotton in Arizona but has been 

established here for many years. The first documented out

break was in 1972 (Watson 1974). Infestations in cotton 

becime prevalent throughout Maricopa, Pinal and Yuma coun

ties from 1973 to 1976 (Tollefson 1979). The application of 

insecticides from mid-July to early August has resulted in 

increased lnid-to-Iate-season populations of this pest. 

Studies have shown that TBW has developed resistance to 

methyl parathion (Davis, Wolfenbarger, and Harding 1977) and 

a slightly increased toler~nce to the synthetic pyrethroids 

(Crowder, Tollefson, and Watson 1979). 

The need for alternative methods of insect control 

thus becomes more important as these chemicals become less 
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effective. Pest management is a concept designed to improve 

pest control, reduce environmental disturbance, and increase 

the efficiency of production. The most important factor is 

to increase natural control agents such as predators, para~ 

si tes and pathogens. Damsel bugs (Nabis spp.) are con'sidered 

generalized predators, attacking a great number of insect 

species (Harris 1928). The most abundant species of this 

group found in Arizona are N. alternatus Parshley (=NA) and 

N. americoferus Carayon. An evaluation of the potential of 

NA to reduce TBW larval populations is needed in order to 

assess the importance of this predator. Additionally, infor

mation is needed on the combined effects of this predator 

with other controlling agents. 

This study was concerned with the ability of NA to 

prey upon the various stages of TBW and the significance of 

using it in conjunction with other controls to enhance 

management of TBW in the field. The primary objectives 

were: 1) to determine the specific influence of several 

temperature regimes on developmental rate of NA and on pre

dation of TBW, 2) to determine the stages of TBW suitable as 

prey and their effect on developmental rate for each instar 

of NA, and J) the utility of combining NA with different 

insecticides (microbial and chemical) to reduced popula

tions of TBW. 



CHAPTER 2 

LITERATURE REVIEW 

Predation of Heliothis spp. 

Predators play an important role in regulating popu

lations of the bollworm, Heliothis ~ (Boddie) (=BW) and 

the tobacco budworm, H. virescens (F.) (TBW) in cotton fields. 

All stages of these pests may be destroyed by predators. Bell 

and Whitcomb (1960) observed dragon flies feeding on the BW 

moth. Bell (1963) reported that predator populations de

stroyed between 26 to 71% of the eggs of the BW per 1/50 acre 

in 24 hours; he also found that predators with piercing 

mouthparts destroyed more eggs than those with chewing 

mouthparts. Predation in the lower portion of the plants 

was found to be greater than in the terminals. 

The family Erythracidae has been observed feeding 

upon the eggs of the cotton BW in Arkansas (Smiley 1964) . 

Lincoln et ala (1967) found that all stages of Heliothis spp. 

were attacked by a complex of beneficial insects and spiders. 

They showed that Geocoris spp. and Orius tristicolor (White) 

were very effective on eggs and first-instar larvae. 

Ridgway and Jones (1968b) provided considerable information 

3 



on the impact that predators may have on populations of the 

BW and TBW. 

4 

Lopez, Ridgway, and Pinnell (1976) compared ,four pred

ators with three developmental stages of BW and TBW. Two of 

these predators were also evaluated for control of the TBW in 

cotton field cages. Johnson et ale (1976) linked the use of 

insecticides with increases in Heliothis spp. and decimation 

of predator populations. Eheler and Miller (1978) reported 

that natural enemies are fully capable of effecting pest sup

pression in California cotton. McDaniel, Sterling, and Dean 

(1981) found that predators of eggs and small larvae of 

Heliothis spp. were important and played a key role in the 

regulation of TBW populations in Texas cotton fields. 

Predator/Prey Ratio 

Several common arthropod predators consumed rela

tively different numbers of TBW and BW in their various 

stages (Lingren, Ridgway, and Jones 1968). van den Bosch 

and Hagen (1966) observed that the naturally-occurring pred

ators, N. americoferus, Chrysopa carnea Stephens, and Geo

coris pallens Stal, consumed 50 and 75% of the BW larvae in 

field cages. Ridgway and Jones (1968b) released larvae and 

eggs of a green lacewing in field cages to determine its 

effect on the BW and TBW. The predator reduced larval popu

lations by 73.8 to 99.5%. The differences in percentage were 

caused by the differences in numbers of lacewings released 
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and the population of the prey. Lingren et all (1968) found 

that two predators, Chrysopa spp. and Geocoris spp. reduced 

the peak population of TBW eggs and larvae by 76 and 96%, 

respectively, during 8 days in field cages and 88 and 

99%, respectively, during 13 days. van den Bosch et all 

(1969) demonstrated again that the predator complex occur

ring in California cottonfield cages destroyed from 2/3 to 

more than 9/10 of the BW. Ridgway and Jones (1969) 

found in their field study that releases of 10,000, 50,000, 

and 200,000 eggs of Chrysopa/acre resulted in reductions of 

TBW larvae of 52, 85, and 95%, respectively. Bryson and 

Schuster (1975) found the lady beetle to be an effective 

predator of low BW egg populations when introduced into 

cages for 48 hours. 

Effect of Insecticides on the Predator 

Systemic Insecticides 

Systemic pesticides play an important role in the 

regulation of pest and predator populations. Ahmed et all 

(1954) observed the effect of Systox R on predaceous insects 

of cotton pests. They found five species of coccinellid 

larvae which were affected by demeton but that some of the 

syrphid, coccine and Chrysopa species showed immunity to, 

demeton. Ridgway et all (1967) reported that the hemip-

terous predators Orius, Geocoris and Nabis were particularly 



affected by aldicarb treatment. Rummel and Reeves (1971) 

indicated that the predaceous insects, Geocoris spp., Nabis 

sp., Hippodomia spp. and Chrysopa spp., were more abundant 

in untreated irrigated cotton than in aldicarb-treated 

cotton infested with TBW and BW. 

6 

Bariola, Ridgway, and Coppedge (19.71) observed that the 

population of Heliothis on cotton increased after application 

qf systemic insecticides, although the arthropod.predator 

populations had increased to levels that seemed comparable to 

those of the untreated cotton. Rummel and Reeves (1971) 

reported difficulty in relating increases of BW populations 

in cotton entirely to reduction of insect predator and 

spider populations following in-furrow and side-dress appli

cations of aldicarb. Kinzer et al. (1977) found that in 

cotton fields treated with aldicarb and monocrotophos the 

reduction in predator populations apparently was not great 

enough to cause all of the increases in Heliothis spp. 

Contact Insecticides 

Insecticides have either selective or differential 

toxicity to numerous entomophagous arthropods. The use of 

organic compounds interferes with the natural balance exist

ing between plant pests and their natural enemies. Newsom 

and Smith (1949) reported that some of the commonly-used 

cotton insecticides were detrimental to populations of pred

ators of the cotton aphid, bollworm, and spider mites. They 
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:found that all insecticides reduced populations o:f these 

predators. The organic insecti.cides chlordane and toxaphene 

were more detrimental to the predators than was calcium 

arsenate-nicotine. 

van den Bosch, Reynolds, and Dietrick (1954) evalu

ated the e:f:fect o:f a number o:f insecticides on the most 

important insect,predators commonly :found in cotton. They 

:found parathion and toxaphene-DDT combination highly toxic 

while demeton exhibited low toxicity. Harries and Valcarce 

(1955), tested many insecticides on two beetles, Collops 

vittatus (Say) and Coleomegilla maculata (Deg). Data o:f 

this test showed that parathion and chlorthion were signi:f

icantly more toxic to these predators than were other 

materials except Malathion. Horace (1959) tested :five in

secticides against two bene:ficial insects and :found 

toxaphene-DDT to be the least toxic. 

Bartlett (1964) tested 60 commercial pesticide :for

mUlations in the laboratory :for toxicity to eggs, larvae 

and adults o:f the green lacewing. Most o:f the materials had 

little e:f:fect on the eggs. Larvae and adults were killed by 

the residues o:f most o:f the organophosphates and chlorinated 

hydrocarbons tested. 

Lingren and Ridgway (1967) exposed six genera o:f 

predators to a glass sur:face treated with :five insecticides. 

All insecticides were extremely toxic to the hemipterous 

predators Geocoris, Nabis, and Orius. Greene, Whitcomb, and 
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Baker (1973) showed a retention of Nabis and Geocoris popu

lations when the lowest practical rate of organic insecti

cides was used. Also, populations of predators were quite 

variable in small plots with Bacillus thuringiensis (BT). 

Wilkinson, Biever, and Ignoffo (1975) used eight pesticides 

at the minimum recommended field doses. The mean percentage 

of mortality was greater than 27% for all predators and 

parasitoids treated with methyl parathion, malathion, toxa

phene, and carbaryl. Mortality due to pyrethrin (plant 

derivative) was less than 31% and only five of the eight 

species tested were killed by this insecticide. The mortal

ity rate of the other three microbial insecticides was less 

than 4%. 
Lingren and Wolfenbarger (1976) tested the compati

bility of the predator Orius insidiosus and chlordimeform 

for TBW control in cotton fields. The sprays decreased the 

viability of TBW eggs and influenced fecundity of the adults 

but did not directly affect the predators. Morrison, 

Bradley, and Vanduyn (1979) reported that populations of O. 

insidiosus and Nabis spp. were significantly reduced by 

aldicarb treatment in soybean fields. Parenica, Scott, and 

Smith (1980) found that the use of insecticides in cotton 

fields reduced the beneficial population and was conducive 

to subsequently development of damaging populations of 

Heliothis spp. Roach and Hopkins (1981) studied the impact 

of different insecticides on predator populations in field 



plots. They found that the reduction in total number of 

predators was not significantly different among treatments 

but was significantly different from the check plots. 

9 

Plapp and Bull (1978) found that pyrethroids may be 

the safest available insecticides for both the parasite 

Campoletis sonorensis (Carlson) and the predator Chrysopa 

carnea Stephens. Waddill (1978) tested four synthetic pyre

throids and reported that fenvalerate was generally least 

toxic and permethrin most toxic to five parasitoid species. 

Rajakulendran and Plapp (1982) tested five pyrethroids on 

larvae of the predator Chrysopa carnea Stephens and the 

parasite Campoletis sonorensis (Carlson). They found" that 

tralomethrin was more toxic to the parasite than to the pred

ator. Rajakulendran and Plapp (1982) tested toxicity of 

five pyrethroids alone and in combination with chlordimeform 

on TBW and the predator Chrysopa carnea Stephens. They con

cluded that all pyrethroid combinations were highly selec

tive against the TBW and with lower toxicity to the predator. 

