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T h e  E f f e c t  o f  S e v e r a l  I n s e c t i c i d e s  o n  t h e  T o t a l  A r t h r o p o d  

P o p u l a t i o n  i n  A l f a l f a ^

F. A. F e s t o n , Oklahoma Staie Untpersiiy, Stillwater

A b s t r a c t

Sprays containing parathion, malathion, demeton, endrin or 
toxaphene applied to alfalfa caused marked reductions of the 
total arthropod populations. Reductions were greater for the 
phytophagous species as a group than for the entoraophagous 
species. The toxic effects of some of the insecticides to certain 
insect predators created favorable conditions for their prey which 
became more numerous later on in the sprayed plots than in the 
untreated checks. The specificity of certain of the insecticides

caused profound changes in the components of the populations. 
The residual effects of all of tlie above were quite limited due to 
migration into or between plots. At the dosages used, namely 8 
pounds toxaphene,  ̂ pound malathion, and } pound each of 
parathion, endrin or demeton,—toxaphene was generally less 
effective than the others. Parathion was the most toxic to some 
of the beneficial species and endrin was the least toxic.

Considerable work has been dpne in the past few years 
on the  effects of insecticides on beneficial insects, b u t so 
far as is known, no work has been published on the effects 
of insecticides on the to ta l arthropod population in alfalfa. 
This paper reports results of a two-year study, 1954 and 
1955, on the  effect of insecticide spray applications on the 
to ta l arthropod population in alfalfa. Gaines (1954). van 
den Bosch et al. (1956), Ahmen (1954) and Wene (195S, 
1954), studied the effects of a  num ber of compounds on 
the  beneficial species present in various crops including 
alfalfa.

T he da ta  reported in this paper are based on a study 
of the effects of toxaphene, parathion, endrin, and derae- 
ton  (Systox) applied to  small replicated plots, each 1/40 
acre in size, and in one large scale field test where mala­
thion was the  insecticide used. T he untreated checks in 
the small plot tests were replicated the same as the 
sprayed plots b u t in the large scale test there were no 
replications and the check was a  f-acre plot of alfalfa in 
the same field. The insecticides were applied to  the small 
plots a t  the rate of 40 gallons per acre April 26 and June
10, 1954; and July 8, 1955, a t  the  following am ounts of 
actual toxicants per acre: toxaphene, 3 pounds, parathion, 
endrin, and demeton, }-pound each. In  the large scale 
test, malathion was applied a t  th e  rate  of 4-pound in 8 
gallons of spray per acre, M ay 3.1955.

Populations were determined by sweeping with an  in­
sect net a t  th e  ra te  of 25 to  50 sweeps per plot or sampling 
area, depending upon a  pilot sample estim ate of the num­
bers of arthropods present. In  th e  small plot tests each

plot replicated was sampled; in the large scale field test, 
there were five sampling areas staked out in the sprayed 
part of the field and five in the check area. Samples were 
taken before treatm ent, immediately after and sub­
sequently a t  various intervals, usually weekly, weather 
permitting. The procedure used has been reported by 
Fenton & Howell (1957). Determinations were made by 
specialists.’

Due to  the enormous numbers of insects and spiders 
collected it is impossible to  present all of the  data  by 
species, nor is th is necessary. However, it  is well to  point 
out th a t a  to tal of 396 species of insects, 15 species of 
spiders, and several species of mites were collected. M ost 
of these were not taken in sufficient numbers to  be in­
cluded in a  statistical analysis of the data. Instead, with 
the exceptions noted later in th is report, they were 
grouped together for one p art of the study, into four
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Table 4.—Effect of four insecticides applied July 6 to alfalfa on the populations of the most common arthropods, 19S5.

