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FIELD EXPERIMENTS ON THE EFFECTS OF INSECTICIDES^
VERNON M. STERN AN D  ROBERT v a n  den BOSCH

W h e n  t h e  sp otted  a lfa lfa  aph id , Therioaphis maculata (B u c k to n ), ap ­
peared in  C aliforn ia  in  1954, the sta te  was faced  w ith  a serious agricultural 
problem , for th is  in sect th reaten ed  the very  ex istence o f th e  great a lfa lfa  
in d u stry . A lfa lfa  is a basic ag r icu ltu ra l crop in  C alifornia , w ith  an annual 
p la n tin g  o f w ell over a m illion  acres. I t  is the fou n d ation  o f  the state's 
trem endous dairy  and livestock  in d u stry  as w ell as the m ajor source of seed 
for ou t-of-state consum ers. M oreover, it  is  a key  crop in  th e  various crop 
rotation  system s em ployed th roughout the state.

V ery  qu ick ly  a fter  the estab lishm ent o f the aphid, research w as in itiated  
to find and develop a lfa lfa  var ie tie s  resistan t to aphid attack , and a search 
was undertaken in  the Old W orld  for  parasites and predators o f th is  new ly  
in trodu ced  a lfa lfa  pest. S im u ltan eou sly , an insectic ide evalu ation  program  
w as in itia ted  to find  m aterials w hich  w ou ld  control th is  new  a lfa lfa  pest 
at reasonable cost and also m eet residue tolerance regu lations on a lfa lfa  hay.

In  th e  em ergency situation , parath ion , m alathion, and T E P P  filled the 
requirem ents for the badly needed insecticides. There can be no doubt that 
even though  these m aterials were not the final answ er for chem ical control 
o f the aphid, th ey  prevented  w idespread  devastation  to C alifornia's great 
a lfa lfa  in d u stry  in  the early  m onths of the em ergency.

E xp erim en tation  w ith  in sectic ides d id  not end w ith  the adoption  of 
parathion  and m alathion as chem ical control m easures. E a r ly  in vestiga­
tions ind icated  th a t even though  th ey  gave excellen t aph id  control, they  
also appeared to  be h igh ly  d estructive to n ative natural enem ies o f the 
aphid, p articu lar ly  coccinellids. T his factor  became str ik in g ly  ev id en t at 
H in k ley , C alifornia , during the late sum m er of 1956 w here it  w as found  
that the aphid had developed a low  degree o f resistance to certain  organo- 
phosphorus in sectic ides (S tern  and R eynolds, 1958). In  su rvey in g  the area 
w here resistance had  developed and 'growlers had repeated ly  treated  their  
fields, it  w as in variab ly  fou n d  th at n atu ra l enem ies of the aph id  had been  
la rge ly  elim inated  b y  spray m aterials. T h is was an extrem ely  alarm ing  
situ ation  and c lear ly  revealed the inheren t danger in  a pest control strategy  
in  w hich  tota l reliance was p laced  on chem icals, especia lly  w here the chem i­
cals w ere of ind iscrim inate to x ic ity . In  the absence o f  b io logica l checks, 
the resistan t ap h id s freely  m u ltip lied  to  trem endous num bers and caused  
severe dam age to  the a lfa lfa  despite the frequ en t chem ical treatm ents.

A n a lysis  of th e  H in k ley  situ ation  c learly  indicated  an im perative need  
for an insectic ide that w ould g ive  adequate aphid control and also allow  
the n ative  predators to survive treatm ent. In  addition, the aphid  parasites  
Praon palitans M ues., and Trioxys utilis Mues., brought into C alifornia  
from  th e Old W orld , had becom e established in several areas (van  den  
Bosch, 1956, and van den Bosch, Sch linger, and D ietrick , 1 957 ). P re lim ­
inary  stu d ies ind icated  both to  be h ig h ly  prom ising enem ies of the aphid. 
I f  th ey  were to  atta in  their  fu ll  p oten tia l as b iological control factors
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aea in st the aphid, th ey  w ou ld  also have to survive any  necessary chem ical 
treatm ent to a considerable degree. W h at w as-n eed ed  w as a control pro- 
ffram in  w h ich  chem ical and biological control w ou ld  com plem ent one 
another. In  such a relation  the native and introduced enem ies surviv ing  
treatm ent w ou ld  rem ain in  the treated area to attack any a p h i^  not killed  
by the insecticide application  or those m igrating  into  the field a lter  the  
insecticide had broken dow n. The preservation  of enemies^ o f the aphid  
in  the treated  area w ould thus serve to  prolong the effectiveness ot the 
chem ical. P arasites and predators o f other in sect pests w ould also survive  
treatm ent and continue to attack their  hosts either in  a lfa lfa  or on other  
ad jo in in g  crops. M oreover, w ith  increased chem ical control on a lfa lfa , con­
sideration  had to be g iven  to the p ossib ility  that the extensive use of the  
w id ely  tox ic  insecticides, parathion and m alathion, m ight cause resistance  
to  develop in a w ide var ie ty  o f other insect p ests freq u en tly  fou n d  in  a lfa lfa  
fields, w hich, though not necessarily  dam aging to a lfa lfa , m ight become 
resistance problem s in  other crops.

N um erous com pounds were evaluated  in  the research program  to find a 
selective in sectic ide for aphid  control. M any w ere never tested  in  the field 
because research on other crops stronigly suggested  th ey  w ou ld  never m eet 
residue tolerance regu lations on a lfa lfa  hay. In  addition , because o f the 
sm all m argin  o f profit per cu ttin g  o f a lfa lfa , a num ber o f com pounds were 
discarded ow ing to their  h igh cost. E v en tu a lly  five m aterials, parathion, 
m alathion, T rith ion, Phosdrin  and S ystox , were selected for  a  thorough  
an alysis o f their effect on the aphid  as w ell as on enem ies o f the aphid.

GENERAL EXPERIMENTAL METHODS
A lfa lfa  grown fo r  hay  (or  seed) proved to be a h igh ly  desirable m edium  for 
testin g  the rela tive tox ic ities  o f  insecticides to  beneficial insects, for i t  is 
norm ally o f un iform  grow th and is o ften  inhabited  by large populations  
o f beneficial insects, w hich are re la tively  easy to sam ple. In  the experim ents  
a var ie ty  o f designs, p lot sizes, locations, in sectic idal m aterials, and app lica­
tion  m ethods w ere used.

The m ethod o f  eva lu atin g  the effect o f  each com pound on the aphid  was 
the same in  a ll tests. S in g le  a lfa lfa  stem s were cut ju st above ground level 
and the liv in g  im m ature apterous and ad u lt aphids on them  were counted. 
In  m ost tests, treatm ents w ere replicated  4 tim es in random ized p lots and  
25 a lfa lfa  stem s were exam ined in  each replicate to g ive  100 stem s per 
treatm ent. E ffectiveness o f a m aterial or dosage w as determ ined by the 
reduction o f aphids in  the treatm ents as com pared w ith  the untreated  check.

Two sam p ling  m ethods were used  to determ ine the effect o f the in secti­
cides on beneficial insects, these being (1 )  counts o f beneficial insects in  
square foo t areas, and (2 )  counts o f insects collected by sw eeps o f the stan d ­
ard insect sw eep ing net (handle, 26 inches lon g; hoop, 15 inches in d i­
am eter; Ind ian -H ead  cloth bag, 24 inches d eep ). The square foo t sam pling  
m ethod w as em ployed d u rin g  cold w eather (w in ter) when the a lfa lfa  w as 
short and the insects re la tively  inactive and sheltering  near the ground. 
Sw eep sam p ling  w as used d u rin g  the warm  m onths when the insects were



h ig h ly  active in  the v igorou sly  grow ing a lfa lfa . In  m ost eases thp • i
insects w ere counted  in  the field a t the tim e of sam pling. W hen th is w «

em ptied into p i n t l e
t h e r c o u n S '  “  refrigeration  and

W ith  the exception  o f  tw o airp lane tests (nos. 6 and 8 ) ,  a ll sprays were 
app lied  a t a pressure o f 60 pounds per square inch w ith  a ground sprayer  
equipped w ith  no. 4 X  hollow -cone nozzles arranged 18 inches apart for  
broaacast spraying.