Microbial Insecticides 

Parasites and predators can be valuable in the 

natural regulation of pest populations. In order to use 

these natural enemies effectively insecticides must be used 

selectively (Elsey 1972). Elsey (1973) tested a number of 

insecticides for toxicity to Jalysus spinosus and found 

carbaryl and BT to be nontoxic to these predators. Dunbar 
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and Johnson (1975) found that Dipel R on tobacco leaves had 

no effect on survival and longevity of TBW and the stilt 

bug Jalysus spino sus (Say) but affected the longevity of 

Cardiochiles nigriceps Viereck, a TBW parasitoid. 

Nabis spp. 
Distribution, Life Cycle, and Predation 

Nabis spp. are common predators in desert valleys of 

southern Arizona, especially in alfalfa fields where all 

stages are present throughout the area. Harris (1928) ob

served that N. alternatus Parshley (=NA) had been found from 

California, Mexico and Texas to North Dakota and British 

Columbia in the north. He found that the most abundant 

species in Arizona were NA and N. americoferus Carayon. 

Werner and Butler (1957) found that NA was well represented 

throughout Arizona except in Yuma County. They reported that 

high temperatures reduced Nabis spp. populations. Wene, 

Carruth, and Telford (1965) reported that NA was the more 

common species in eastern Arizona. Taylor (1949) found the 

egg-laying period for field-collected NA adults to be 20 

days, ending with the death of the female. The caged 

females laid 90 to 200 eggs, averaging 127 per female. The 

incubation period averaged 9 days at temperatures ranging 

from 19.4 to 31.1 oC. Taylor observed NA nymphs to have an 

average duration of 3.0, 2.5, 3.0, 4.4, and 8.3 days in the 

1st through 5th instars, respectively, at 26°c. van den Bosch 



and Hagen (1966) found the egg caps of NA as circular and 

different from oval lygus eggs. 
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Stoner, Metcalfe, and Weeks (1975) studied the sea

sonal distribution, reproductive diapause, and parasitiza

tion of three Nabis spp. in southern Arizona. They found 

that NA, N. americoferus and N. capsiformi Germar usually 

existed in diapause from October through December in the 

Tucson and Mesa areas. The ratio of the sexes of all three 

species was 1:1. NA was the predominant species in the 

Tucson area, while N. americoferus was the predominant 

species in the Mesa area. NA and N. americoferus probably 

have five generations per year. All three species have two 

main population peaks each year, one in May and one in 

November. 

Damsel bugs play an important role in regulating 

populations of many lepidopterous larvae in cotton fields. 

Telford (l957) found significant potential in Nabis spp. 

as predators of cotton insects in Arizona. Whitcomb and 

Bell (1964) stated that damsel bugs are efficient predators 

in Arkansas cotton fields. 

Knowlton (1943) reported that NA preyed upon aphids, 

leafhoppers, small Diptera, winged psyllids, mosquitoes, 

thrips, first- and second-instar grasshopper nymphs, chinch

bug adults, and alfalfa weevil larvae. He observed NA feed

ing on an adult false chinchbug. During the feeding period 

NA walked around dragging its prey by the end of its beak. 
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Knowlton (1944) confined a nabid in a 3-dram vial with a 

variety of insects swept from roadside host plants. He ob

served that the female damsel bug soon attacked and inserted 

its stylets between the abdominal sclerites on the side of 

an adult rose leafhopper. Taylor (1949) found that nymphs 

provided only with alfalfa starved to death in 5 days. 

Knowlton (1949) observed NA in alfalfa fields feeding on the 

alfalfa weevil and pea aphid. Nielson and Henderson (1959) 

studied the feeding habits of seven predators of the spotted 

alfalfa aphid, Therioaphis maculata. They found that Nabis 

spp. were not as effective as others because they sucked 

out all the body fluids of each aphid. Whitcomb and Bell 

(1964) observed that Nabis spp. fed on a broad range of in

sects. They reported that Nabids rivaled Orius spp. in the 

number of bollworm eggs consumed per day and per individual. 

van den Bosch and Hagen (1966) recorded aphids, leafhoppers, 

lygus and small caterpillars as prey of NA. Frank (1971) 

reported on the feeding habits of Nabis after a 24-hour 

starvation period. The adults subsequently accepted injured 

lygus adults, nymphs and leafhoppers, and rejected only non

injured lygus adults from the various foods offered. Nault, 

Edwards, and Styer (1973) found that the aphid, Acryrtho

siphon pisum, produced droplets at the tips of their corni

cles when attacked by several species of insect predators, 

such as Nabis spp. Alarm phermones volatilized from these 
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cornicle droplets repelling nearby aphids from their feeding 

sites. 

Taylor (1949) found that nymphs of NA could not feed 

on alfalfa fluid. Ridgway and Jones (1.968a) studied the 

plant feeding habits of Geocoris and Nabis. They found that 

the longevity of both predators was increased when they were 

provided with cotton cotyledons. These predators used the 

plants to obtain moisture. Stoner (1972) observed the plant 

feeding capability of the first instars of NA, N. americo

ferus and N. capsiformis, which indicated that some plant 

feeding increased longevity. 

Heliothis virescens 
Importance 

Tobacco Budworm can be a major pest of cotton in 

Arizona and has been of great economic importance in recent 

years. The first ocpurrence was recorded by Watson (1974) in 

1972. Populations of TBW increased rapidly from 1973-1978 

apparently because of heavy pesticide use in cotton fields. 

There are several studies of the population dynamics 

and host plants of TBW. The first host plants were indicat

ed by Barber (1937). She found beggar weed and deer grass 

to be the primary wild hosts of TBW. Payne and Polles (1973) 

recorded TBW on okra, cabbage, peanuts, collards, white 

clover, and tomatoes. Cole, Adkisson, and Fey (1973) listed 

14 plants as hosts of TBW. They considered cotton to be the 



most important host, followed by others such as alfalfa, 

cabbage, soybeans, bell peppers, and tomatoes. 
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Environmental factors are very important for the 

development and reproduction of TBW. Several studies have 

been conducted on the life history, biology and relationship 

between development and environmental factors. Brazzel et 

al. (1953) studied the life cycle of the TBW in the field in 

Arkansas. They indicated that the larval period required 14 

days while that of the pupae required 13.2 days. Fye and 

McAda (1972) reared TBW at four temperature regimes and 

found a decrease of the duration of each stage of the life 

cycle when the temperature was increased. Butler and 

Hamilton (1976) also indicated that the duration of the in

stars of TBW decreased when temperature increased. Potter 

and Watson (1980) showed a weak tendency of the budworm to 

diapause in the laboratory under a constant temperature of 

200 C and day lengths of 10, 11. 5, 12, 12.5, 13 and lll-h. 

They found that 12· to 12.5h light regimes increased the 

level of diapause and high temperatures reduced the level. 

Tollefson and Watson (1981) studied the effect of 

season on the biology and damage of TBW in cotton. They 

found that larvae required significantly longer developmen

tal times when feeding on squares as opposed to bolls. The 

duration of the pupal period was similar for all infesta

tion periods. Fecundity increased when temperature was 
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decreased from 35 to 25°C. Longevity of both males and 

females declined when temperatures were increased. Heilman, 

Namken, and Dilday (1981) found the short-season plant-type 

recovered faster from early-season terminal damage than did 

the long-season plant-type. 

Effect of Insecticides on Tobacco Budworm 

Chemical Insecticides 

The problems concerning TBW in Arizona have increased 

in severity during recent years. Whitten and Bull (1970) 

reported on the development of resistance to organophosphates 

by TBW. Brazzel (1963) and Adkisson (1968) reported that TBW 

and BW had greatly reduced the number of effective insecti

cides, namely DDT, endrin, and carbaryl. Harris et al. (1972) 

presented a summary of the insecticide resistance of TBW. 

Resistance to organophosphates, most notably methyl para

thion, has been reported in Arizona (Crowder et al. 1979). 

Laboratory strains of TBW were found to be more sus

ceptible to synthetic pyrethroid in Texas than were field 

collected larvae (Davis, Wolfenbarger, and Harding 1977). 

Lentz, Watson, and Carr (1974) used several insecticides on 

the TBW and obtained an LD50 of 19.70mg/g for methyl parathion. 

Harding et al. (1977) found a higher LD50 with fenvalerate 

in Texas than in TBW in Arizona cotton fields. Crowder et 

al. (1979) established new dosage mortalities for methyl 

parathion and synthetic pyrethroids against TBW in Arizona. 
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Plapp (1981) reported that insects collected from the field 

were more tolerant to permethrin in combination with chlor

dimeform than the colony of TBW that had been reared in the 

laboratory. Mullins and Pieters (1981) found no difference 

in dosage response to synthetic pyrethroids between BW and 

TBW larvae. Herzog and Ottens (1982) reported that TBW is 

more tolerant to synthetic pyrethroid than is BW. 

Microbial Insecticides 

Elcar (Virus). Many researchers have investigated 

the combined effects of naturally-occurring beneficial in

sects and microbial insecticides, including the Heliothis 

virus. McGarr (1968) found that no significant difference 

was apparent between the virus and the insecticide in control 

of TBW and BW in cotton fields in Texas. Ignoffo et al. 

(1965) compared the effectiveness of the virus alone and in 

combination with several insecticides for BW and TBW. They 

reported that the virus compared favorably with the chemi

cal materials. Allen, Gregory, and Brazzel (1966) showed 

the virus to be as effective against the Heliothis complex 

as was toxaphene-DDT in a small-plot test in cotton fields. 

Chapman and Bell (1967) used various dosages of the nuclear 

polyhedrosis virus in cotton and found them effective in 

reducing Heliothis spp. in the field. 
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Bacillus thuringiensis (Bacterium). Rabb, Steinhaus, 

and Guthrie (1957) found that BT was effective on the TBW. 

Guthrie et ale (1959) reported that BT was equal to endrin 

in preventing TBW damage. Creighton, Kinard, and Allen 

(1961) found that a BT suspension spray on TBW was less 

phytotoxic and equal to the chemical insecticides in protect

ing the plants from the caterpillars. Mistric and Smith 

(1973) found both lower and higher dosages to be equally 

effective in the crops. The effect of the delta-endotoxin 

of BT on TBW was evaluated by Johnson (1975). He used a 

different formulation and found that the toxicity decreased 

after 4 days. Johnson (1978) found no quality differences 

apparent between the different treatment levels of BT and 

other chemicals on TBW. 