Abthbopodb and Staos 
o r  DEVKIX>niKHT

N dmbeb C ollected pek  125 Sw eeps ok  D ates* Shown ( J dlt)

Untreated T ouphene Parathion Demeton Endrin

6 8 15 6 8 19 6 8 15 6 8 15 6 8 15

Hippodtmia coi»ertetu, A 8 13 19 15 3 14 s 1 1 20 0 1 10 ] 2
H. eonvergent, L g 6 49 12 7 S4 3 4 1 7 0 I 9 4 3
CoUovt ({uadTinuxculaiut 
Aeriaidae, N

0
13

1
i r

45
28

0
13

1
2

21
8

0
17

0
1

22
29

0
15

0
1

15
16

0
8

0
0

19
1

Lygv* fineofanV, A 17 10 13 34 2 13 48 0 19 S9 1 9 33 1 10
L. liruolaTU, N 11 7 24 14 2 1 14 1 23 29 0 10 14 1 6
Nabit alUmalu), A 8 0 8 7 5 S 5 0 3 6 1 1 5 3 0

aiiematui, N 8 2 4 S 2 3 2 6 1 5 0 7 S 3 5
On'u« tandioni*, A 14 5 91 14 0 202 24 1 202 28 3 179 18 3 213
0 . intidionii, N 61 14 33 46 4 2 66 4 4 S3 7 5 58 4 1
OeocKiru ap., A ] 1 9 J 0 I 2 0 2 0 0 2 1 0 J
Gmcotu «P-, N 
UaeroiifhuiK pi*i

0 0 20 0 0 0 0 0 2 1 0 3 0 0 1
29 10 0 19 3 I 27 I 0 62 3 0 52 2 0

TkmoapMu maeuiala 80S 628 2 ,162 1,079 394 1 .198 888 46 566 868 45 306 764 78 861
Aeerataffallia uUeri, A 15 35 87 29 47 46 17 1 22 24 5 15 23 18 42
A ■ tiiUm, N 7 9 51 7 16 21 5 0 0 5 1 1 10 7 6
Em foatcaM ae, A
E. fabae, N

39 16 49 S» 12 42 51 1 28 70 2 28 29 1 28
98 15 31 no 23 9 76 25 15 130 44 19 115 7 7

Ckrfiopa jiloTabuttda, A 14 9 1 12 2 3 13 1 0 9 0 0 6 1 0
C. viorabunda, L 0 4 14 1 1 IS 3 0 6 2 0 5 0 2 11
FraitHiaifUa oeeidenlalit 19 6 78 35 5 72 45 7 235 39 5 178 33 6 92
Araneida 44 46 281 — 14 123 .— 19 185 — 22 176 ___ 10 118
Other tpecies 

Totali
225 84 399 8 80 80S 58 51 463 13 69 465 17 47 404

1,501 947 3 ,436 1,482 625 2 .442 1 ,332 164 1,829 1,425 209 ] ,442 1,208 197 1,829

* The temperature waa B7, 88, and P., respectively, a t the time the coUections were made. Three was no wind.

taken. Toxaphene and endrin were every effective and 
residua!. O ther materials failed to  reduce populations be­
cause of continued hatching of the  eggs in the  various 
plots.

Lygus lineolaria (P. deB.): M alathion was effective 
against nymphs and adults in the  large scale test. N o sig­
nificant changes were noted in the  small plots.

Nabts altemaius Parshley: Parathion and malathion 
were the only toxic materials against th is species.

Orius insidiosxts (Say): Endrin, toxaphene, parathion 
and demeton were very toxic.

Therioafkis maoulatus: Parathion, demeton and endrin 
caused marked reductions; toxaphene was less effective in 
one test. There is evidence th a t this species increased in 
the large scale experiment because malathion killed great 
numbers of the convergent lady beetle.

Macrosiphum pisi: Biological control masked th e  direct 
effect of the insecticides on this sp>ecies, b u t population 
increases were recorded in plots sprayed with parathion, 
toxaphene and demeton. Populations remained lower in 
the plots sprayed with endrin than  in the  checks.

AceraiagaUia uhleri: Parathion, demeton and endrin 
were very effective; toxaphene less so.

Emptxuca fabae (H arris): Parathion, demeton, and en> 
drin were quite effective.