PRELIMINARY STUDY
E a r ly  in vestigation s by van  den B osch, R eynolds, and D ietrick  (1956)  
show ed parathion to be h igh ly  tox ic  to certain  predacious insects in a lfa lfa . 
W hen the spotted  a lfa lfa  aphid developed a low  degree o f  resistance to 
organophosphorus com pounds at H ink ley , C alifornia, it  w as noticed that 
w here parath ion  was repeated ly  applied , the a lfa lfa  fields were essentia lly  
barren o f  arthropods except resistan t spotted  a lfa lfa  aphids and certain  
spiders. In  addition, net sw eeps taken d u rin g  the sum m er o f  1956 in  
parathion-treated fields showed that the com plex of insects norm ally in ­
h ab itin g  a lfa lfa  fields w as d rastica lly  depleted. To carry these general ob­
servations further, a  prelim inary  survey  w as m ade in  the M ojave D esert 
to gath er num erical data on the relative abundance o f  predators in  a  field  
repeated ly  treated  w ith  parathion as com pared w ith  a field which had been 
untreated  fo r  about five m onths prior to sam pling. The treated a lfa lfa  
field w as sprayed tw ice by ground equipm ent during  A u gust, u sin g  4 ounces 
o f parath ion  per acre. I t  w as treated  tw ice in  Septem ber and tw ice in Oc­
tober, u sin g  6 ounces o f  parathion per acre. B efore the survey was made, 
a num ber of m oderate frosts occurred in  th e  M ojave D esert w hich stunted  
grow th o f  the a lfa lfa . This factor, p lu s retarded insect activ ity , m ade sweep  
sam p ling  im practical. Thus, the relative abundance o f  beneficial insects in 
both fields w as m easured b y  sam p ling  random  square-foot areas as the

Ta b le  1

R E L A T IV E  A BU N D A N CE O F  PR E D A T O R S IN  A H E A V IL Y  T R E A T E D  AND 
U N T R E A T E D  A L F A L F A  F IE L D  IN  T H E  M O JA V E  D ESER T, 

C A L IFO R N IA , L A T E  OCTOBER, 1956 
Ten square-foot samples were taken  in each field

Sample field
CoccineUid

spp.
Geocori* sp. Ontta ap. Anthocorid

«p.
C o U o p tsp. Average 

number oJ 
aphids 

per stem
A* L A N A N A N A L

Repeated parathion
0 - 0

M t-1
2—6

29—37
0—0

10-8
0 - 0
9—22

1-12
0—36

26
1.0

Untreated.........................

? i  m iX o P u r .t k .n  GuSrin; H .  LeConte:

and October ounces per acre).
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the untreated  field. C orrespondingly, f  evidence from
dant in  the treated  field as in  the untreated  field, o f t r e  in d ^
the prelim inary survey, supported  by  the earlier
crim inate tox ic ity  o f parathion and by field observations d u rin g  the sum mer 
of 1956 it  w as apparent th at w hen h eavy repeated applications p 
t L n  w efe  m ade for  aphid  control, the a lfa lfa  fields w e r e  litera lly  de- 
faunated . U nder such conditions d ispersing  a la te  aphids could m igrate into  
such b iotic  vacuum s and reproduce exp losively , lead in g  to a treadm  1 
insectic idal treatm ent and eventual w idespread resistance o f the aphid  
organophosphorus insecticides.

EXPERIMENTAL PROGAM
T est N o. 1. F o llow in g  the prelim inary  su rvey  ju st discussed, an experi­

m ental program  w as undertaken to find a selective insecticide. The first o f a 
series o f field tests  w as conducted near L ancaster, on the w estern edge o f the 
M ojave D esert, on Novem ber 17, 1956. T his experim ent w as conducted to 
determ ine the effect o f a num ber of insectic ides on a h eavy in festa tion  of the  
spotted  a lfa lfa  aphid and a com plex o f associated coccinellid  species. Each  
treatm ent w as replicated  five tim es, w ith  each p lo t b ein g  68 feet long and 30 
fee t w ide. The a lfa lfa  w as 6 to 8 inches ta ll. T reatm ents w ere evaluated  
betw een 48 and 72 hours a fter  application  and on the six th  day a fter  treat­
m ent. The data are sum m arized in table 2.

T a ble  2
G R O U N D -E Q U IPM E N T  SPR A Y  T E S T S  O F T H E  T O X IC IT Y  OF SEV ER A L 

IN S E C T IC ID E S  TO A D U LT CO CCIN ELLID S* IN  A L F A L F A  N EA R  
LA N C A STER , C A L IFO R N IA , ON N O V EM B ER  17, 1956 

15 square-foot sam ples per trea tm en t

Material Toxicant 
per acre

Coccinellids a t  2 in tervals a fter trea tm en t

2-3 days 6 days

N um ber
alive

Num ber
dead

Per cent 
m ortality

N um ber
alive

N um ber
dead

Per ceftt 
m ortality

P a ra th io n ................, ............................ 8.2 02. 4 58 94 92 HO 60
Syatox................................................... 6.2 oz. 42 44 61 92 51 36
Schradan................................................ 16.6 02. 69 20 23 179 26 13
P y re th ru m f........................................... 1.6 pts. 73 24 25 204 21 9
R o tenonel.............................................. 1 qt. HI 20 15 139 22 14
U ntreated ............................................... 18 3 15 177 23 12

• A mixed population comprised of Hyppodamia convergent, H . quinquengnata punctidata, H. parenthetit, 
and H. tinuafa.

t  B y  w eight' pyrethrina 1.4%. m ineral oil 23.6%, pine oil 45%.
t  By w «gh t: rotenone 2.fi%, o ther cube renins 2.5%. ethylene glycol oleic esters 45%.



- o n ,  the

clusters. Day te„.peratur;s were low and W t  aTtL[tT“ e
w ould cra'™ftom'?he^^■?^^^ «'>««in«Hids
r z i t  + r  I «"to tl>e a lfa lfa  stem s. There they  would
a S  A.7hl f" " f *  the spotted a lfa lfa

itter. Coecmellids were sampled by countinpr the live and dead adults
w .th in  random ly selected square-foot areas. The first sam ple w as started
48 hours a fter  application  and com pleted 72 hours a fter  treatm ent. In
saraplin^^, a square-foot fram e w as east a t random  u sin g  three such ran-
dom ized subsam ples in each replicate or a total o f 15 sam ples per treatm ent.

he d isadvantage in easting- the square fram e w as th at i t  freq u en tly  landed
between a lfa lfa  clusters. In such cases, there w ere u su a lly  no lad y  beetles
m  the sam ple. T his occurred quite often , particu larly  in  the untreated  plot
on the first sam p lin g  period, w hich accounts for the low  num ber o f  beetles
in  th at sam ple. On the second sam p lin g  date, 6 days a fte r  application , the
sam p ling  m ethod w as changed som ew hat so th at i f  m ore than three fourths
o t the square-foot fram e enclosed barren ground, the fram e w as recast. This
tended to increase the num bers o f la d y  beetles taken on the second sam p lin g
day. A n  add itional increase m ay have been from  some beetles m igrating
into the p lo ts from  an ad jo in in g  field w here th ey  had essen tia lly  elim inated  
the aphid  food supp ly.

The data  in table 2 show th at parathion applied  a t 8.2 ounces per acre 
was m ore toxic to the coccinellids than S ystox , schradan, pyrethrum , or 
rotenone. In  com parison w ith  tests  conducted later in  the investigations  
(sum m er, 1957) the relative to x ic ity  o f parathion to  coccinellids in  th is test 
w as not as high as w hen th is  m aterial w as app lied  at lower dosages. The 
reason fo r  th is difference appears to be th a t in the test under discussion,

T a b l b  3

KESTJLTS O F  SP R A Y  T E S T S  A P P L IE D  B Y  GROUND E Q U IP M E N T  FO R 
T H E  CONTROL O F T H E  S PO T T E D  A L F A L F A  A P H ID  ON A L F A L F A  

A T LA N CA STER, C A L IFO R N IA , N O V E M B E R  17, 1956

Afaterial

A m ount per acre
In terv a l between trea tm en t and  sam pling

2-3 days 6 days

Toxicant Gallons

N um ber nf 
apterous 
aphids 

per 
126 stems

Per cent 
reduction 

from  
untreated  

p lot

Num ber of 
apterous 
aphids 

per 
126 stem s

Per cent 
reduction 

from 
untreated  

p lot

Parath ion  .............................................. S.2 oe. 1 1 .5 m 93 186 97
Systox ...................................................... 6.2 02. 11.5 0 100 3 99
Schradan ................................................. 16.2 oz. 11.6 582 92 318 94
P yrethrum *........................................ 1.8 pt«. 1 1 .5 4.0S1 44 2,573 52

R o ten o n e t............................................... 1 q t. 11,6 4,292 42 2.850 47
U ntreated .................................... ........... 7,338 6,331

•  B y  weight: pyretbrins 1.4% , m ineral oil 23.6%, pine oil 46%. 
t B y  weight: rotenone 2.6% . other cube reains 2.6%. ethylene glycol oleic esters 45%.
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many of the beetles were under the ground litter when the materials were 
applied and many probably did not crawl onto the plants and contact the 
toxie residue. Nevertheless, Systox applied at the heavy dosage of 6 2
per acre had far less effect on the beetles than parath ion ,“whUe so h r a d a r  
pyrethrum , and rotenone had still less. urdaan,

A p hid  control in  th is  test varied. The data are sum m arised in  table 3. 
b y sto x  app lied  at 6.2 ounces per acre essen tia lly  elim inated  the aphids. 
Control w ith  parathion and schradan w as s lig h tly  less effective, w hile pyre- 
thrum  and rotenone gave m ediocre control.