Several studies were made with combinations of BT 

or virus and feeding stimulants and attractants in efforts 

to enhance control of TBW. Bell and Kanavel (1978) developed 

a feeding stimulant from a mixture of cottonseed flour, 

sucrose, crude cottonseed oil and Tween. This rraterial was 

developed commercially by Traders Oil Company (Ft. Worth, 

Texas) and sold under the trade name COAX R Watson et ale 

(1979)indicated that the addition of COAX R to BT resulted 

in greater mortality of TBW. Bell and Romine (1980) in-

creased the biological efficiency of the virus and BT for 

controlling TBW in cotton by using the feeding adjuvant. The 
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result was a reduction of square and boll damage and reduced 

larval numbers of 38 to 50%. 



CHAPTER) 

MATERIALS AND METHODS 

Source o~ Insects and Identi~ication 

The collection o~ N. alternatus was made by employ-

. ing the sweep-net technique in al~al~a ~ields near Tucson, 

Arizona. Other Nabis species were separated in accordance 

with general size, coloration, and pronott~, which has an 

anterior lobe, dark in ground color. 

The source o~ TBW was a stock culture which was de

veloped ~rom larvae collected ~rom cotton near Tucson, 

Arizona. Another culture was developed ~rom larvae obtained 

~rom the stock culture o~ the USDA Biological Control Labora

tory in Tucson, Arizona. This culture was used ~or rearing 

NA. 

Rearing o~ NA 

Adult ~emales and males were con~ined in two types 

o~ containers, a 4.4 liter, wide-mouthed glass jar and a 

plastic storage box ()4.6 X 27.0 X 8.7 cm). The glass jars 

were equipped with nylon-screen covers and with glass vials 

inside containing 5% sugar solution. The plastic storage 

boxes also were equipped with glass vials ~illed with 5% 
sugar solution; they were installed in 1.6cm holes made in 

the boxes. 
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Food was provided in the bottom of both containers. 

The oviposition site of these insects was a 7 to 8cm piece 

of green bean, Phaseolus vulgaris L. The bean sections were 

dipped in a 5% solution of captan and the ends of each bean 

were sealed with a layer of beeswax. The captan prevented 

mold growth and the beeswax prevented the beans from drying 

out for a period of about 2 weeks. 

First- and second-instars of TBW were used every day 

as a food source for the adult NA. After the adults laid 

their eggs, the beans were removed and replaced with fresh 

beans. Beans with eggs were transferred to new jars and 

boxes. The newly-emerged first-instar NA fed on TBW until 

they completed development to the adult stage. The new 

adults of both sexes were again transferred to new jars and 

boxes to initiate a new life cycle. The beans in all con

tainers were replaced every 2 weeks. The number of TBW 

consumed varied with the age of the predator. The older

aged NA required more larvae to feed on than did the younger 

ones. The identification of the various instars was made by 

describing their morphological differences. The cultures 

were incubated at a constant temperature of 300 e and 60%RH, 

with 15 hours of light per day. 

Rearing of Tobacco Budworm 

The first procedure used to rear TBW in the labora

tory was the procedure developed by Patana (1969), with 
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minor modifications described by Tollefson (1979). The 

first step of the procedure was to cage newly-emerged moths 

in 4.4 liter, wide-mouthed jars. The tops of the jars were 

equipped with vials filled with a 5% sugar solution. The 

bottoms of the jars were covered with pieces of fine mesh 

plastic screen to provide a barrier against moisture and 

excreta. Paper towel strips were suspended from the top of 

the jars to serve as oviposition and resting sites. The egg 

sheets were removed from the jars every day and sterilized 

with a 5% solution of clorox and sodium thiosulfate and 

then washed with water. The eggs were then transferred to 

572ml cardboard cups. The environment of the cups was main

tained at 26 to 28 0 C. 

Newly-hatched larvae were removed from the egg 

sheets and transferred to rearing cups, each receiving ap

proximately 100 larvae. The 572ml larval rearing cups were 

filled with a lima bean diet. Small rearing cups were used 

in order to minimize larval cannibalism. The cups were 

sealed by gluing clear plastic lids to their tops. All lar

val instars were maintained in these diet cups; some of 

them were used in experiments and others were left in the 

cups until pupation occurred. The pupae were collected from 

the diet cups and transferred to 237ml cups covered with 

screen lids, where they remained until adults emerged. All 

larvae were held in an air-conditioned room (26°c, 50%RH, 

with 15 hours of light per day). 
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Predation Tests 

The initial objective of this work was the feeding of 

several instars of TBW to individual 1st, 2nd, 3rd, 4th, and 

5th nymphal instars and adults of NA at different tempera

tures. Feeding and developmental data were recorded.for all 

six groups. Newly-emerged first-instar NA were transferred 

from rearing jars to 1/2 oz plastic cups containing 3 to 4cm 

sections of green bean, and capped with 35mm cardboard lids. 

Ten first-instar TBW larvae were placed in the cups per day. 

Most of the time the number of TBW provided was in excess 

of the predator's feeding capacity. All the remaining lar

vae were removed after 24 hours and a new supply was intro

duced. The number of first-instar TBW larvae introduced 

was increased with each successive NA instar. The beans 

were replaced every week. Observations were recorded every 

24 hours. Each treatment was replicated between 20 to 24 

times at each temperature. All feeding trials were con

ducted at temperatures of 20, 25, 30, and 35°C, with a 15 

hour photoperiod and a relative humidity between 55 to 60%. 

Second-instar TBW larvae served as the food source 

in the second feeding test using the same ranges of temper

ature previously mentioned. Other feeding trials, performed 

in a similar manner, utilized 3rd- and 4th-instar TBW and 

TBW eggs as the food source. Observations were recorded 

every 24 hours. A check treatment was used for each ins tar 

of TBW at each temperature. 



Greenhouse Studies 

Predation and Development Tests 

These studies included feeding of the five nymphal 

instars'and the adult NA with different instars of TBW in 

order to determine the number of larvae required for each 
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ins tar of NA to complete development and to compare develop

mental rates and percentage survival of the NA when feeding 

on different TBW instars. Newly-emerged first-instar NA 

were placed individually on seedling cotton plants in a 

special cage. Five to ten first-instar TBW larvae were 

transferred and caged with a seedling cotton plant. Each 

treatment was replicated 40 times. These cages were examined 

after 24 hours and compared with the control cages. Remain

ing larvae were removed and new larvae were introduced the 

next day. This study was continued using the same TBW 

instar as food until the adult NA stage was reached. Cages 

used in the test were 15 X 5cm screened cylinders. The 

bottoms of the cages were fitted with a piece of foam with 

a center hole for the plant stem to form a seal between the 

cage and the water-filled jar below which supported the 

cotton plant. The seedling was placed in the hole in the 

foam with its roots suspended in the water. The top of the 

cage was also fitted with a piece of foam. All tests were 

conducted in a greenhouse with a temperature range of 12.7 

to 32.2oC, a relative humidity of 10 to 70% and with 15 to 

16 hours of light. 
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Predator/Prey Ratio 

Constant Predator Level with Different Levels of Prey 

This test was conducted to determine the effect of 

each individual instar of the predator on different density 

levels of prey. Potted cotton was grown in the greenhouse 

until it reached the bloom or early-boll stage. Four cotton 

plants at this stage were placed into each cage, two rows 

of two plants each. 

The cages were constructed of wooden frames or card

board (71.5 X 57.5 X 70cm) and covered with a lucite screen 

mesh (J2 X J2cm). First-instar larvae were introduced into 

each cage at densities of 1, 2, J, or 4; no plant had more 

than one larva. One larva was used for the first cage, two 

for the second, three for the third, and four for the fourth. 

Four larvae were used for the control cage. Each treatment 

was replicated 10 times. All NA nymphs and adults were 

introduced at the rate of one per cage. The tests were 

repeated with 2nd, Jrd, 4th, and 5th instars and eggs of the 

TBW. 

The larvae and eggs of the TBW were transferred to 

plants by means of a #1 camel's hair brush. Larvae and eggs 

were randomly distributed over the terminals. Observations 

were made every 24 hours in order to count the number of 

surviving larvae. Control treatments were conducted in the 

same manner without the predators. All tests were conducted 

in the greenhouse at a temperature range of lJ to JJoC and a 
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relative humidity range of 25 to 92%, as recorded by a hygro

thermograph. Extended photoperiods were provided by fluores

cent lights in the seasons when days were short. 

Constant Prey with Different Levels of Predator 

This study was conducted in field cages located ad

jacent to The University of Arizona Entomology Laboratory at 

the Campbell Avenue Farm. This study was to show the effect 

of different ratios of NA with a constant infestation level 

of TBW. Potted cotton was grown in the greenhouse until it 

reached the bloom or early-boll stage. Twenty cotton plants 

were placed in field cages, 10 plants per row with a 95cm 

space between rows. Forty first-instar larvae were intro

duced into each field cage, two per plant and 20 per row. 

Three levels of predator, 4, 6 and 8 adults, were used for 

aach test, plus a control treatment. Each treatment was 

replicated three times. The control treatments we~e con

ducted in the same manner but without the predators. Data 

were recorded after 24 and 48 hours in order to count the 

number of larvae left in the cage. The same procedures were 

repeated with second- and third-instars and eggs of the TBW. 

The cages in this test were constructed of 3.6 X 1.8 X 1.8m 

metal frames fitted with Saran screen covers (16 mesh). The 

doors of the cages were equipped with zippers for opening 

and closing. The bottoms of the cages were sealed with tape. 

The TBW larvae and eggs were transferred to the plants by 
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means of a #1 camel's hair brush. Larvae and eggs were 

randomly distributed over the terminals and maintained with 

the predator for 24 and 48 hours. Adult NA were released 

from cardboard cups in front of the open doors of the cages. 

All tests were conducted in cages where the temperature 

ranged from 20 to 330 C and RH ranged from 32 to 100%. 

Field Studies 

Compatibility of Predator with Fenvalerate 

This experiment with NA and various insecticides was 

conducted in order to determine their combined effects and 

compatibility for the management of TBW populations. A one

acre field area at the Campbell Avenue Farm was chosen as 

the site for these experiments. Deltapine-61 cotton was 

planted in drilled rows with 101cm spacing. The cages were 

arranged along the marginal rows of the field, leaving three 

outer rows as buffer zones. The cotton plants inside the 

cages were thinned to one plant per row foot. 

The field cages were the same as those described 

above. The bottoms of the cages were sealed with soil. The 

first step of this test was to rid the cages of other in

sects by using an A.D. VAC R machine. Forty newly-emerged 

first-instar TBW larvae were transferred to each cage. Three 

treatments were used and three cages were used for each 

treatment. First, cotton in three cages was sprayed with 

fenvalerate. In the second treatment, the cotton in three 
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cages was sprayed with fenvalerate and adult NA wereintro

duced. The third treatment served as a control. The larvae 

were randomly distributed onto the terminals of the plants. 