Chrysopa sp.: Population differences between treated 
plots and checks were not statistically significant.

E f f e c t  o n  t h e  DrpTBRA, HmEN’OPTERA, an d  Aha- 
NEIDA.—N o evidence was foimd th a t any of the materials 
reduced fly populations. None of the insecticides had any 
measurable effect upon the populations of entomophagous 
Hymenoptera. There was also no relation between the 
numbers of spiders collected and spray treatmentvS.

PARASITE.PEEDATOR-APIirD R a TIOS IN  SpKAYED AND 
C h e c k  P l o t s .— S in c e  t h e  p o p u la t io n  o f  a p h id s  w a s  
g r e a t e r  in  t h e  p lo ts  s p r a y e d  w i th  c e r ta in  o f  t h e  in s e c ti­
c id e s , n o t a b ly  p a r a th io n  a n d  m a la th io n ,  t h a n  in  th e  
c h e c k s , th e r e  w a s  t h e  p o s s ib i l i ty  t h a t  th e s e  m a te r ia l s  b a d  
m a d e  c o n d i t io n s  m o re  f a v o ra b le  fo r  t h e  a p h id s  b y  k il lin g  
t h e i r  n a t u r a l  e n e m ie s . C o m p a r a b le  p a r a s i t e - p i td a to r - h o s t

ratios were studied for all of the plots sprayed with 
parathion or malathion in 1954 and 1955 to  determine 
th is point. The da ta  are shown in table 5. The natural 
enemy complex consisted of the  convergent lady beetle, 
the Aphidius parasite (a Braconid th a t did not parasitize 
Tkerioaphis maculata) and Chrysopa species. In  1954 the 
aphid was M . pisi and in 1955 M . pisi and T. macidaim. 
I t  is seen th a t for 1954 (table 5) and for the large scale 
te s t in 1955 (table 5) following spraying there were more 
natural enemies per aphid in the checks whereas the re­
verse was true in the sprayed plots. June 4, 1954, these 
differences had disappeared possibly due to  the greater 
attraction  of the natural enemies to  the heavier aphid 
populations in the sprayed plots. In  the  small plot tests 
in 1955, (table 5) the ratio  was also more favorable in the 
check plots than in the  parathion plots and increased 
slightly July 15 in th e  check plots. On the other hand, it

Table 5.—Parasite-predator-aphid population* ratios in 
alfalfa sprayed with malathion and parathion. 1954-1955.

D ate

N umbers of Aphids 
PER 1*5 Sweeps

N umber op E nemies 
TO Aphid

Untreated Treated Untreated Treated

Paraikion, 1954
Apr. 28 50 91 4.5- 1 1 -  1.2
May 5 5 32 12.4- 1 1..5- 1
May 22 13 38 1 - 1 1 -12.7
May 28 46 148 1 ~ 4 1 -29.6
June 4 41S 940 1 -23 I -16
June 9 290 553 1 -  9 1 -12.6

Parathion, 1955
July 6 895 915 1 -28 1 -34
July 8 639 47 1 -20 1 -  7.8
July 15 £16i 566 1 -26 I -70

Malaikion, 1955
May 10 138 428 2.4~ 1 1 -  3.6
May 17 56 197 1.1- 1 1 -  5 .2
May 24 22 73 1.7- 1 1 -  2.4
May 31 38 145 1 -  2 1 -  6.3

* Apbids were primarily the pea aphid in 1954 and in 1955 the pea aphid 
and the (potted alfalfa apbid were uivoJrAd.