T est N o. 2. On D ecem ber 3, 1956, insecticides were app lied  b y  ground  
equipm ent on a lfa lfa  at Therm al, C alifornia, m  the Coachella V alley . This 
experim ent w as conducted to determ ine the relative tox ic ity  o f a num ber of 
insecticides to the spotted a lfa lfa  aphid and to a variety  o f  predator species in  
a lfa lfa . Three sprays and one dust m ixture m aterial w ere applied . The a lfa lfa  
w as about 16 inches ta ll at tim e o f  treatm ent and each treatm ent w as rep li­
cated five tim es. The effects o f the m aterials on the predator species were 
evaluated  1 and 3 days a fter  application  by sampling- w ith  a standard insect 
net. F orty  180-degree sw eeps w ere m ade in  each replicate, or a tota l o f 200  
sw eeps per treatm ent. The sw eep ings from  each rep licate were placed in  p in t  
ice cream  cartons, brought into the laboratory and h eld  at 35° F  u n til 
counted the n ext day. The data are sum m arized in  table 4.

T w enty-four hours a fter  application , coccinellids, syrphids, Nabis sp., 
Orius sp., Chrysopa sp., and Sinea sp., were largely  elim inated from  the 
plots treated  w ith  4.4 ounces o f parath ion . Systox , schradan, and the pyre- 
thrum -rotenone dust m ixture were far  less tox ic  to the predators. Seventy- 
tw o hours a fter  treatm ent, the predator popu lations w ere s till very low  in  
the parath ion  p lots. On the other hand, S y sto x  app lied  a t 2.5 ounces per 
acre caused little  or no reduction in  predators (excep t syrp h id s) in  com ­
parison w ith  the untreated plots.

The effects of the m aterials on the aphid  were evaluated  1, 3, and 8 days  
a fter  application . The data are sum m arized in  table 5. T w enty-four hours 
a fter  treatm ent, Systox  applied  at 2.5 ounces per acre gave satisfactory  
aphid  m ortality . R esu lts were very  poor w here parathion, schradan, and 
the pyrethrum -rotenone dust m ixture were applied . The Coachella V alley  
is an  area w here the aphid had developed a low  degree of resistance to  
organophosphorus com pounds (S tern  and R eynolds, 1 958 ), w hich accounts 
for the m ediocre kill w ith  parathion. E ven  though schradan and the pyre- 
thrum -rotenone dust m ixture w ere re la tive ly  nontoxic to beneficial insects, 
further evaluation  o f these m aterials w as d iscontinued because of their  
m ediocre effect on the aphid in  the test under discussion. I t  m ay be noted  
th a t in  test no. 1, at L ancaster, schradan gave satisfactory  aphid  m ortality  
w hen app lied  a t 16.2 ounces per acre. H ow ever, the cost o f treatm ent at 
th is dosage w ould be prohib itive on a lfa lfa  hay.

T est N o . 3. A fter  analyzing  the data from  Lancaster (test no. 1) and  
Therm al (test no. 2 ) ,  it seem ed evident that S ystox  w as fa r  less tox ic  to 
beneficial insects than parathion. The Therm al experim ent and the work 
of R eynolds and A nderson (1955) and B ieberdorf and B ry a n  (1956) 
showed th at S ystox  gave satisfactory  aphid control w hen applied  at 2 to 4
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ounces per aere b y  ground equipment. At this dosage however the orosn. .

other materials then registered for use against the spotted
mIt!rtr t K®’’l  '•educed if this promisingmaterial was to be brought into the spotted-alfalfa-aphid control picture
A ccordingly , a  prelim in ary  test u sin g  S ystox  at low  dosages (0  9 and 1 4
ounces per acre) was conducted on alfalfa at Hemet, California, on Feb-
ruary 5, 1957. A  variety  o f m aterials in  addition  to S ystox  were also tested
on this date. The alfalfa was about 10 inches tall and the treatments were
rep licated  fo u r  tim es. E ach replicate w as 90 fee t lon g  and 30 feet w ide
The m aterials w ere evaluated  1, 3, and 7 days a fter  application . The data
are sum m arized in  table 6.

S ystox  w as applied  a t tw o dosages, 0.9 and 1.4 ounces per acre, and both 
gave 99 per cent aphid m ortality  1 day  a fter  application . P arathion , used  
as a standard com parison m aterial and applied  at 3.1 ounces per acre also  
gave 99 per cent m orta lity  1 day a fter  treatm ent. There was little  i f  any  
alate aphid d ispersal in the area d u rin g  the testin g  period and the excel­
len t control w ith  S ystox  and parath ion  continued throughout the exp er i­
m ent. A p h id  m orta lity  w ith  S ev in  and C-140 (th e  hydrochloride sa lt of 
the dim ethyl-carbam ate o f  o-dim ethylam inophenol) w as m ediocre 24 hours 
after  application . B u t by the th ird  day  after  app lication  the aphids had  
decreased grea tly  in  both of these treatm ents and 7 days a fter  application  
the p opu lation s were at low  levels. The num ber o f aphids in the untreated  
plots also decreased d u rin g  the same period, how ever, and thus the aphid  
reduction  in the p lots treated  w ith  Sevin  and C-140 m ay have been only  
partia lly  due to  the effects o f the com pounds.

F o llo w in g  the very  prom ising perform ance o f the low  dosage o f S ystox  
in  the H em et test, another experim ent w as conducted at C alipatria, Im ­
perial C ounty, C alifornia. In  th is  test, S ystox  w as app lied  at 0.4 and 0.9 
ounce per acre. P arath ion , used as a  standard com parison m aterial, was 
app lied  at 4.2 ounces per acre. B oth  dosages o f S ystox  and the parathion  
gave satisfactory  control 24 hours a fter  application .

T est N o. 4. D u rin g  the course o f  the investigations, tw o prom ising new  
m aterials, T rith ion  and P hosdrin , had been tested  for aphid  control (S te m  
and R eynolds, 1957) and were registered  for use on a lfa lfa  h ay  or seed  
in  C alifornia. S ince the relative tox ic ities to  beneficial insects o f these m a­
ter ia ls  and also o f m alathion w ere n ot know n, it  w as necessary to include  
them  in  a series o f com parisons w ith  S ystox . A ccord ingly , on M arch 28, 
1957, the first o f  a series o f such experim ents was conducted at H ink ley , 
C alifornia , in  the M ojave D esert. Sprays w ere app lied  by  ground r ig  when  
the a lfa lfa  wfis about 18-in ch es ta ll. E ach  treatm ent w as rep licated  four  
tim es. E ach  replicate w as 325 feet long and 30 feet w ide. To test the effect 
o f the m aterials on beneficial insects, the p lo ts were sam pled w ith  a stan d ­
ard sw eep n et 10  m inutes a fter  app lication  and at 24 and 48 hours a fter  
treatm ent. The 10-m inute posttreatm ent sam ple was m ade to determ ine 
w hether predators suffered ouick  knockdown or w hether the in sectic ides had  
a  reT)ellent effect on the adults. In  a ll sam ples, 30 sw eeps were taken in each 
rep licate or a to ta l o f 120 sw eeps p er  treatm ent. The first sam ples taken 10
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m inu tes a fte r  each specific m aterial w as anDlipH wpr« a ■ 
cream cartons and brougrht into the laboratory. The loose S f e  llveft' 
and other debris were taken out of the net before S g  t t  LecTs hi 
cartons. One or two untreated alfalfa sprigs were tLn piLed in Taeh carton 
w hich w as then covered w ith  cotton gauze.

sampled near the middle of the treatment schedule
eatments were started at 10 o’clock in the morning. Malathion was first 

applied and sampled, and then parathion, Phosdrin, Trithion, and the low 
and high do^es of Systos were applied and sampled. The untreated plots 
w ere sam pled a fter  the T n th io n  treatm ent an d  sam pling. The la st trea t­
m ent, the h igh  dosage o f S ystox , w as ap p lied  at 12:30 p.m. The 10-m inute  
sam ples w ere brought in to  the laboratory and exam ined 8 hours a fter  
treatm ent, a t  w hich tim e the num ber of liv in g  and dead predators was 
recorded. The sum m arized data are shown in  tab le 7.

P arath ion , m alath ion  and Phosdrin  applied  a t 3.8, 9.5 and 1 ounce per  
acre, respectively , had  k illed  essen tia lly  a ll the coccinellid  adu lts and larvae  
w hen the 10-m inute sw eep sam ples w ere recorded 8 hours a fter  application . 
I t  is  in terestin g  to  note that a sm all sam ple o f  a d u lt coccinellid s w as taken  
w here P h osd rin  w as app lied , the reason being that th is m aterial g ives a 
near instantaneous knockdown o f  the lady-beetle adults. The h igh  suscep ti­
b ility  of coccinellids to  Phosdrin  w as n oticed  in  earlier  tests  w hen th is  m a­
teria l w as being  eva lu ated  for  spotted  a lfa lfa  aph id  control. H igh  m ortality  
o f  ad u lt Chrysopa sp. an d  Nahis sp. occurred in  the m alathion, parath ion  and  
P hosdrin  treatm ents. In  addition, low  num bers o f  adu lt and nym phal 
Nabis sp . w ere collected  w here these three m aterials w ere applied  in  com ­
parison  w ith  the check. Orim adu lts an d  Nab is adu lts an d  nym phs were 
also collected  in  low  num bers w here T rith ion  w as app lied  a t 11.6 ounces 
per acre, w h ich  su ggests a  rap id  knockdown o f these species. Sam ples of  
coccinellids taken from  the S y sto x  treatm ents (0.7 an d  1.5 ounces per acre) 
w ere low er th an  those taken from  the untreated  p lo ts  b u t of th e  coccinellids  
collected n ear ly  a ll were alive w hen the 10-m inute sam ples w ere observed  
and recorded 8 hours a fter  application.