Adult NA were released into the cage at the rate of one per 

row foot. Each treatment was replicated three times. The 

cages that were sprayed with fenvalerate received a dosage 

of 0.2 lb/acre. The CO 2 powered sprayer was equipped with 

three Tee-Jet nozzles on the boom, and spray was applied 

using a pressure of 40psi. The first jet was directed over 

the row and the others were directed towards the sides of 

the row. The nozzle delivery output was 30 gallons/A spray 

solution. Data were recorded after 24 and 48 hours in order 

to determine the mortality rate of the larvae. 

Compatibility of Predator with BT 

This test was conducted in order to evaluate the 

predator in conjunction with a biological insecticide and to 

assess the combined action on TBW control. This experiment 

utilized the same techniques as used in the treatment with 

fenvalerate. BT was used at the dosage rate of 0.25 lb/A. 

The results were recorded after 24 and 48 hours. 

Compatibility of Predator with Virus 

This test was performed to determine the combined 

effectiveness of the predator and virus for control of the 

TBW. The same techniques were used as in the previous test 

with BT and the predator. The dosage of the virus used in 
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this experiment was 2.0 oz/acre. The results were recorded 

after 24 and 48 hours. 

Longevity of the Predator with Different 
Chemicals in the Laboratory 

This experiment was conducted in the laboratory to 

determine the relative effects of fenvalerate, BT, virus or 

sugar on adult NA longevity. Newly-emerged adult NA were 

placed singly in 9cm X 2cm clear plastic petri dishes. 

A 0.5 dram vial was filled with a 5% sugar solution 

and the top of the vial was closed with a piece of cotton. 

The vials were held in the petri dishes with tape. The 

petri dishes were transferred to incubator boxes at a tem

perature of 25°C. Each treatment was replicated 10 times. 

The results were recorded daily. 

Similar procedures were used when testing the other 

materials. Concentrations of these materials in the vials 

were 0.25 lb/A of BT, 0.2 lb/A of fenvalerate, and 2.0 oz/A 

of virus, comparable to those applied in the field at the 

rate of )0 gal spray solution/A. 

The Starvation Test 

This test determined the ability of the adult to 

survive under different temperature conditions when pro

vided with the following foods: sugar solution, green bean, 

cotton plants, and no food. Newly-emerged NA adults were 

transferred singly to 9 X 2cm plastic petri dishes and held 
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at the following temperatures: o 20, 25, 30, and 35 C. Each 

treatment was replicated ten times. The petri dish tech

nique was used for all except the seedling cotton treatment 

which utilized potted plants in the greenhouse. Procedures 

were similar to those described for the greenhouse predation 

test. The data were recorded every 24 hours. 

Statistical Analysis of Data 

All data collected from the field, laboratory and 

greenhouse were computer analyzed using ANOVA to determine 

significance, standard deviation and variance. Significance 

was determined at the 0.05 level of probability in all cases. 

Consumption, mortality and survival data were ana

lyzed using the arcsin transformation of means (Dr. R. Kuehl, 

Center of Quantitative Studies, The University of Arizona, 

Personal Communication). 



CHAPTER 4 

RESULTS AND DISCUSSION 

Consumption of TBW Larvae and Eggs 

Nabis alternatu~ is an important predator of the 

TBW. This study was conducted to determine the effect of 

different stages of NA on the different larval instars of 

the TBW and to determine the effects of varying temperature 

regimes on their predation. In general, the data showed 

that adult NA consumed more TBW larvae than did any of the 

nymphal instars. None of the nymphal instars consumed 

fourth- or fifth-instar TBW larvae. It was also found that 

most instars were more effec~ive on first-instar TBW larvae. 

Table 1 shows a higher rate of consumption at JOoC than at 

any other temperature. The adult feeding test resulted in 

values with significant differences, which corresponded di

rectly with the temperature regime. Lower differences due 

to temperature regime were obtained in tests conducted with 

nymphal NA. 

Table 2 shows that all instars and adults have a 

higher rate of consumption of second-instar TBW at JOoC than 

at any other temperature. Rate of consumption was highly 

significant at JOoC. 

JO 



Table 1. Average number of first-instar tobacco budworms consumed 
by each instar and adult of N. alternatus at temperatures 
of 20, 25, 30, and 35°C. 

X No. larvae consumed at indicated temperature (oC) 

Nabis instar1/Adults 20 25 30 35 

1st 

2nd 

3rd 

4th 

5th 

Adult 

9.7 ± 0.27a2/ 11.2 ± 0.03b 13.7 ± 0.02b 6.3 ± 0.07a 

16.8 ± 0.03ab 15.3 ± 0.02ab 18.9 't 0.02b 13.2 ± 0.16a 

19.2 't 0.03a 23.1 ± O. 01b 33.2 ± 0.04c 18.6 ± 0.02a 

25.1 ± 0.10a 31.7 ± O.01ab 44.6 ± 0.04b 28.5 ± O.01a 

29.1 ± 0.02a 42.7 ± O.OOab 55.6 ± O.01b 35.0 ± O.01a 

38.9 ± 0.10a 52.6 ± O.01b 72.1 't O.OOc 42.0 ± O.01ab 

1/ Each mean represents consumption by 22, 20, 23, and 22 Nabids, 
respectively, for temperatures of 20, 25, 30, and 350C. 

2/ Means on the same line followed by different letters are signifi
cantly different at the 0.05 level of probability (LSD = 0.08). 

\...oJ 
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Table 2. Average number of second-instar tobacco budworms consumed 
by each instar and adult of N. alternatus at temperatures 
of 20, 25, 30, and 350 C. 

X No. larvae consumed" at indicated temperature (oC) 

Nabis instar 17 
Adult 

20 25 30 35 

1st 

2nd 

3rd 

4th 

5th 

Adult 

2/ 1.1 ± o. OSa 1.2 + 0.10a 

2.4 :t 0.06a 

4.0 ± 0.06a 

7.3 ± 0.21a 

9.4 ± 0.02 a 

10.7 ± 0.03a 

3.5 :t 0.07b 

5.5 ± 0.04b 

s.o ± 0.04a 

10.2 ± 0.04a 

15.2 ± 0.03b 

3.1 ± o. 07b 

7.0 + 0.04c 

10.6 ± 0.04d 

1.0 ± 0.13a 

2.9 ± O.OSa 

7.2 :t 0.03c 

13.2 ± 0.02ab 11.7 ± 0.02ab 

17.5 ± 0.02c 

19.5 ± O.OOc 

13.3 ± 0.02b 

16.2 ± 0.03 

1/ Each mean represents consumption by 22, 21, 20, and 25 Nabids, 
respectively, for temperatures of 20, 25, 30, and 350 C. 

2/Means on the same line followed by different letters are signifi
cantly different at the 0.05 level of probability (LSD = O.OS). 

\..oJ 
I\) 
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Table 3 shows that the older stages of NA consumed 

more third instars than did the younger stages. The 300e 

regime had a greater effect on the consumption of larvae 

than did any other temperature. Feeding tests conducted at 

30 and at 35°e showed little difference in consumptive 

capabilitYI similarly, little difference was shown between 

20 and 25°e. However, large differences were shown between 

the lower and higher regimes. The successive stages of NA 

consumed on the average, 0.7, 1.2, 3.0, 4.5, 7.8 and 10 

larvae respectively at 30oe. 

Table 4 shows that the number of TBW eggs consumed 

by the five nymphal instars and the adult NA increased 

through each successive ins tar and stage. First-, second-, 

third-, fourth- and fifth-instars showed significant consump

tive differences when feeding at 20, 25, 30 and 350e, 

respectively. The adult stage also showed significant dif

ferences in consumption when feeding at the varying tempera

ture regimes. Butler (1966) found that temperature has an 

effect on the development of several hemipteran predators. 

These data indicated a high consumptive capacity of first-, 

second-, and third-instars and eggs by the six predator 

stages at a temperature of 30oe. (Tables 1, 2, 3, and 4) 

This increased consumption is apparently due to the higher 

activity of the predator at this temperature. Differences 

were shown relative to consumption of first-, second-, and 

third-instars and eggs at temperatures of 20, 25, 30, and 



Table 3. Average number of third-instar tobacco budworms consumed 
by each instar and adglt of N. alternatus at temperatures 
of 20, 25, 30, and 35 c. 

X No. larvae consumed at indicated temperature (oC) 

Nabis instar1/Adult 20 25 30 35 

1st 

2nd 

3rd 

4th 

5th 

Adult 

0.3 ± 0.34a2/ 0.5 :!: 0.34b 0.7 ± 0.31c 0.7 ± 0.31c 

0.7 ± 0.34a o.B ± 0.2Ba 1. 2 ± 0.12ab 2.2 ± 0.11b 

1.6 ± 0.10a 1.B ± 0.16a 3.0 ± 0.06b 4.1 ± o. 05c 

2.2 ± 0.07a 2.4 ± O.OBa 4.5 :!: 0.04b 4.0 ± 0.05b 

3.B :!: 0.05a 3.9 ± 0.07a 7.B ± 0.04b 7.4 ± 0.03b 

5.2 ± 0.04a 5.B ± 0.-06a 10.0 :!: 0.19b 9.6 ± 0.01b 

1/ Each mean represents consumption by 24, 24, 20, and 20 Nabids, 
respectively, for temperatures of 20, 25, 30, and 350C. 

2/ Means on the same line followed by different letters are signifi
cantly different at 0.05 levei of probability (LSD = O.OB). 

\...oJ 
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Table 4. Average number of tobacco budworm eggs consumed by 
each instar and adult of N. alternatus at temperatures o -of 20, 25, 30, and 35 c. 

X No. eggs consumed at indicated temperature (oC) 

Nabis instarl /Adult 20 25 30 35 

1st 

2nd 

3rd 

4th 

5th 

Adult 

o . 7 ± 0.13a2/ 1.6 :!: 0.06b 2.9 ± 0.06c 2.5 :!: 0.05c 

1 .4 :!: 0.13a 3.0 ± 0.07b 9.3 ± 0.08d 4.8 ± 0.05c 

3.7 ± 0.13a 6.7 ± 0.04b 13.4 ± 0.02c 18.6 ± 0.08d 

6.9 ± 0.04a 10.8 ± 0.06b 19.6 ± 0.03c 12.7 :!: 0.05b 

12.6 ± 0.04a 16.9 :!: 0.04b 30.8 ± 0.05c . 18.6 ± O.Olb 

13.2 :!: 0.03a 13.5 ± 0.05a 35.8 ± 0.02c 22.9 ± 0.02b 

1/ Each mean represents consumption by 24, 22, 22, and 22 Nabids, 
respectively, for temperatures of 20, 25, 30, and 35°C. 