N umber Collected per  100 Sweeps

U n trea ted Toxaphene P a ra th io n D em eton E n d rin

Arthropods*

April

34 28
June

9
April

28
June

9
April

28
June

9
April

2d
June

9
April

28
June

9

Hippodamis convergens, A 
H. convergens, L

»06
238

79
54

1
16

26
53

2
15

19
19

10
17

53
27

11
18

46
53

1
12

Lygus lineolaris, A 220 15 88 21 17 24 28 22 32 7 11
L. lineolaris, N 78 16 89 7 32 4 55 12 31 0 18
Nabis aliernatus, A 62 10 5 4 4 1 11 8 9 6 2
N. cdternaius, N 0 24 43 10 19 4 19 26 28 24 30
Orius inaidiosus, A 1 0 10 I 16 1 49 0 37 0 13
0. insidioaus, N 0 0 149 0 110 0 169 0 126 0 127
Nysius raphanus 672 85 0 24 0 SO 1 68 0 28 0
Avkiditis sp. 
Macroaiphum pisi

454
8,296

1
60

11
290

9
52

8
379

9
91

14
553

3
56

24
438

4
44

2
114

Aceraiagallia uhleri, A SS8 170 62 85 32 57 8 36 64 35 31
A. uhleri, N 2,880 1,549 67 706 116 69 116 47 196 107
Chrysopa plorabunda, A 4 4 0 1 0 2 0 1 1 2 0
C. plorabunda, L 108 73 4 48 5 24 3 85 6 54 1
Franklinieila occidenialit 0 2 229 4 220 S 340 5 295 1 196
Araneida sp. 5S 88 55 35 70 37 82 43 84 18 48
Other species 

Totals
498 148 160 161 309 139 347 139 365 138 255

14,819 2,268 1,219 1,247 1,354 846 1,775 700 1,616 655 968

* A, denotes adults; L, larvae; N, nymphi.

classes; phytophagous, entomophagous, pollen and 
nectar feeders, and scavengers. The first two classes 
comprised m ost of the species collected and it is for these 
th a t the d ata  have been compiled and analyzed.

T e s t s  i n  1 9 5 4 .—The effects of the four insecticides on 
the to tal spider-insect population are shown in tables 1 
and 3. The first application of the insecticides caused a 
greater reduction in  the plant feeders April 28 th a n  it did 
in the entomophagous species. By June 9 , however, there 
was little difference between the populations of these 
groups and the  checks indicating th a t a  recovery had 
taken place (table 1).

The second sprays were applied June 10 and their ef­
fects upon the arthropod populations June 14 and 29 are 
shown in table 2. When these da ta  were analyzed for the 
entomophagous to ta ls they showed th a t June 14 reduc­

tions were lower than  in the  checks with the least differ­
ences shown in the toxaphene plots and the least reduc­
tions and therefore greatest differences in the demeton 
plots. For the phytophagous species only parathion and 
demeton had caused greater reductions than  in the 
checks. June 29, toxaphene and demeton had caused a 
greater reduction in the to ta l entomophagous species 
than  the checks, whereas parathion. and endrin reductions 
were less than in the checks.

D uring the course of the experiment, the alfalfa leaf- 
hopper, Aceraiagallia uhleri Van D ., was by far the most 
common species, comprising more than  90%  of the  to ta l 
population during the first test. Therefore, the effects of 
the several insecticides on this species determined to  a 
large extent th e  degree of reduction of the  to ta l arthropod 
population. T he pea aphid, Macrosipkum, p ii i  (Harris),

Table 2.—Effect of four insecticides applied June 10 to alfalfa on the populations of the most common arthropods, 1954.

A bthropom  and Staoe - 
o r  D eveix)puent

Hipfcdamia conven/eni, A 
H, eontffrgeru, L  
Lyaut Untohrit, A 
/,. lineolarii, N 
y<2bif aUfmaluf, A 
Af. ahtmatut, N 
O nut titfiJiMut, A 
0 . in*uiio*ut, N Avkulim ap.
MaerotipAum piti 
AetraloffaJJia uAM, A 
A. uUeri, N 
Byitpcatea fabae, A 
E. fabat, N

JetHnui 
r  ranklinitiia oceidenlalit Aronfuia 
Dtbrr roecies 

Tot*Iii ]

N t:u bx b  Collbcted peb  125 Sw eeps on D ates'  Showm ( J d se)