T rith ion , one of the new  m aterials app lied  at a h igher dosage th an  re­
quired  to  control nonresistan t aphids, caused  m oderate m ortality  o f coc­
cin ellid  adu lts and larvae, Geocorus adults, and syrphid  ad u lts  and larvae. 
H ow ever, sam ples taken 24 and 48 hours a fter  application  in th is and in  
subsequent tests  show  th at Trith ion is  quite toxic to  beneficial in sects w hen  
app lied  a t dosages o f  7.3 ounces per acre an d  above, b u t the m aterial ap ­
parently  requires a t least 24 hours before its  effects are fu lly  realized.

The p lo ts  w ere n ex t sam pled fo r  the relative abundance o f predators 
24 and 48 hoiirs a fter  application . On these tw o days, a strong cold  w ind  
w as blow ing, a freq u en t occurrence in  the M ojave D esert d u rin g  the spring. 
T his accounts for the low  num bers o f predators obtained as com pared w ith  
the 10-m inute sam ple on the day of application . The sum m arized data from  
the 24- and 48-hour sam ple appear in  table 8.

T w enty-four hours a fter  application, parathion , m alathion, T rith ion , and  
Phosdrin  ap p lied  at 3.8, 9.5, 11.6 and 1 ounce per acre, respectively , had  
v irtu a lly  elim inated  the entire com plex o f entom ophagous species. B y



com parison, th e  beneficial species were s till abundant in  the tw o S ystox  
treatm ents (0.7 and 1.5 ounces per acre) and in  the untreated  p lot. M ore­
over, o n ly  a few  m iscellaneous in sects and sp iders were collected  in  the  
sw eep ings taken from  the p lo ts  treated  by  the four w id ely  tox ic  m aterials, 
p articu larly  parathion and m alathion.

In  the p lo ts  treated  w ith  P hosdrin  a  num ber o f adult lad y  beetles were 
collected. P hosdrin  is a h igh ly  unstable com pound and its  toxic action  is 
quick ly  lost. In sects m igratin g  into  the treated  area a short w h ile after  
app lication  appear to be unharm ed. The area concerned in  th is experim ent 
w as sm all and adjacent to large untreated  areas. I t  is  probable th at the  
a d u lt coccinellids sw ept in  the Phosdrin  p lo ts  24 and 48 hours a fter  ap ­
p lica tion  had m igrated  in  soon a fter  application . I f , as a later test shows, 
Phosdrin  is app lied  over a w ide area, beneficial insects are reestablished  
fa r  less rapid ly .

S ystox  appeared to  e lim inate a  m oderate num ber of the coccinellid  adults  
b u t the larvae surv ived  in  greater num bers. This m aterial appeared to have  
l it t le  effect on the other predators in  the experim ental area. In  th is and in  
another test, the low er dosage o f S ystox  appeared to be m ore tox ic  to  
coccinellids than  the h igher dosage. This is  fe lt  to be a reflection o f p lo t or 
sam p lin g  varia tion , there probably being no great difference in  m orta lity  
betw een 1 and 1.5 or 2 ounces per acre.

In  add ition  to  testin g  the effect o f the various m aterials on beneficial 
insects, the sp rays w ere tested  for  their effect on the aphid, the m ain in ter­
est b e in g  in the effectiveness o f the low  dosages o f Systox. The data  are 
sum m arized in  tab le 9.

A p h id  p opu lation s at H in k ley , C alifornia, are resistan t and the m aterials  
had a variable effect on the aphid. T w enty-four hours a fter  application, 
m alathion, P hosdrin , and the low  and h igh dosage o f S ystox  applied  at 
9.5, 1, 0.7 and 1.5 ounces per acre, respectively , gave satisfactory  aphid  
m ortality . P arath ion  and T rith ion  applied  at 3.8 and 11.6 ounces per acre,

T a ble  9

E F F E C T IV E N E S S  O F V A R IO U S IN S E C T IC ID E  SPR A Y S A P P L IE D  BY  
GROUND E Q U IP M E N T  F O R  CONTROL OF T H E  S P O T T E D  A L F A L F A  A P H ID  

ON A L F A L F A  A T  H IN K L E Y , C A L IFO R N IA , M ARCH 28, 1957

In terv a l between trea tm en t and sam pling

Materiii
1 day 4 days

Toxicant Gallons

N um ber of 
ap tero iu  
aphids 

per 
100 stem s

P er cent 
reduction 

from 
untreated  

pJot

N um ber of 
apterous 
aphids 

per 
100 stem s

Per cent 
reduction 

from 
un trea ted  

plot
M alathion.
P arath ion

9.5 os. 11.4 18 98 35 98
T rith io n .,  . 500 73 218 87
P h o ed rin ,,.

11.6
651 64 194 88

Sygto*.............. 1 99 3 99
Systox........ 11.4 32 98 109 93

99U n tre a ted .. . .
1 • V OS. 11.9 1 99 8

1.822
—

1,664
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resp ectively , gave poor k ills. F our days a fter  application , control decreased  
s lig h tly  w here 0.7 ounce of S ystox  w as applied . W hen th e  first sam ple  
w as taken, one day  after  treatm ent, m ost o f the aphids rem ain ing in  the  
low  dosage S ystox  p lo ts  w ere apterous adults. These ad u lts  continued to 
reproduce and sm all colonies o f first-instar nym phs accounted for  most 
of th e  aphids taken 4 days a fter  application.

T est N o. 5. On A p ril 10, 1957, sprays were app lied  by  ground equipm ent 
on a lfa lfa  a t Therm al in  the Coachella V a lley , C alifornia. T h is experim ent 
w as conducted to determ ine the effects o f parathion, m alathion, Phosdrin , 
T rith ion , and S ystox  on beneficial insects. The a lfa lfa  was about 14 inches 
ta ll and each treatm ent w as replicated  four tim es. E ach  replicate w as 300 
fee t long and 30 fe e t  w ide. The effects o f the m aterials on beneficial insects  
were evaluated  1, 2, and 9 days a fter  application . A  standard sweep net 
w as used  to sam ple the beneficial insects. Tw enty-five sw eeps were taken  
in  each replicate, or 100 sw eeps per treatm ent. The data  are sum m arized  
in  table 10. I t  w as not possible to count the various predators and para­
sites in  the field at the tim e o f sam p ling  so the sw eepings were placed in 
p in t ice cream  cartons and brought in to  the laboratory for countin g  and  
recording.

T w enty-four hours a fter  app lication  nearly  a ll the coccinellid  larvae  
w ere elim inated  b y  parathion , m alathion, and Phosdrin  app lied  a t 4, 9.1 
and 0 .7  ounce per acre, respectively . These m aterials w ere not q u ite  as 
tox ic  to  the ad u lt lad y  beetles as to the larvae, a lthough the ad u lts  were  
d rastica lly  reduced  in  com parison w ith  th e  untreated  plots. T rith ion  ap­
p lied  a t 7.3 ounces per acre reduced the ad u lt coccinellids b y  about 50 
per cent and the larvae b y  approxim ately  66 per cent, 24 hours a fter  ap­
p lication . S ystox  ap p lied  at 0.5 and 0.9 ounce per acre gave a comparable 
reduction  in  lady-beetle adults, w hereas the larvae were on ly  s ligh tly , if  
a t all, reduced.

The num bers o f coccinellids sw ept from  the treatm ents cannot be d i­
rectly  com pared w ith  those from  the untreated  p lo ts  48 hours a fter  ap p li­
cation, since there appears to have been an inadverten t error in  counting  
or recording the 48-hour coccinellid  sam ple from  the untreated  plots. The 
recorded data show  th at the adu lts increased five-fold and the larvae fo u r­
fo ld  in  the 24-hour period  betw een the first and second sam pling. I t  is  fe lt  
th a t such an increase in  adu lts and larvae is far  greater than w ould be 
expected. There w ere num erous egg  m asses in  a ll p lots but it  does not seem  
lik e ly  that there w ou ld  be such a  large hatch in lad y  beetle larvae or adu lt  
em ergence or m igration  in  a  24-hour period.