2/Means on the same line followed by different letters are signifi
cantly different at t~e 0.05 level of probability (LSD = 0.08). 

\...,J 
\..r\ 



35°C, respectively. There was less difference between 20 

and 25, and 30 and 35°C (Tables 1, 2, 3, 4). 
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Abdellatif (1965) found that the highest consump

tion of mites by all stages of Drius was at 30oC. He report

ed that statistically significant differences were shown 

regarding consumption as a result of the interaction at 

varying temperatures. 

All NA stages in the pres,ent study preferred early 

instar larvae of the budworm to that of the eggs. Lingren 

et al. (1968) and Drphanides, Gonzales, and Bartlett (1971) 

reported that the predator Drius preferred larvae of the 

pink bollworm and bollworm over eggs. The adult stage of NA 

showed a high consumption of larvae and eggs at all tempera

tures. Lindsey (1970) indicated that Drius tristicolor 

consumed smaller numbers of prey per day when compared to 

the larger predators. 

No instar of NA would attack fourth- or fifth-instar 

TBW apparently because of the large size of these instars. 

Clancy and Pierce (1966) reported that NA attacked lygus 

nymphs but did not attack the adult, and NA nymphs preferred 

to attack smaller lygus rather than the larger ones. This 

indicates a predator-prey size relationship. 

The statistical analysis of the differences between 

first-, second-, third-instar and egg consumption by dif

ferent stages of NA in the greenhouse is shown in Table 5. 

The older ins tars consumed more larvae and eggs than did the 



Table 5. Average number of first-, second-, and th~rd instars 
and eggs of tobacco budworm consumed by N. alternatus 
instars and the adult under greenhouse conditions. 

X No. larvae consumed 

Nabis instarl /Adult 1st 2nd 3rd eggs 

1st 

2nd 

3rd 

4th 

5th 

Adult 

6.1 ± 0.05c2/ 

11.4 + 0.13c 

19.9 ± 0.02c 

25.3 ± 0.02c 

32.1 ± 0.02c 

45.5 ± O.Old 

2.3 ± 0.09 b 

4.9 ± 0.04b 

10.7 ± 0.03b 

17.3 ± O.Olb 

21.S ± O.Olb 

26.9 ± O.Olc 

1.3 ± 0.0 Sa 

3.5 ± 0.04a 

5.3 ± 0.04a 

12.6 ± O.Ola 

14.2 ± O.Ola 

16.6 ± 0.02a 

1/ Each mean represents consumption by 40 Nabids under 
greenhouse conditions (temperature 10-32oC and RH 10-70%) 

2.6 ± 0.07b 

4.9 ± 0.06b 

5.3 ± 0.05a 

13.0 ± 0.03a 

21.4 ± O.Olb 

23.9 ± O.Olb 

2/ Means on the same line followed by different letters are signifi
cantly different at the 0.05 level of probability (LSD = 0.002). 

"'" ~ 
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younger ones. Nadgauda and Pitre (1978) found that larval 

mortality increased as the predators' age increased. The 

different NA instars consumed greater numbers of first

ins tar larvae of the TBW than of second- and third-instars 

or of eggs; they did not attack fourth- or fifth-instars. 

Therefore, predation decreased as larval size increased. 

Nadgauda and Pitre (1978) reported that predation by Redu-

violus roseipennis on TBW decreased as larval size increased. 

Mukerji and LeRoux (1969) illustrated that prey size is an 

important component of the predatory process for all pred

ator stages. Both adult and nymphs preferred larvae, rather 

than the eggs as prey. Fletcher and Thomas (1943) found 

that arthropod predators destroyed more larvae than eggs of 

the bollworm. Orphanides et ale (1971), Eheler et ale 

(1973) and Lingren and Wolfenbarger (1976) indicated that 

Orius tristicolor preferred to consume the larvae of the 

TBW rather than the egg. Whitcomb and Bell (1964) studied 

many predators of the bollworm and concluded that Nabis spp. 

was the least likely predator for consumption of eggs, that 

is, selective for first-instar TBW. Therefore, it was im-

portant to release NA at the early stage of TBW infestation 

in order to be more effective in the field. 

Destruction of Eggs in the Laboratory 
and Greenhouse 

The feeding of NA on TBW eggs resulted in eggs char

acterized by three different shapes: first, total 
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destruction of the egg; second, partial destruction leaving 

a crown shape; and third, partial destruction leaving a 

teepee shape. Overall, feeding by NA resulted in a higher 

frequency of teepee shaped eggs than either of'the other 

forms. This was true at Jooe more so than at 20, 25 or 

35°e (Table 6). Tests conducted in the greenhouse showed 

similar results (Table 7). Harrison (1960) found that feed

ing by most predators with piercing/sucking mouth parts left 

eggs of the bollworm in a teepee shape. 

Survival Test 

Table 8 presents the effect of temperature on sur

vival of each NA instar fed on first-instar TBW. Survival 

percentage increased as the predator's level of development 

increased at temperatures .of 20, 25, 30, and 35°e. No sig

nificant difference in survival occurred among the different 

temperatures. Similar data for NA feeding on second- and 

third-instars are presented in Tables 9 and 10, respectively. 

No significant differences in survival occurred among the 

various temperatures. 

Survival of nymphal and adult NA feeding on TBW 

eggs at the various temperatures is shown in Table 11. 

Temperature had no significant effect on adult or nymphal 

survival. Table 12 shows percentage survival of adults and 

nymphs feeding on first-, second-, and third-instars and 

eggs of the TBW in the greenhouse. No significant difference 



Table 6. Percent of tobacco budworm egg predation and type1/ of feeding 
damage by each N. alternatus instar and adult at temperatures 
of 20, 25, 30, and 35~C. 

Nabis instar7-- Mean % egg predation at indicated temperature (oC) 
Adult 

20 25 30 35 
I II III T I II III T I II III T I II III T 

1st 3 1 2 7 14 1 1 16 26 2 1 29 16 0 9 26 

2nd 7 2 5 14 20 1 8 30 28 1 34 62 36 0 12 47 

3rd 19 1 17 38 25 0 20 45 36 0 30 67 28 0 29 57 

4th 15 1 22 40 37 0 34 72 28 0 51 78 26 0 46 73 

5th 26 3 33 63 24 0 43 67 18 0 70 88 25 0 59 75 

Adult 23 0 43 66 24 0 54 78 28 0 62 89 31 0 46 76 

1/ Type damage rated as follows: 
I = % of eggs with total content consumed; 

II = % of eggs half emptied of contents; 
III = % of eggs _partially emptied ("tepee-shaped) I and 

IV = % total damage (all categories) . 

~ 
o 



Table 7. Percent of tobacco budworm egg predation and type1/of 
feeding damage by each instar and adults of N. 
alternatus under greenhouse conditions. 

Mean % egg predation under greenhouse conditions 

Nabi..§. Instar/ No. of 
Adult Nabi§. T I II III 

1st 40 26 10 6 10 

2nd 40 49 10 21 18 

3rd 40 53 12 21 20 

4th 40 65 15 17 31 

5th 40 71 19 16 36 

Adult 40 79 28 29 22 

1/ Type of damage rated as follows: 

I = % of eggs with total content consumed; 
II = % of eggs half emptied of contents; 

III = % of eggs partially emptied (tepee-shaped); and 
T = % total damage (all categories). 

-t:" 
~ 



Table 8. Effect of temperature on survival of each instar and 
adult of N. alternatus feeding on first-instar 
tobacco budworm. 

No. of No. Completing Percent 
Nabis ins tar Temperature (OC) Nabis Each Instar Survival 

1st 20 22 18 81 
2nd 22 21 95 
3rd 22 22 100 
4th 22 21 95 
5th 22 22 100 
Adult 22 22 100 

1st 25 20 18 90 
2nd 20 19 95 
3rd 20 20 100 
4th 20 20 100 
5th 20 20 100 
Adult 20 20 100 

1st 30 23 20 86 
2nd 23 22 95 
3rd 23 23 100 
4th 23 23 100 
5th 23 23 100 
Adult 20 20 100 

1st 35 23 20 86 
2nd 23 22 95 
3rd 23 23 100 
4th 23 23 100 
5th 23 23 100 
Adult 20 19 95 ~ 

t\) 



Table 9. Effect of temperature on survival of each ins tar and 
adult of N. alternatus feeding on second-instar 
tobacco budworm. 

No. of No. Completing Percent 
.Nabis instar Temperature (OC) Nabis Each Instar Survival 

1st 20 22 18 81 
2nd 22 21 95 
3rd 22 22 100 
4th 22 22 100 
5th 22 22 100 
Adult 20 20 100 

1st 25 21 19 95 
2nd 21 20 95 
3rd 21 20 95 
4th 21 21 100 
5th 21 21 100 
Adult 21 21 100 

1st 30 20 20 100 
2nd 20 19 95 
3rd 20 19 95 
4th 20 20 100 
5th 20 20 100 
Adult 20 20 100 

1st 35 25 23 92 
2nd 25 24 96 
3rd 25 24 96 
4th 25 25 100 
5th 25 25 100 
Adult 20 19 95 ~ 

\.J.) 



Table 10. Effect of temperature on survival of each instar and 
adult of N. alternatus feeding on third-instar 
tobacco budworm. 

Nabis instar Temperature (OC) No. of No. Completing Percent 
Nabis Each Instar Survival 

1st 20 24 20 83 
2nd 24 23 95 
3rd 24 23 95 
4th 24 24 100 
5th 24 24 100 
Adult 24 24 100 

1st 25 24 22 91 
2nd 24 24 100 
3rd 24 24 100 
4th 24 24 100 
5th 24 24 100 
Adult 24 24 100 

1st 30 20 18 90 
2nd 20 20 100 
3rd 20 20 100 
4th 20 20 100 
5th 20 20 100 
Adult 20 20 100 

1st 35 20 16 80 
2nd 20 18 90 
3rd 20 19 95 
4th 20 20 100 
5th 20 20 100 
Adult 20 20 100 ~ 

~ 



Table 11. Effect of temperature on survival of each instar and 
adult of N. alternatus feeding on tobacco budworm eggs. 

Nabis ins tar Temperature CoC) No. of No. Completing Percent 
Nabis Each Instar Survival 

1st 20 24 21 87 
2nd 24 22 91 
3rd 24 24 100 
4th 24 24 100 
5th 24 24 100 
Adult 24 24 100 

1st 25 22 20 90 
2nd 22 21 95 
3rd 22 21 95 
4th 22 22 100 
5th 22 22 100 
Adult 22 22 100 

1st 30 22 20 90 
2nd 22 22 100 
3rd 22 22 100 
4th 22 22 100 
5th 22 22 100 
Adult 22 22 100 

1st 35 22 20 90 
2nd 22 20 90 
3rd 22 21 95 
4th 22 20 90 
5th 22 21 95 
Adult 20 20 100 

~ 
\J\ 



Nabis 
Instar 

1st 

2nd 

3rd 

4th 

5th 

Adult 

Table 12. Percent survival of each N. alternatus instar when 
feeding on first-, second~, and third-instars and 
eggs of tobacco budworm under greenhouse conditions. 
(12.7 - 320 C and RH 10 - 70%) 

Heliothis 1/ 
Instar7eggs 

1st 2nd :2rd eggs 

NA survival 

No. ~ No. ~ No. ~ No. % 

37 92.5 35 87.5 36 90 37 92·5 

38 95 36 90 38 95 39 97 

39 97.5 39 97.5 39 97.5 40 100 

40 100 40 100 40 100 40 100 

40 100 40 100 39 97·5 40 100 

40 100 40 100 40 100 39 97·5 

1/ The sample size in NA tests consisted of 40 NA. 

~ 
0'. 
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in survival occurred among adults or nymphs when feeding on 

the different instars of the TBW. 

Rate of Development 

'Both temperature and TBW instar had an effect on 

developmental rate of NA. Table 13 presents the average 

duration of time required by NA to complete each instar when 

feeding on first-instar TBW at temperatures of 20, 25, 30, 

and 35°C. Little difference was noted in the developmental 

time between the two lower temperatures or between the two 

higher temperatures; however, a highly significant differ

ence was shown between the two groups. NA adults lived 

longer at 20
0
C than at 25, 30 or 35°C, respectively. Similar 

results were obtained when the predator fed on both second

and third-instars and eggs (Tables 14, 15, and 16). When 

feeding on first-, second- or third-instars or eggs of the 

TBW, NA instars showed, in most cases, a longer developmen

tal period at 200Cthan at 25, 30 or 35°C, respectively. 

Both adult and nymphal NA have a shorter developmental 

period when feeding on first-instar TBW than when· feeding on 

second- or third-instars or on eggs of the TBW. 

Table 17 shows the amount of time required for 

Nabis to complete each respective instar when feeding on 

first-, second- or third-instars or eggs of the TBW in the 

greenhouse. The developmental time showed low significant 

differences between the adult NA and the nymph when feeding 



Table 13. Average number of days required by N. alternatus to 
complete each instar and adult survival when feeding on 
first-instar tobacco budworm at temperatures of 20, 25, 
30 and 35°C. 

Temperature (OC) Nabis ins tar No. Nabis Used Mean Number of Days1/ 

20 1st 18 4.0 ± 0.80b 
25 18 4.5 ± 0.51c 
30 20 2.0 ± 0.22a 
35 20 2.0 ± 0.22a 
20 2nd 21 4.0 ± 0.80b 
25 19 4.5 ± 0.61c 
30 22 2.5 ± 0.50a 
35 22 2.5 ± 0.47a 
20 3rd 22 4.0 ± 0.77b 
25 20 5.0 ± 0.57c 
30 23 2.5 ± 0.49 a 
35 23 2.5 ± 0.58 a 
20 4th 21 5.0 ± O.11b 
25 20 5.0 ± 0.59b 
30 23 3.0 ± 0.94a 
35 23 3.0 ± 0.66a 
20 5th 22 4.0 ± 1.11b 
25 20 7.0 ± 0.51c 
30 23 4.0 ± 0.75b 
35 23 3.0 ± 0.69a 
20 Adult 22 20.0 ± 1. 57d 
25 20 19.0 ± 0.88c 
30 20 12.0 ± 1.33b 
35 19 10.0 ± 0.37a +:-

co 
1/ Means followed by different letters are significantly different 

at the 0.05 level of probabillty (LSD = 0.26). 



Table 14. Average number of days required by N. alternatus to 
complete each instar and adult survival when feeding 
on second-instar tobacco budworm at temperatures of 
20, 25, 30 and 35 c. 

Temperature (OC) Nabis instar No. Nabis Used Mean Number of Days 1/ 

20 1st 18 4.5 ± 0.61c 
25 19 4.5 ± 0.62c 
30 20 2.0 ± 0.36a 
35 23 2.5 ± 0.40b 
20 2nd 21 3.5 ± 0.48b 
25 20 4.5 ± 0.61c 
30 19 2.5 ± 0.47a 
35 24 3.0 ± 0.44a 
20 3rd 22 7.0 ± 1.15c 
25 20 4.0 ± 0.54b 
30 19 2.5 :t 0.51a 
35 24 2.5 ± 0.50a 
20 4th 22 6.0 ± 1.15d 
25 21 5.0 ± 0.60c 
30 20 2.5 ± 0·51a 
35 25 3.5 ± 0.77b 
20 5th 22 8.0 ± 0.68d 
25 21 7.0 ± 0.61c 
30 20 3.5 ± 0.48b 
35 25 3.0 ± 0.93a 
20 Adult 20 19.0 i: 0.86d 
25 21 17.3 ± 0.58c 
30 20 13.5 ± 0.59b 
35 19 11.0 + 0.43a .{:" 

'" 1/ Means followed by different letters are significantly different 
at the 0.05 level of probability (LSD = 0.26) 



Table 15. Average number of days required by N. alternatus to complete 
each instar and adult survival when feeding on third instar 
tobacco budworm at temperatures of 20, 25, 30 and 35°C. 

Temperature (OC) Nabis instar No. Nabis Used Mean Number of Daysl/ 

20 1st 20 5.0 ! 0.60c 
25 22 5.0 ± 0.57c 
30 18 3.0 ± 0.63b 
35 16 2.5 ± 0.51a 
20 2nd 23 7.0 ± 1.15d 
25 24 6.0 ± 0.53c 
30 20 4.0 ± 0.57b 
35 18 3.0 ± 0.32a 
20 Jrd 23 8.5 ± 0.58d 
25 24 7.0 ± 0.70c 
30 20 5.0 ± 0.72b 
35 19 4.0 ± 0.51a 
20 4th 24 9.0 ± 0.87d 
25 24 7.5 + 0.64c 
30 20 5.5 ± 0.51b 
35 20 3.0 ± 0.51a 
20 5th 24 9.0 ± 0.87d 
25 24 8.0 ± 0.78c 
30 20 5.5 ± 0.65b 
35 20 4.0 ± 1.07a 
20 Adult 24 9.0 ± 0.81c 
25 24 10.0 ± 0.51d 
30 20 7.0 ± 0.49b 
35 20 6.0 ± 0.79a 

l/Means followed by different letters are significantly different \..r\ 

at the 0.05 level of probability (LSD = 0.26). 0 



Table 16. Average number of days required by~. alternatus to complete 
each instar, and adult survival when feeding on eggs of 
tobacco budworm at temperatures of 20, 25, 30 and 35OC. 

Temperature (OC) Nabis instar No. Nabis Used Mean Number of Days1! 

20 1st 21 5.5 ± 0.51d 
25 20 4.0 ± 1.02c 
30 20 2.0 ± 0.67a 
35 20 3.0 ± 0.88b 
20 2nd 22 5.5 ± 0.45c 
25 21 3.5 ± 0.48b 
30 22 2.5 ± 0.58a 
35 20 3.5 ± 0.60b 
20 3rd 24 7.0 ± 0.65d 
25 21 4.0 ± 0.58c 
30 22 3.5 ± 0.49b 
35 21 2.5 ± 0.46a 
20 4th 24 8.0 ± 0.84d 
25 22 4.0 ± 0.62a 
30 22 5.5 ± 0·59c 
35 20 4.5 ± 0.50b 
20 5th 24 10.0 ± 0.65d 
25 22 6.0 ± 0.52b 
30 22 7.0 ± 0.78c 
35 21 5.5 ± 0.51a 
20 Adult 24 10.0 ± 0.53d 
25 22 8.0 ± 0.72c 
30 22 7.3 ± 1.20b 
35 20 6.0 ± 0.88a 

1! Means followed by different letters are significantly different 
\J'\ 
~ 

at the 0.05 level of probability (LSD = 0.17). 



Table 17. Average number of days required by N. alternatus to complete 
each instar, and adult survival when feeding on first-, second-, 
and third-instars and eggs of tobacco budworm under greenhouse 
conditions (temperature 12.7 - 32.2oC and RH 10 -,70%). 

Heliothis ins tar Nabis ins tar No. Nabis Used Mean Number of Days17 

1st 1st 37 3.0 ± 0.77b 
2nd 35 3.0 ± 0.34b 
3rd 36 2.5. ± 0.30a 

eggs 37 3.3 ± 0.60c 
1st 2nd 38 4.5 ± 0.67b 
2nd 36 4.5 ± 0.50b 
3rd 38 3.5 ± 0.40a 

eggs 39 4.3 ± 0.50b 
1st 3rd 39 4.5 ± 0.50b 
2nd 39 3.5 ± 0.48a 
3rd 39 5.0 ± 0.64c 

eggs 40 5.5 ± 0.71d 
1st 4th 40 6.0 ± 0.70c 
2nd 40 4.0 ± 0.49a 
3rd 40 5.5 ± 0.70b 

eggs 40 5.5 ± 0.60b 
1st 5th 40 6.5 ± 0.50b 
2nd 40 4.0 ± 0.15a 
3rd 39 6.5 ± 0.55b 

eggs 40 8.0 ± 0.65c 
1st Adult 40 8.0 ± 0.67b 
2nd 40 . 7.0 ± 0.69a 
3rd 40 9.0 ± 0.74c 

eggs 40 9.0 ± 0.83c 

1/ Means followed by different letters are significantly different at 
\J\ 
l\) 

the 0.05 level of probability (LSD = 0.17) 



on first-, second-, and third-instar TBW. In most cases, 

instars of NA have a significantly shorter developmental' 

period when feeding on larvae than when feeding on eggs. 

53 

The temperature regime affected the developmental 

period of each instar. As temperature increased, the dura

tion of the developmental period decreased. Butler (1966) 

found that temperatures of 59, 68, and 86°F resulted in a 

decreased developmental period of Zelus renardii nymphs 

from 68, to 32, to 28 days, respectively. The results of 

Butler's test are comparable'~c those in this study. The 

developmental period of NA was shorter when feeding on lar

vae than when feeding eggs of the TBW. Therefore, NA was 

more effective on larvae than on eggs. The stage of prey 

also affected the duration of the developmental period. 

The results of these tests indicate that both temperature 

and prey stage are important factors relative to develop

mental rate of the predator. 