C om paring the 48-hour sam ples from  the treated  p lo ts  w ith  their cor­
resp onding 24-hour sam ples, there were very  low  num bers o f coccinellids  
w here parathion , m alathion, and Phosdrin  w ere used. The num ber o f adult 
coccinellids in the 48-hour sam ple was sim ilar to  the 24-hour sam ple where 
T rith ion  w as used, w hereas the larvae appeared to be elim inated 48 hours 
a fter  application . E g g s w ere hatch ing and the num ber o f larvae increased  
m  the second sam ple w here both dosages o f S ystox  w ere used. The adu lts  
increased  in  the low  dosage o f S ystox  (0 .5  ounce per acre) and rem ained  
m ore or less the sam e at the higher dosage.
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N ine days a fter  application, larvae in  the Phosdrin  and S ystox  p lots  
had increased and exceeded the num ber sw ept from  the untreated  plots. 
A s m entioned earlier, Phosdrin  has a higrh in itia l to x ic ity  to coecinellid  
adu lts and larvae. H ow ever, the m aterial breaks down rap id ly  and in th is  
instance, w here there were num erous ej?g m asses in  the p lo ts at tim e of 
treatm ent, the hatchinj? larvae appear to have been unharm ed. M alathion, 
parathion , and Trith ion all have residual to x ic ity  and apparently  k ill the 
younjr lady-beetie larvae as they em erge from  the eggs. T hus where these  
three m ateria ls w ere applied , the num bers o f larvae in  the respective sam ples 
rem ained m arkedly lower than in  the untreated  p lots 9 days a fter  app lica­
tion, There appeared to be little  difference betw een the num bers o f lady- 
beetle ad u lts  in  the m alathion, parathion, Phosdrin , and untreated  plots  
9 days a fter  application . A gain , as in  the previously  d iscussed experim ent, 
the experim ental area adjoined a num ber o f large untreated  a lfa lfa  fields 
and im m igration o f ad u lt coccinellids obscured the in itia l m orta lity  d if ­
ferences 9 days a fter  application.

T w enty-four hours a fter  application , the aphid  parasites Praon pali- 
tans M ues. and Trioxys utilis M ues., and also Orius, Nahis, and Chrysopa 
were m arkedly reduced w here parathion, m alathion, and Phosdrin  were 
used. T rith ion  appeared to  be equally  tox ic  to the aphid  parasites b u t was 
less tox ic  to  Orius, Nahis, and Chrysopa than the three m aterials m entioned  
above. In  general, o f the m aterials used  in th is  test, S ystox  was by far  the 
least tox ic  to beneficial insects. N ine days a fter  treatm ent, the harm ful 
effects to  the beneficial insects from  parathion, m alathion, P hosdrin , and  
T rith ion  had largely  disappeared. W ith  th e  exception  of coccinellid  larvae, 
however, very  few  im m ature stages o f other insects appeared in  an y  o f  
the sam ples. Thus, the reestablishm ent of the beneficial insects could only  
have occurred by  im m igration from  the large untreated  areas ad jo in ing  
the sm all test plots. H ad  the test p lo ts been  several acres in  size, it is fe lt  
th at the re^ tab lish m en t o f the predators and parasites w ould have re ­
quired a considerably longer period o f tim e. U nder such conditions, as d is­
cussed below , the use o f either parathion, m alathion, or T rith ion  over a 
w ide area m ight have resu lted in a  rapid  flareback o f  the aphid.

In  testin g  the effect o f the m aterials on the aphid, sam ples were taken
2, 5, 8, and 25 days a fter  treatm ent. The data  are sum m arized in table 11.

W hen the m aterials w ere evaluated 2 days a fter  treatm ent, control was 
h igh ly  un satisfactory  for a ll m aterials. T h is reflects the resistance o f the 
aphid popu lation  a t Therm al to organophosphorus m aterials (S tern  and  
R&ynoldjs, 1 958 ). P hosdrin , m alathion, and the h igh  dosage o f Systox  
(0.9 ounce per acre) w ere app lied  at dosage levels w hich quickly k ill non- 
resistan t aphids, w h ile parathion and Trith ion were app lied  at rates in  
excess o f dosages required to g ive a quick k ill o f nonresistant aphids. The 
lower dosage o f S y sto x  used in th is  experim ent (0.5 ounce per acre) was 
probably close to the lim it o f tox ic  effect o f th is  m aterial, even  for  non- 
resistan t aphids.

I n  fo llow in g  the trends o f the resistan t aphid popu lations in  the various  
treatm ents, the effects o f the insecticides on the beneficial insects m ust be 
considered, p articu larly  their  effect on coccinellids, sin ce th ey  are the pri-
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EPPEOT OP PREDATORS 
AND P A R A S IT E S

9  12  15  1 8  2 1

DAYS A FT ER  TREATMENT
F ig . 1. A ctual and estim ated  population  trends of re s is tan t spo tted  a lfa lfa  aphid  a f te r  

trea tm en t w ith various insecticides w ith d ifferent effects on beneficial insects; a t  Therm al, 
C alifornia.

m ary aph id  predators. The aphid  popu lation  trends fo r  the various in ­
secticides appear in  f i^ r e  1. M alathion, parathion, and T rith ion  w ere h igh ly  
tox ic  to both im m ature and adult coccinellids. W hen the la st sam ple for  
beneficial insects w as taken 9 days a fter  application , the lady-beetle p opu­
la tion s w ere s t i l l  low  in these treatm ents. A  characteristic o f resistant  
aphids is  th a t th ey  continue reproduction a fter  insecticide application . 
Thus, through the elim ination  o f  the coccinellids, the m ature aphids sur­
v iv in g  treatm ent continu ed  to reproduce un in h ib ited  b y  natura l checks; 
an d  control decreased betw een the 2- and 5-day sam ples. E ig h t days a fter  
application , control decreased further w here parath ion  and m alathion were  
applied . On th is  day, aphid  p opu lation s in  the p lo ts treated  w ith  parathion, 
m alathion, and T rith ion  w ere a ll above the econom ic threshold. W here  
parathion and m alath ion  were applied , the aphid  popu lation  levels unques­
tionab ly  increased to  an even  h igher level before coccinellids reestablished  
them selves and even tu a lly  elim inated the aphids. U n fortu n ately , sam ples



were not taken at an interm ed iate date betw een the eighth and tw enty-fifth  
day  a fter  treatm ent. H ow ever, the m alathion and parathion tream ents could  
be d istin gu ish ed  from  the others b y  the dam aged a lfa lfa .

In  the P hosdrin  p lots, control decreased betw een the second day and  
fifth  d ay  sam ples but d id  n ot show a further decline on the eighth day. 
A p p aren tly , the short-lived P h osd rin  had broken dow n sufficiently to per­
m it the h atch in g  coccinellid  larvae and im m igrating adu lts to  survive. N ine  
days a fter  treatm ent, the coccinellid  popu lation  in  the Phosdrin  p lots had  
reached a level com parable to the untreated  areas. The coccinellids in  the 
P hosdrin  p lots obviously  started  to increase before the n inth  day  and had  
apparently  checked the increase in  aphids on or about the eighth day after  
application .

W here the low  dosage o f S ystox  (0.5 ounce per acre) was applied , the 
per cent control decreased s lig h tly  between the 2-day and 5-day sam ples 
b u t increased betw een the 5- and 8-day sam pling period. M ortality  to  coc­
c in ellid s w as m oderate at th e  low  dosage o f Systox. W here 0.9 ounce per  
acre o f S ystox  w as app lied , the percentage control increased throughout 
the sam p lin g  period.

Tw enty-five days a fter  application , beneficial insects had essen tia lly  elim ­
inated  the aphids from  a ll the plots. A lthough  the aphid popu lation  was 
not sam pled betw een  the eigh th  and tw enty-fifth  day a fter  application , 
the trends o f the aphid  in  the various treatm ents can be follow ed w ith  
reasonable accuracy b y  u sin g  the com bined data from  the aphid and bene­
ficial in sect sam ples. In  the S ystox  p lots, the resistan t aphids were prob­
ab ly  elim inated  soon a fter  the 9-day sam ple was taken. A lso, a fter  the 
9-day sam ple, the b iotic checks slow ly  increased to a  point w here they  
overtook and, even tu a lly  destroyed the resistan t aphids in  the parathion, 
m alathion, and T rith ion  p lots. H ow ever, it m ust be remem bered th a t these  
w ere very  sm all p lots, and had the p lots been extensive in  size or had the 
parathion , m alathion, and T rith ion  been applied  in  isolated  areas where im ­
m igration  o f coccinellids w as not a factor, control w ould have been o f short 
duration . E ven  in the favorable circum stances o f sm all p lo ts  the a lfa lfa  
was severely  dam aged w here parath ion  and m althion were applied .

One p o in t th at w arrants em phasis is th at the increase in  dosage of p esti­
cides o f  ind iscrim inate to x ic ity  in  the early stages of arthropod resistance  
ap p aren tly  not on ly  hastens increased resistance d irectly  through selection  
but also in d irectly  through elim ination  of natura l enem ies w hich w ould  
otherw ise help  destroy su rv iv in g  resistan t ind iv iduals. W ith  the elim ination  
o f b iological checks, the pest species is  essen tia lly  free to increase to greater  
d en sity , w hich fu rth er  increases the frequency o f  the resistan t gene or gene  
com bination. The d en sity  leve l o f the resistant popu lation  w ill be deter­
m ined by  the p hysica l factors in  the environm ent and host-p lant resistance. 
The release o f p opu lation  reproduction potentia l nearly  alw ays resu lts in 
severe dam age or econom ic stress in the specific loca lity  of the resistant 
arthropod.

T est N o. 6. On A p ril 11, 1957, 1- and 2-ounce dosages o f S ystox  were 
ap p lied  in 5 ga llon s o f w ater per acre by  aircraft to a lfa lfa  at Therm al 
in  the CoaehelJa V alley . The experim ent was conducted to test the effective­



ness Of low  dosages o f S ystox  in  com m ercial-sized blocks on the aphid and  
on eoccinem ds. E ach  treatm ent was replicated  fou r tim es on a lfa lfa  about 
14 inches ta ll. The p lots were 160 feet w ide and 1,300 feet lon^?. P retrea t­
m ent counts o f  the aphids and coccinellids were taken, b u t since th is  field  
was heavily  in fested  w ith  aphids at the tim e o f treatm ent, it w as not possible  
0 eave untreated  checks. The data obtained in  the experim ent are sum ­

m arized in  table 12.

Table  12

A P H ID  A N D  C O C C IN ELLID  P O P U L A T IO N  TR EN D S FO LLO W IN G  T R E A T M E N T  
W IT H  SY STOX SPR A Y S B Y  A IR P L A N E  A T TH ER M A L, 

C A L IFO R N IA , A P R IL  11, 1957

Material Toxicant 
per acre

N um ber of 
aphids 

per atem, 
p retreatm ent

In terval between trea tm en t an d  sam pling

24 hrs. 4 days 7 days 25 days

Average num ber of aphids per stem

1 oz.

2 oz.
74

23 24

8

12

3

<1

<1

N um ber of 
coccinellids 

per 100 sweei>s, 
p retreatm ent

N um ber of coccinellids per 100 sweeps

A* L A L A L A L A L

1 02. 

2 oe.
144-92

6 7 - U l

62—158

53-463

35—699

26—276

12-214

108—5

127-6

• A »  a d u lt; L  «  larva.

B oth  dosages o f S ystox  (1 and 2 ounces per acre) gave an approxim ate  
62 per cent reduction  in  lady-beetle adults 24 hours a fter  application. The 
reduction in  lady beetles in th is te st  appeared to be h igher than  in  other 
S y sto x  tests. T he sam ple w as taken la te  in  the afternoon, which m ay have re­
su lted  in the low er num bers o f beetles or i t  m ay be th at the adults feed ing  on 
the resistan t aphids sprayed  w ith  S y sto x  ingested  suflficient quan tities o f the 
toxicant to k ill the more susceptible ones. A hm ed et al. (1954) dem onstrated  
th is  phenom enon in  laboratory tests  w ith  Bippodamia convergens.

There w as an increase in  coccinellid  larvae betw een the pretreatm ent 
sam ple and the 24-hour sam ple. E g g  m asses w ere rather num erous in  the  
field and a certain  num ber of these hatched between the tw o  sam ple dates. 
Thus, it  is  not possible to determ ine larval m ortality  due to  th e  S ystox  a p ­
p lications. B u t resu lts o f other tests show  S ystox  to be re la tively  nontoxic  
to  coccinellid  larvae and therefore m ortality  w as probably low.

Im m ediately  a fter  application , coccinellid  egg  m asses w ere collected and  
brought into  the laboratory to determ ine th e  effects o f S ystox  on the eggs. 
There w as no inh ib ition  of hatch in  these egg sam ples. , ,

T w e n ty - f o u r  h o u r s  a f t e r  a p p l i c a t i o n ,  t h e  r e s i s t a n t  a p h i d s  w e r e  r e d u c e d  
by approxim ately  69 per cent where 1 ounce o f S ystox  per acre was applied
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^ acre were
used. On the fou rth  day, there was no apparent change in  the aphid  popu-

of coccinellid  egg  m asses greatly  increased the  
ady-beetle larval popu lation  d u rin g  the sam e interval. Seven  days a fter  

treatm ent, the aphids had decreased sharply, being  about 50 per cent below  
the levels o f  the fou rth  day  in  both treatm ents. Large num bers o f the coc- 
c in ellid  larvae pup ated  and the larval popu lation  also decreased sim ul- 
taneously. In  some instances, there were 3 or 4  coccinellid  pupae on sin gle  
a lfa lfa  stem s. Tw enty-five days a fter  treatm ent, the resistan t aphids sur­
v iv in g  treatm ent and their  resistant offspring w ere essen tia lly  elim inated  
from  the plots because o f  the predation o f coceinellids su rv iv in g  the Systox  
spray applications. A  sign ificant feature o f  th is experim ent is  that in th is  
case 99 per cent in itia l m orta lity  of the pest insect w as not necessary for  
sa tisfactory  control because sufficient predators rem ained a fter  treatm ent 
to reduce and hold the pest popu lation  below the econom ic threshold. Thus, 
on th is resistan t popu lation  where neither chem ical control nor biological 
control by itse lf  w as able to prevent dam age to the crop, the tw o together  
acted as p erfect com plem ents and gave com plete control.

Test No. 7. B y  late sprin g  1957, a considerable am ount o f data had been 
obtained show ing the advantages of S ystox  over certain  other organophos- 
phorus com pounds in  control o f the spotted  a lfa lfa  aphid. T est no. 5, at 
Therm al in  the Coachella V a lley , had  g iven  some evidence o f the relative  
to x ic ity  o f parathion , m alathion, Phosdrin , T rith ion , and S ystox  to the 
n ew ly  introduced aphid  parasites Praon palitans and Trioxys utilis. H ow ­
ever, at Therm al the parasite populations were low  and another test was 
needed on heavier parasite populations to  c la r ify  th is picture. P. palitans 
had become w ell established  in  the southern end of the San  Joaquin  V alley  
d u rin g  the w inter and sprin g  o f 1956-57 , and a parasite popu lation  suitable  
fo r  the desired experim ent was even tu a lly  found at Fam oso in  K ern County.

On Ju n e  4, 1957, sprays were app lied  by  ground equipm ent on a lfa lfa  
at Fam oso. The a lfa lfa  w as about 15 inches ta ll. P lo ts  w ere 60 feet w ide  
and 150 feet long and four replications were made. The plots w ere sam pled  
w ith  a sweep net for predators as w ell as parasites 5, 24, and 72 hours a fter  
application . The data are sum m arized in  table 13.

P arath ion  an d  m alathion app lied  at 3.0 and 9.7 ounces per acre, respec­
tive ly , w ere extrem ely toxic to the adults of Praon palitans. F iv e  hours 
a fter  application , approxim ately  97 per cent of the adults w ere elim inated  
in  the p lo ts treated  by these tw o m aterials. Phosdrin  and T rith ion  applied  
at norm al com m ercial dosages for control o f the aphid w ere s lig h tly  less 
toxic, e lim in atin g  about 90 per cent of the ad u lt parasites 5 hours after  
treatm ent. S ystox  app lied  a t 1 and 2 ounces per acre gave 80 and 66 per 
cent reduction  o f the parasite popu lation  respectively . E ven  though Systox  
elim inated  m any o f the adu lt parasites, the reduction was fa r  less drastic  
th an  w ith  any  o f the other m aterials tested. The greater reduction where 
the low er dosage of S ystox  w as app lied  again  probably indicates th at at 
these low  dosages there m ay not be a  m easurable am ount o f differential 
in  to x ic ity  to the parasite under field conditions. A s w as m entioned earlier, 
th is  sam e difference occurred in  certain  other o f the tests  in volv ing  predators.
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m aterials iu s t  m entioned have residual tox ic ity  and apparently  k illed  the  
t in y  parasitic  w asps as th ey  em erged from  their cocoons or as th ey  m igrated  
in to  the sm all p lo ts  from  the large  untreated  area ad join ing  the experim ent 
Three d ^ s  a fter  app lication , there w a . lit t le  difference in  num bers o f adul 
n a ra sites 'in  the various treatm ents. P arasites w ere m ore abundant in  the  
u n treated  p lots than in  the treated  p lots and m ore abundant than  before  
treatm ent T his m ay reflect em igration  of the ad u lts  from  the treated  areas 
w here the aph id  had been  elim inated , in to  the u n treated  p lo ts  w here aphids

'^'^M^mmifi^ed aphids con ta in in g  cocoons of Praon palitans w ere co llected  24  
hours a fter  treatm ent an d  brought into th e  laboratory to  determ ine w hether  
an y  o f  the in sectic ides h ad  had  a tox ic  effect on the parasite. I t  w as found
t h a t  none of the sp rays affected the parasite in  the cocoon stage

In  th is  experim ent, parath ion  and m alathion were also very  tox ic  the  
other beneficial insects. C occinellid  adults -were greatly  reduced 5 hours 
a fter  application , and there w as not a single lady-beetle  larva  co llected  m  
these tw o treatm ents a t any  tim e during th e  sam pling period. Orius sp. w as  
also greatly  reduced. Nobis sp. w as drastica lly  affected by  parath ion  but 
m alathion  was not n early  so tox ic  to th is  predator. Collops sp. w ere m oder­
a te ly  reduced in  the p lo ts  treated  w ith  parath ion  and m alathion, w hereas 
there appeared to be no to x ic  effect to  Collops sp. from  the other m aterials 
applied .

F iv e  hours a fter  application , lady-beetle adults and larvae w ere very  scarce  
in  the Phosdrin  plots. T h is m aterial also caused considerable m ortality  to  
Orius and Nobis.