Predator/Prey Ratio 

Constant Prey with Different Levels of Predator 

Table 18 shows that the inundative release of adult 

NA resulted in highly significant differences in consumption 

of TBW larvae between the first and the second day. Re

leases of the three predator/prey ratios resulted in signif

icantly greater consumption in 2 days .than in 1. 



Table 18. Average number of first-instar larvae consumed in 24 and 
48 hours at different predator/prey ratios of N. alternatus 
and tobacco budworm under greenhouse conditions (temperature 
22 - JJoC and RH 10 - 100%). 

Mean Number Mean Mortality 

Nabid 

0 

20 

30 

40 

Predator! 
H. virescens Prey Ratio 24th 48th 

200 0:10 5.7 :!: O.1aA 8.2 ± 1. J2M 1/ 

200 1:10 10.6 ± 2.8aB 19.2 ± 10.3bB 

200 1~:10 19.4 ± 2.3aC 27.0 ± 5.0bC 

200 2: 10 23.2 ± 5.7aD 30.4 ± 3.-7bD 

1/ Means followed by different letters (small letters are rows and 
capital letters are columns) indicate significant differences 
at the 0.05 level of probability (LSD = 0.01). 

'-" +:-
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Significant differences were shown between the three 

ratios of predator releases when feeding on TBW larvae. The 

three ratios were: 2,500; 3,750; and 5,000 per acre (1 pred

ator: 10 prey; li:l0; and 2:10 1 respectively), which con

sumed 55, 77, and 87% of the TBW population, respectively. 

The mortality rate of the TBW in the control or check cages 

was 1 to 33 percent for each area (Table 18). 

The consumption of larvae was increased when the 

predator ratio was increased. Ridgway and Jones (1968b) 

found that the release of Chrysopa carnea eggs in field 

cages from a rate of 50,000 to 100,000 per acre increased 

the mortality rate of the TBW. They found that the mortality 

of TBW larvae increased from 73.8 to 99.5% by increasing the 

ratio of lacewing in field cages. Lingren et al. (1968) 

showed similar results with tests conducted on Geocoris 

punctipes. They found that the increase of the adult preda

tor/prey ratio resulted in a reduction of the TBW egg and 

larvae from 80 to 99%, respectively. These data are very 

important in selecting the best ratio level of predator re

lease to be used for biological control. 

Constant Predator with Different Levels of Prey 

Table 19 indicates significant differences 

between the four levels of average prey consumed by the 

predator as compared to the control level. Most instars of 

NA consumed more larvae when the ratio of first-instar TBW 



Table 19. Mean consumption of first-instar tobacco budworm by each N. 
alternatus instar and adult with predator/prey ratios of 
0:1, li71 , 1:) and 1:4 per four cotton plants in the green
house. 

Nabis Instar2/ 
Adult 

1st 

2nd 

)rd 

4th 

5th 

Adult 

Mean larvae consumed at ratio of: 

0:1)/ 1:1 1:2 1:) 1 :4 

0.) ± ).6a4/ 0.4 ± ·4.1a 0.4 ± 5.4a 0.5 :!: 4.9ab 1.5 ± 7.7b 

0.) ± 17.2a 0.2 :t 10.9a 0.5 ± ).2b 1. 0 ± 8.)c 1.2 ± l1.)d 

0.2 ± 1.8a 0.5 ± 18.8b 0.7 ± 9.4c 1.7 ± 15.)d 2.2 ± 17.5e 

0.5 ± .5.4ab 0.7 ± .7.0b 0.6 ± 4.2b 1.) ± 1.6c 0.4 ± 4.7a 

1.0 ± l).Oc 0.4 ± 10.9a 0.4 ± 16.1a i.) ± 4.7d 0.6 ± 6.41b 

0.) ± ).9a 0.7 ± )2.1b 1.2 ± 28.7c 2.0 ± 2).8d 2.5 ± 1).5e 

1/ General conditions in the greenhouse: temp. 20 - ))oC and RH 25 -
100%. 

2/ Fourteen individuals used at each instar and adult stage. 
)/ The predator/prey ratios (control) 0 predator: 1 prey, 1:1, 1:2, 

1:) and 1:4, was ratio c, 1, 2, ), and 4, respectively. 

4/Means followed by same letter~ are not significantly different at 
the 0.05 level of probability (LSD = 0.006). 

\..J'\ 
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was increased as compared with the control test. The 

first-, second-, third-, instars and adult NA consumed more 

larvae at level 4 (1 predator/4 prey) than at level 3 

(1 pred/3 preY),2 (1 pred/2 prey), or 1 (1 pred/prey), res

pectively. The fourth- and fifth-instars of NA consumed 

more larvae at level 3 than at any other level. Bryson and 

Schuster (1975) found that by increasing the ratio of eggs 

from four to eight there was an increase in the consumption 

by the lady beetle predator in cotton cages. Table 20 shows 

the effect of levels of second-ins tar TBW larvae on consump

tion by different instars of NA. This table also shows the 

natural mortality rate of TBW as compared with feeding 

levels. In most instars of NA the consumption was increased 

when the ratio of second-instar larvae was increased. Only 

slightly significant differences were shown among the dif

ferent larval ratios consumed by first-instars, (the first

instar NA consumed more larvae only at the high density 

level of 4). The fourth- and fifth-instars exhibited about 

the same consumptive rate as did the first-instar. 

All NA instars consumed more larvae when the ratio 

of larvae was increased (Table 21). NA instars consumed a 

higher number of larvae at ratio 4 than at ratios 3, 2" or 1, 

respectively. 

TBW egg consumption by different ins tars of NA is 

reported in Table 22. No eggs were consumed by any of the 



Table 20. Mean consumption of second-instar tobacco budworm by each 
N. alternatus instar and adult with predator/prey ratio 
of 0:1, 1:1, 1:2/ 1:3, and 1:4 per four cotton plants in 
the greenhouse. 1 

Nabis Instar2j 
Adult 

1st 

2nd 

3rd 

4th 

5th 

Adult 

Mean larvae consumed at ratios of: 

0:131 1:1 1:2 1:3 1:4 

4/ 0.3 ± . 3.6a 0.4 ± 4.1a 0.4 ± 5.4a 0.5 ± 4.9ab 1.5± 7.7b 

0.3 ± 17.2ab 0.2 ± 10.9a 0.5 ± 8.2b 1.0 ± 8.3c 1.2 ± 11.3d 

0.2 ± 1.8a 0.5 ± 18.8b 0.7 ± 9.4c 1.7 ± 15.3d 2.2 ± 17.5e 

0·5 ± 5.4ab 0.7 ± 7.1b 0.6 ± 4.2b 1.3 ± 1.6c 0.4 ± 4.7a 

1.0 ± O.Ob 0.4 ± 10.9a 0.4 ± 16.1a 1.3 ± 4.7c 0.4 ± 6.4a 

0.3 ± 3.9a 0.7 ± 32.1b 1.2 ± 28.7c 2.0 ± 23.8d 2.5 ± 13.5e 

1/ General conditions in the greenhouse: temp. 20 - 330 C and RH 40 -
100%. 

2/ Fourteen individuals used at each instar and adult stage. 
3/ Predator/prey ratios.were: (control) 0 predator :.1 prey, 1:1, 1:2, 

1:3, and 1:4 was ratlo c, 1, 2, 3, and 4, respectlvely. 

4/ Means followed by the same letter are not significantly different at 
the 0.05 level of probability (LSD = 0.006). 
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Table 21. Mean consumption of third-ins tar tobacco budworm by each 
N. alternatusinstar and adult with predator/prey ratios 
of 0:1, 1:1, 1:2; 1:3, and 1:4 per four cotton plants in 
the greenhouse. 1 

Nabis Instar2/ 
Adult 

1st 

2nd 

3rd 

4th 

5th 

Adult 

Mean larvae consumed at ratios of: 

0.13/ 1:1 1:2 1:3 1 :4 

0.1 ± 3.6a 0.1 ± ·4.1a 0.2 ± 5.4a 0·5 ± 4.9b 0.7 ± 7.7c 

0.2 ± 17.2a 0.1 ± 10.9a 0.4 ± 8.2b 0.9 ± 8.3c 0.9 ± 11.3c 

0·3 + 1.8a 0.2 ± 18.8a 0.3 ± 9.4a 0.7 ± 15.3b 1.0 :!: 17.5c 

0.1 ± 5.4a 0.5 :!: 7.1b 0.8 ::: 4.2c 1.5± 1.6d 1.7 ± 4.7e 

0.2 :!: O.Oa 0.7 ± 10.9b 1.2 ± 16.1c 1.5 ± 4.7d 2.0 ± 6.4e 

0.3 ± 3.9a 0.6 ± 32.1b 1.2 ± 28.7c 1.4 ± 2).8d 2.2 ± 13.5e 

1/ General conditions of greenhouse: temp. 19 - 340 c and RH 30 - 95%. 
2/ Fourteen individuals used at each ins tar and adult stage. 
3/ The predator/prey ratios were: (control) 0 predator:1 prey, 1:1, 1:2, 

1:3, and 1:4 was ratio c, 1, 2, 3, and 4, respectively. 
4/Means followed by same letters are not significantly different at the 

0.05 level of probability (LSD = 0.006). 
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Table 22. Mean consumption of tobacco budwormeggs by each N. 
alternatus instar and adult with predator/prey ratios 
of 0:1, 1:1, 1:2, 1

1
'3, and 1:4 per four cotton plants 

in the greenhouse. l 

Nabis Instar2/ 
Adult Mean eggs consumec. at ratio of: 

1st 

2nd 

3rd 

4th 

5th 

Adult 

0: 13/ 1:1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

b2 

0 

0 

0 

0 

0 

0.3 

1:3 

0 

0 

0 

0 

0 

0.3 

1 :4 

o 

o 

o 

o 

o 

0.1 

1/ General condition of greenhouse: temp. 20 - 350 C and RH 30 - 80%. 
2/ Fourteen individuals used at each instar and adult. 
3/ The predator/prey ratios: were 0 predator/1 egg, 1:1, 1:2, 1:3 and 

1:4. 

0\ 
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nymphal in~tars, regardless of egg density. The adult con

sumed eggs at the rates of 0.3, 0.3 and 0.1 per day at 

levels 2, 3 and 4, respectively. 

Results of these tests revealed that the third-instar 

NA had a greater potential as a predator at all prey levels. 

The adult and the third-instar appeared to have greater 

searching ability. The first-instar NA has the ability to 

consume prey only at a high density, which indicates that 

this stage of NA lacks searching ability. The fourth- and 

fifth-instars exhibited capabilities similar to those of the 

first-instar. 

Longevity of N. alternatus Adults 
Exposed to Insecticides 

The effect of certain insecticides on adult longevi

ty of NA was studied in the laboratory at 25°C. Longevity 

comparisons were made by placing adults on substrates 

treated with field rates of fenvalerate, Bacillus thurin

giensis (BT) and Elcar (virus), and on sugar-treated surfaces 

serving as controls. Mean longevity was 7.9, 6.7, 5.9, and 

1.3 days, respectively, for surfaces treated with sugar, 

Elcar, BT and fenvalerate. The exposure to fenvalerate 

significantly reduced longevity. 

Dunbar and Johnson (1975) found similar results when 

exposing Cardiochiles nigriceps Viereck, a parasite of the 

TBW, to monocrotophos and BT. The wasps died after 24 hours 
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exposure to monocrotophos but were not affected by BT. They 

also found that the stilt bug's longevity was not decreased 

when exposed in the laboratory to leaves treated with BT. 

Elsey (1973) also tested many insecticides on the stilt bug 

predator and found BT to be non-toxic to these predators. 

Lingren and Ridgway (1967) found that fenvalerate and five 

other insecticides applied to glass surface in the laboratory 

were toxic to Nabis, Orius and Geocoris. These data indi-

cate that predators, in general, are quite compatible with 

microbial insecticides. 

Compatibility of the Predator N. alternatus 
With Different Insecticides 

Compatibility with Fenvalerate 

Results of the various combinations of the predator 

with fenvalerate, fenvalerate alone and a control test to 

evaluate their effects on first-instar TBW are shown in 

Table 2). There was no significant difference between the 

two insecticide treatments (fenvalerate and predator plus 

fenvalerate) but both were significantly different from the 

check. Fenvalerate was effective on TBW larvae and also 

reduced the predator. However, there were significant dif

ferences between mortality after 1 day and that after 2 days 

in both treatments. Fenvalerate showed a greater effect on 

both predator and prey after 2 days. Crowder et ale (1979) 

found fenvalerate to be very effective against the TBW. 

Smith and van den Bosch (1968) found that lower dosages of 



Table 23. Effect of various chemical treatments 
on cotton alo£~ or in combination with 
N. alte~tus / on first-instar tobacco 
budworm after 24 and 48 hours. 

% Mortality 

Treatment 24th 48th 

control 30 + 5.8aA3/ 38 ± 1 ~4bA 

fenvalerate 63 ± 8.2aB 77 ± 2.5bB 

fenvalerate + Nabids 64 + 11.laB 75 ± 1.4bB 

control 20 ± 1.4aA 30 + 1.4bB 

BT 51 + 3.8aB 61 ± 3.8bB 

BT + Nabids 69 + 6.2aC 82 + ',7.6bC 

control 

virus 

virus + predator 

20 ± 1.4aA 

31 ± ,5.2aB 

69 + 6.2aC 

37 + 1.4bA 

41 + 3.8bB 

75 + 10.4bC 

1/ Four adult NA were used for each treatment. 

2/ Forty first-instar larvae were used per treat
ment. 

3/ Mean mortality followed by different letters 
(small letter'in rows and capital letter in 
columns) indicate' significant difference at 
the 0.05 level of probability (LSD = 0.01). 
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chemical insecticides were toxic to the natural enemies. 

Keever, Bradley, and Ganyard (1977) found that Dimilin re

duced Nabis and other predators in cotton fields. There

fore, it was shown that the pyrethroid had a greater effect 

on TBW, but at the same time also affected the predator 

Nabis. Since fenvalerate affects predators, it is necessary 

to select the best time for its use. It is also necessary 

to be selective in the type of chemical used in combination 

with predators in an IPM program to control the TBW. 

Compatibility of N. alternatus with BT 

Mortality of first-instar TBW in field cages with BT 

alone and with BT and NA is shown in Table 2). There was 

a significant increase in mortality where the combination 

was used as compared with the use of BT alone. Both were 

significantly better than the untreated check. Results 

from this study indicated that the predator was not affected 

by BT and that it can be used effectively in combination. 

The mortality rate of the TBW was significantly 

higher after 2 days than after 1 day. Results of these 

tests support the potential of using a microbial insecti

cide to augment naturally-occurring predators for effective 

control of the TBW. This might delay or eliminate the need 

for broad-spectrum insecticides which would eliminate the 

natural enemies of the TBW and other pests as well. 



Compatibility of N. alternatus with Virus 

A comparison of TBW virus used alone with that of 

the virus in combination with'NA is shown in Table 23. 

There was a significant difference between the mortality 

rate of the TBW when treated with virus alone and when sub

jected to the combination of virus and predator. The treat

ment of virus in combination with the adult predator reduced 

more firsi-instar TBW larvae than did the virus alone. The 

virus apparently had no effect on the adult NA. Reduction 

of TBW was significantly greater after two days than after 

one day. As with the NA/BT combination, this combination of 

virus and predator appears to act in a similar manner and 

offers a good biological control approach to controlling the 

TBW. 

The compatibility tests of NA with fenvalerate, BT 

and virus revealed different effects on survival of the TBW. 

The combination of adult stage NA with microbial agents 

(virus, BT) was more effective than the chemical insecti

cide fenvalerate, as fenvalerate also affects the predator 

more than does BT or virus. Wilkenson et al, (1975) re

ported similar observations. They reported that the mortal

ity of parasitoids and predators exposed to BT and NPV was 

4% as compared with chemical insecticides and pyrethroid 

at 31%. 



These studies determined the adult stage NA to be 

more effective when combined with virus than with BT. 
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Oatman et al. (1970) reported the virus to be more effective 

than BT on the corn earworm. The evaluation of the adult NA 

for use as a biological agent against the TBW was encour

aging. By minimizing the application of insecticides and 

using periodical releases of NA, a greater level of effec

tiveness will be ahieved in the field. 

Starvation Test 

The average longevity of the adult NA on different 

food sources at different temperatures is reported in Table 

24. A significant difference in the longevity of NA was 

indicated when provided with green beans, sugar or no food, 

Living longer on sugar than on either green beans or with

out food. 

The adult NA lived longer on cotton plants than 

without food. This is apparently due to the fact that when 

feeding on cotton plants in the greenhouse, the plant pro

vided the necessary moisture for greater survival. 

A significant difference was shown regarding the 

longevity of the NA at different temperatures. The predator 

lived longer on different foods at a temperature of 20 0 C 

than at 25, 30, or 35°C, respectively. 

Both temperature and food affected the longevity of 

NA. These results provide guidelines for use in field

release programs. 



Table 24. 

Host 

Effect of temperature and food on longevity of adult 
lie alternatus1/at controlled temperatures of 20, 25, 
30, and 35°C, and under greenhouse conditions 
(temperature of 20 - 330 C and RH 32 - 85%). 

Mean longevity at indicated temperature (OC) 

20 25 30 35 

green bean 6.7 ± O. 8cB2/ 4.5 ± 1. 3bA 4.1 ± 1.1 bB 2.6 ± 0.9aB 

sugar solution 17.6 ± 4.8dC 11. 6 ± O. 9cB 7.6 ± 2.7bC 6.0 ± 2.7aC 

no food 5.1 ~ 1.1dA 4.1 ~ O. 5cA 2.3 ± 0.4bA 1.4 ± 0.6aA 

cotton plant 

1/ Ten adult Nabids used per treatment. 

2/ Means followed by different letters (small letter in rows and 
capital letter in columns) indicate significant difference at 
the 0.05 level of probability (LSD = 0.05). 

GH 

3.6 ± 0.4 
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CHAPTER 5 

CONCLUSIONS 

N. alternatus proved to be more effective on early 

instars of TBW larvae in laboratory and field tests. The 

adult stage of NA was shown to be the most effective stage 

on first-instar TBW. Predation tests in the laboratory and 

greenhouse indicated that all stages feed on first-, second-, 

and third-instars, but not on fourth- and fifth-instars. 

Size of the larvae appeared to be an important fac

tor relative to evasive or defensive actions in response to 

predator attack. Therefore, predation was decreased as lar

val size increased, while larval mortality increased as 

predator age increased. Both adult and nymphal NA. although 

effective against early instars of TBW, were not effective 

on eggs. 

Certain environmental factors were important in the 

developmental rate, survival and amount of predation by this 

predator. Laboratory tests concerning the effect of tempera

ture indicated that JOoC was the best temperature for survi

val, development and predation on the different instars of 

TBW. Therefore, this temperature would probably be the best 

for mass rearing and field release programs. Populations of 

NA in the field were very high at the beginning of September 

68 
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when the temperature was between 30 to 35°C in Arizona (Stoner 

et ale 1975); these laboratory data support their findings. 

The predator/prey-ratio test was very important in 

the selection of the best ratio of predators to be released 

in the field and to show the searching ability of each stage 

of NA. The hypothetical predator/prey-ratio required test

ing at various levels of host population in order to deter

mine the best ratio for a control program. In the test with 

variable predator/constant prey level, the data indicated 

that as the predator level increased, the TBW populations de

creased. 

Artificial conditions limited the amount of data ob

tained. A ratio of 5,000 predators/acre (2 predators/10 

prey) reduced the TBW population in the field by 87%. 

These data permit the development of a release program com

mensurate with varying levels of budworm in the field. 

These studies indicated that first-, second-, fourth-, and 

fifth- NA instars preferred a high density of TBW infesta

tion. These instars appeared to have a low prey-searching 

ability, but the third-instar and adult exhibited a higher 

prey-searching ability and consumed or reduced more of the 

TBW population. However, the predator/prey-ratio test indi

cated that the adult NA would be the most effective predator 

in the reduction of the early-instar TBW in the field, 

mainly from its ability to reduce the TBW population in all 

ratios of prey. 
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Compatibility of the predator with other controls 

was very important in successful biological control of the 

TBW in the field. Compatibility of the NA with microbial 

insecticides showed that the efficiency of the adult NA with 

BT and Elcar (virus) against first-instar larvae of TBW in 

the field. The data indicate that the adult NA is a good 

biological agent and can be utilized in the field with other 

biological agents to reduce an increasing population of TBW. 

Effectiveness of NA in reducing TBW populations was 

nullified when used with a synthetic organic insecticide 

because of the adverse effect of the insecticide on the pred

ator. Therefore, we need selective chemicals to use in a 

biological control program against the TBW. There are usu

ally other natural enemies present in the cotton field which 

help to reduce the number of NA needed to control the TBW. 

This and other biological control agents will probably be of 

greatest benefit during the early stage of TBW infestation, 

causing a delayed need for broad-spectrum insecticides to 

manage TBW populations. 
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