W here T rith ion  and the tw o dosages of S ystox  (1 and 2 ounces per acre) 
were ap p lied  there w as a  sligh t reduction  in  lady-beetle adu lts 5 hours after  
treatm ent b u t a sharp reduction in  the larvae. The apparently  heavy larval 
m ortality  caused b y  S ystox  in  th is  experim ent is  som ew hat puzzling. In  
a ll other tests, S y sto x  caused only a sligh t reduction  in  the larval population .

R E L A T IV E  T O X IC IT Y  O F SEV ER A L IN S E C T IC ID E  SPE A Y S A P P L IE D  BY
AND V A RIO U S PR ED A TO R S IN  A L F A L F A  N EA R 

N um bers of insects per 150 sweeps

T rea tm en t and  dosage 
per acre

Coccinellida Praon palitam Oriua sp.

1 day 3 daya 7 days 1 day 3 days 7 daya 1 day 3 daya 7 daya

A* L A L A L A A A A N A N A N

Parath io ii, 4.0 o*........................ 5 - 2 35—0 189—0 1 I 39 14—5 5 4 -8 149—6

Phosdrin. 1.5 o*.......................... 19—132 127-56 300-100 2 12 50 78-15 139—108 432—255

Syatox, 2.0 oz.............................. 80—312 217—602 583—190 1 12 114 287—26 273—217 438-579

U n treated .................................... 106—385 113—1094 330—1919 2 26 125 413—22 46S—131 306—257

• A *• a d u lt; L  ™ larva ; N =  nym ph.



A s for the decrease in  the adu lt eoceinellid  popu lation  24 hours a fter  treat- 
m ent th is m ay be correlated w ith  the nearly  com plete elim ination  o f  the 
aph id  popu lation  and the possib ility  that the adu lt lad y  beetles m igrated  
to  the outside of th e  testin g  area w here aphids w ere s till p len tifu l. E ven  
though S ystox  caused a  reduction in  adu lt and larval coccinellids, its  effect 
was not n w l y  as drastic  as were the effects o f  parathion, m alathion, and  
r n o sd n n . T rith ion  w as quite toxic to Orius sp. and Nahis sp.

T est N o. 8. E x cep t for  the sin g le  test at Therm al in vo lv in g  tw o dosages 
o f  S ystox , a ll m aterials had been applied  by  ground equipm ent on sm all 
plots. I t  w as fe lt  that at least one more experim ent should be undertaken  
in  w hich m aterials w ould be applied  to  large blocks of a lfa lfa  b y  aircraft. 
A su itab le  a lfa lfa  field w as found near Fam oso, K ern  C ounty, C alifornia, 
and sp rays w ere ap p lied  on A u gu st 13, 1957. The a lfa lfa  w as nearin g  ma­
tu r ity  and w as about 25 to 30 inches ta ll. P lo ts  w ere 215 fe e t  w ide and  
1,240 feet long an d  w ere rep licated  three tim es. The tox icants w ere applied  
in  8 gallons o f  w ater per acre. In  this experim ent, the relative tox ic ities  of 
parathion , Phosdrin , and S ystox  were tested  on beneficial insects and on 
th e  spotted  a lfa lfa  aphid. E ffects of those spray m aterials on beneficial 
insects were evaluated  1, 3, and 7 days a fter  application  by sam p ling  w ith  
a sweep net. The data are sum m arized in table 14.

P arath ion  w as again  the m ost tox ic  m aterial to a ll predators and to the 
aphid  parasite Praon palitans. One day a fter  application , th is com pound  
had essen tia lly  e lim inated  the adult and larval coccinellids. A pproxim ately  
95 per cent o f  Nahis sp., 96 per cent o f  Orius sp., and 100 per cent of 
Chrysopa sp. w ere elim inated  in the p lo ts  treated  w ith  parathion.

A t the tim e o f application , coccinellid  egg masses, larvae, pupae and adults  
w ere present in  the experim ental area, and during the test there was a 
popu lation  change from  one life  stage to  another. A t any period, however, 
only  the larvae and ad u lts  could be sam pled w ith  the sweep net. W here  
parathion w as applied , the coccinellid  adults and larvae were essentially  
elim inated . The parath ion  residue continued its  tox ie  action as the eggs 
hatched and as ad u lts  em erged from  the pupae. T oxic ity  to the new ly  h^t^hpd 
larvae w as particu larly  heavy, fo r  at no tim e a fter  application  were there

14
A IR P I.A N E  TO T H E  SPO T T E D  A L F A L F A  A P H ID  P A R A S IT E  Praon palitans 
B A K E R S F IE L D , C A L IFO R N IA , AUGUST 13, 1957 
a t  3 in tervals  a f te r  trea tm en t

N atn t sp. Ckrysopa sp. Geocortu sp. C''ollopt sp

1 day 3 days 7 days 1 day 3 days 7 days 1 day 3 days 7 days I day 3 days 7 days

A N A N A N A L A L A L A N A N A N A A A

7—19 11—13 30—4 (h-0 3—13 24-25 14—4 7 -1 5 5 - 2 12 29 38

34—m 63—180 1S9—85 1—5 20—60 37—96 35—11 38—29 141-41 13 37 63

175—293 275—576 381—322 9 - 9 39—46 55—42 15-11 57-60 91—19 24 39 58

249-241 247-311 277—178 3 8 -5 54—26 74-40 lfr-2 22—10 2 3 -6 18 48 33



any  num bers o f coccinellid  larvae in the parathion plots. The adult pop u ­
la tion  d id  increase to some exten t a fter  the first sam pling date. The^e adults  
m ay have em erged from  pupae a fter  treatm ent or they  m ay have m igrated  
in to  the parath ion  p lots. In either case, the to x ic ity  of parathion to the lady
beetles w as extrem ely  high.

Phosdrin  w as not qu ite so toxic to the lad y  beetles as parathion, b u t m uch  
m ore so than S ystox . It appeared that the Phosdrin  m ay have had some 
tox ic  effect on the coccinellid  larvae beyond a 24-hour period.

S ystox  was the least tox ic  of the three m aterials. A d u lt coccinellids were  
reduced by approxim ately  43 per cent and the larvae b y  approxim ately  
2 (ip er  cent 1 d ay  a fter  treatm ent. F or an unknow n reason, 3 days a fter  trea t­
m ent there were n ear ly  tw ice as m any adults in  the S ystox  p lots as in  the  
untreated  area. M any o f the adu lts had recently  em erged, as w as attested  
by the softness o f their bodies. Such adults were also found  in  the Phosdrin  
p lo ts and to a m uch more lim ited  exten t in the parathion plots. The larval 
p opu lation s in  the S ystox  and untreated  p lots increased rap id ly  3 days a fter  
application . H ow ever, w here S ystox  w as applied , aphid  m ortality  w as 99.9 
per cent 1 day a fter  application , w hich essen tia lly  elim inated the food su p ­
p ly , w h ile the aphid food su p p ly  in  the untreated  p lots rem ained p len tifu l 
(tab le  15 ).

In  the S ystox  p lots, becauvse o f the lim ited  food su p p ly , the coccinellid  
larval popu lation  w as far too h igh for a ll to survive. In  observing the larvae  
3 and 7 days a fter  treatm ent, it was noticed  th at m any were cannibalistic, 
w hich reduced their num bers. M any larvae w ere craw ling on the ground  
in  search  o f food w hile others u n d oubted ly  died from  starvation . Thus, on 
the seventh day  a fter  application , there was a trem endous difference in  
larval popu lation  betw een the S ystox  and untreated plots, w here food was 
p len tifu l. In  addition , m any o f  the adu lts collected in the S ystox  p lots 7 
d ays a fter  application  w ere very  sm all, in d ica tin g  starvation . In  the P h os­
drin  p lots, there was some cannibalism  and an occasional larvae w as observed  
craw ling  on the ground but their num bers w ere not n early  so apparent as 
in the S ystox  plots. In  the parathion plots, the coccinellid  larval popu lation  
did not recover d u rin g  the testin g  period.

The data in table 14 indicate that the aphid  parasites began to em erge 
from  their cocoons soon a fter  application . Those em erging in  the plots  
treated  w ith  parathion were ap p aren tly  adversely  affected b y  the toxic  
residue. Praoii palitans adu lts w^re less num erous in the Phosdrin  p lots  
than in the p lo ts treated  w ith  Systox. H ow ever, since the peak o f em ergence 
occurred after  application  and Phosdrin  has no residual action, no exp lan a­
tion can be offered for the low er num bers o f P. palitans in  the Phosdrin  plots

O ne day  a fter  application , there appeared  to be little  diflferenee between
Geocoriis sp. num bers in an y  o f  the plots. H ow ever, the Oeocorus sp. exhib it
a certain  a c tiv ity  cycle. F ie ld  observations indicate th at m any o f them  move
up and down the p lants at certain tim es o f the day. I t  a p p k r e d  that w ith
th is  a c tiv ity  cycle the toxic residue o f parathion grad u a lly  reduced their  
numbers.

M ummified aphids con ta in in g  cocoons o f Praon palitans w ere collected  
^4 hours a fter  treatm ent and brought into the laboratory to determ ine



Whether the sp rays had had a toxic affect on cocooned parasites. I t  was 
fou n d  th a t none o f the in sectic ides affected the parasite  in  the cocoon stage  
a resu lt th a t agreed w ith  the data obtained in  test no. 7. ’

D u n n g  the experim ent, large num bers o f  w inged aphids invaded  the test 
area. This presented an op p ortu n ity  to s tu d y  the advantages o f  a  selective  
insecticide (S y sto x ) w hich gave good in itia l k ill o f  the aph id  and allow ed
the enem ies o f the aph id  to survive treatm ent. The d ata  are sum m arized in  
table 15.

T able  15

PO P U L A T IO N  TR EN D S O F S PO T T E D  A L F A L F A  A P H ID  A F T E R  A P P L IC A T IO N  
O F T H R E E  IN S E C T IC ID E S  B Y  A IR C R A FT  W IT H  V A R IA B L E  E F F E C T S  

ON B E N E F IC IA L  IN SE C T S IN  T H E  E X P E R IM E N T A L  
PL O T S SU M M A RIZED  IN  TA B L E  14

Material Toxicant 
per acre

Average Dumber of apterous aph ids per alfalfa 
stem  a t 3 in tervals a fter trea tm en t

1 day 7 daya 10 days

P a ra th io n .......................................................................... 4.0 OB. < I 11 14
P hosdrin ..........................................................................- 1.5 oz. <1 8 8
Systox................................................................................. 2.0 os. <1 <1 1.5
U n trea ted .......................................................................... 201 426 138

One day a fter  application , there w as an average o f less  than  1 aphid  per 
a lfa lfa  stem  in a ll three treatm ents. The p lo ts  w ere n ex t sam pled 7 days  
a fter  treatm ent. A t  th is  tim e, the insecticides had broken dow n and no  
longer k illed  the alate aphids fly in g  into  the treated  p lots or their  young. 
A p h id s arveraged 11 per stem  in the parathion p lots, 8 per stem  in  the Phos- 
drin  p lots. B ecause o f  the drastic reduction o f natural enem ies, particu larly  
w here parathion w as applied , in vad in g  aphids r e p r o d u c e d  p ractica lly  u n ­
h indered . B y  contrast, in the S ystox  p lots w here beneficial in sects survived  
the treatm ent in  goodly  num bers, the aphi.ds w ere destroyed as th ey  rein- 
vaded  the p lo ts and th u s there w as less than 1 aphid  per stem . Ten days  
a fter  application , aphids averaged 14 per stem  in  the parathion p lots, 8 
per stem  in the F h osd rin  p lots, and on ly  1.5 per stem  m  the S ystox  plots.

SUMMARY AND CONCLUSIONS

W hen it w as fou n d  that parath ion  and m alathion, the first m aterials  
r  c o n t r r o f  he spotted  a lfa lfa  aphid, w ere h igh ly  d estrn etw e to  
p r e d a t o r s  of the aphid, a search w as begun for a m aten a  or - t e m h  th at  
wm ild oom t)lem ent rather than suppress biological control. E a r ly  im e s t i  
aations show ed th at S ystox  w as re la tive ly  nontoxie to  native predators in
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had to give effective aphid control at low  dosages. A ccordingly, experim ents 
were conducted to test the effects of low dosages o f Systox on Thenoaphts 
maculata. I t  was found in  these tests that Systox at 0.7 to 0.9 ounce per 
acre by ^ o u n d  equipm ent and 2 ounces per acre by aircraft gave satisfactory  
aphid control.

D uring the course of the investigations two prom ising experim ental m ate­
rials, Phosdrin and Trithion, were added to the list of potentially  usefu l 
m aterials. Subsequently a number o f experim ents were conducted compar­
in g  th e  effects of commercial dosages of Systox, parathion, m alathion, Phos­
drin, and Trithion on native predators and the introduced aphid parasites.

W hen Systox  was applied  at dosages ranging from  0.7 to 6.2 ounces per 
acre it was not nearly so toxic to adu lt and larval coccinellids as parathion  
applied  at 3.0 to 8.2 ounces per acre. Systox  was also much less toxic to Nahis 
sp., syrphids, Orius sp., Chrysopa sp., and the sm all aphid parasites Praon 
palitans and Trioxys utilis than w as parathion. M alathion applied at 9.1 
to  9.7 ounces per acre by ground equipm ent was equally as toxic to the 
introduced aphid parasites and native predators (except Nobis sp .) as was 
parathion.

Phosdrin applied  at 0.7 to 1.0 ounce per acre by ground equipm ent was 
not quite so toxic to the aphid parasites and native predators as parathion, 
m alathion, or higher dosages o f Trithion (11.6 ounces per acre), but was 
much m ore toxic than Systox. A n additional advantage o f Phosdrin over 
the more toxic m aterials was its  short residual action. Thus, where th is  
m aterial was used, beneficial insects m igrating into the treated area or emerg­
in g  from  the egg or pupal stages soon after  application w ere unharmed.

Trithion was applied  at dosages ranging from 5.0 to 11.5 ounces per acre. 
It was not nearly so toxic as parathion or m alathion when applied at 5.0 
ounces per acre. However, at 11.5 ounces per acre it was quite toxic to the 
native predators.

A s m entioned above, w here parathion and m alathion are used on a lfa lfa  
they  are h ighly'toxic to a wide variety  of phytophagous and entomophagous 
insects. In the case o f the spotted a lfa lfa  aphid control program, reestablish­
m ent of the phytophagous species in the treated areas is greatly  favored  
over that o f its  natural enemies. This, as m entioned previously, leads to repe­
titious treatm ents and increases the frequency of aphids resistant to organo- 
phosphorus insecticides. In  addition, it  is  fe lt  that the frequent and w ide­
spread use of parathion and m alathion m ight cause resistance to develop  
in  a wide variety  o f other insect pests frequently  found in a lfa lfa  fields, 
which, though not necessarily  dam aging to a lfa lfa , m ight carry resistance 
problems to other crops. I t  is  extrem ely im portant that the entom ologist 
be aware of th is possib ility  wherever he uses insecticides of indiscrim inate  
toxicity, especially where he is concerned w ith  pest species which require
widespread control and have the ab ility  to reach the economic threshold  
rapidly.

One w-ay to m inim ize th is danger is  through the use of selective insecti­
cides which destroy the pest species but to a greater or lesser degree preserve 
the entom ophagous form s. In  the current investigations Systox proved to 
be just such a m aterial and its  use on a commercial basis has already a llevi­
ated the spotted a lfa lfa  aphid problem in  m any areas.



P erhaps o f  even greater significance than the developm ent o f  a  “se lective” 
control for  Thenoaphis maculata w as the disclosure th at w here the selective  
m aterial w as used, insecticide-induced m orta lity  o f essen tia lly  100 per cent 
w as not necessary to g ive  sa tisfactory  control o f  the aphid. T hus in  one 
experim ent in vo lv in g  an aphid population  resistan t to  a ll the tested  m ate- 
rials, w here S ystox  w as applied  and gave poor in itia l kill, the enem ies of 
the aphid, w hich surv ived  the treatm ent in goodly  num bers, continued their  
attack on the resistan t aphids and even tu ally  effected com plete control o f  
the in festa tion . On the other hand, in  th is same experim ent, w here para- 
th ion  and m alathion w ere app lied  and the enem ies o f the aphid  elim inated, 
the in festa tion  actu a lly  increased soon a fter  treatm ent since the su rv iv in g  
resistan t adu lts reproduced unhindered  by  predation.

The in vestigation s also showed th at control w ith  the selective m aterial 
could be prolonged over th at o f  the indiscrim inate m aterial even though  
in itia l k ills  by  both m aterials were a t a very  h igh  level. This occurred in 
one experim en t w here in itia l control o f the aphid w ith  both S ystox  and  
parathion w as h igh ly  satisfactory . H ow ever, du rin g  the testin g  period large  
num bers o f alate aphids invaded the treated  area. B ecause coccinellids and  
other predators had been elim inated from  the parathion-treated area these  
alate aphids reproduced unchecked a fter  the parath ion  broke dow n, and  
the in festa tion  level rose very  rap id ly . On the other hand, in  the p lo ts  treated  
w ith  S ystox  the aphid  enem ies survived  in  great num bers and m aintained  
the in vad in g  aphid  popu lation  at very  low  num bers even a fter  the Systox  
w as no longer effective.

The desirab ility  o f  a tta in in g  a pest-control program  in  w hich chem ical 
and b io logica l control are as w ell in tegrated  as possib le is indisputable. 
T h is does n ot m ean, how ever, th a t S y sto x  w ould be the m ost desirable insec­
tic id e  for  use on other susceptible pests attack ing  other crops. E ach  pest  
problem  and each crop has its  own pecu liar b iological and ecological charac­
teristics, and these m ust be analyzed and understood before any  integrated  
chem ical and biological control program  can be undertaken. T hrough such  
ecological in vestigation s on insect control we can expect chem ical and bio­
logica l controls to be u tilized  in  true perspective.
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The information herein contained is to the best o f our knowledge true and 
accurate hut any recommendations or suggestions which may be made are 
made loithout any guarantee whatsoever, since the conditions of use» are 
beyond our control. Nothing contained in this information Bulletin should be 
construed as recommendation to use ar^ material in conflict with existing 
patents covering any material or its use.