Untreated Toxapliene Parathion

1
18
88
89
B

4S
10

14911
2906«

0718
?
0

S89
SB

142
,SI9

14 89 9 14

7
3 
0

18
0

es
11
13
4
8 

104 
149

19
3
4 

SO
m
SOI
7S7

i
0
0
0
1
0
1
4
0
0

64S
SOIe

0la
iO

}80
817

1.39S

2
15 
17 
S8
4

19
16 

110
8

379
38

116
88
0
t

880
70

800
1,354

0
6

57
819

9
8
7

47
133
175
699

0
0
1
0
1
0
8
Q
0
0

869
873

7
3

40
10

354
303

1,869

10
17
88
55
11
19
49

les
14

5538
69
31
3
1

340
88

316
1,775

14 89

i
3 

15
10
6

85
9
4 

10
5 
9
e
I
3

64
848
205
613

1
0
0
8
0
1
0

I t
5
1

224
36
«
S

46
25

48T
413

1,201

Demeton Endrin

14 29

11
18
82
91

9
28
37

lie
24

438
64
47
33
3
0

295
84

336
1.616

i  
1 
0 
0 
0 
2 
1 

1« 
1 
4

440 
177 

6 
1 

64 
67 

531 
478 

733 1,791

10
84
19
4 

16 33 
43
8
1
5 

55
865
231

1 12 
II 18
2 

SO 
IS

127
8

114
31

107
S
4
0

196
48

847
968

14

6
0
8
0
8

19
10
19
3
4 

50
112

6
0
4

66
144
188
628

89

8
0
2
8
0
I

13
23
0
0

698
148

6
S

17
56

305
859

1,537
•  The temperature waa 81, 84,

.. .... ......... •• »■> » "  P*.. .1 lb. Urn. Ih .
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Table 3.—Effect of malatfaion applied May 3 to alfalfa on the populations of the most common arthropods, 1955

^NTHROPODS AND S t AGE
O F D e v e l o p m e n t

N u m b e r  C o l l e c t e d  p e r  125 S w e e p s  o n  D a t e s  S h o w n

May 3 May 10 May 17 May 24 May 31

Check Check Treated Check Treated Check Treated Check Treated

Hppodamia convergena, A 50 223 77 48 32 33 24 14 19
r. convergent, L 46 46 3 1 0 1 0 0 0
lylemya cilicrwa S 10 11 2 5 6 7 6 4
yneches sp. 
'kaumalomya glabra

41 25 92 70 140 46 33 62 S3
2 13 52 10 25 60 21 15 29

•ygu* Ixneolarit, A 174 78 18 46 17 37 16 23 25
■. Hnwfaria, N 105 3 0 17 7 27 3 19 3
labia alternatua, A 7 21 11 15 20 11 12 7 2
^ aliemaiiu, N 63 63 2 0 1 3 0 1 0
'ritu inndiotua, A 42 42 125 94 138 228 111 220 132
'. intidioius, N 4 15 1 3 2 4 10 8 11
facTosivkum jriai 
'heriopkia maculata

15 22 39 7 37 18 63 27 116
18,948 116 389 49 160 7 25 11 29

[ceraiagallia uhieri, A 7 253 9 53 4 98 19 14 6
1. ukleri, N 0 356 1 78 7 57 0 10 2
!m7>oasca fabae 0 2 S 27 2S 164 181 60 53
{ acrottelea faacifrona 0 36 17 115 154 129 94 4 0
'kryaopa plorabunda, A 71 48 35 13 3 1 4 3 4
'. •^orabunda, L 20 20 5 1 3 2 2 2 0
[raneida 50 90 99 42 73 68 52 81 18
Ither species S90 564 558 566 662 1,493 1,327 505 462
Totals 20,088 2,046 2,547 1,252 1,513 2,493 2,004 1,042 948
Temperature ® F. 
Wind, m. p. h.

79 83.5 95 79 84
3 0 4.5 0 4

nd  three of its m ost im portant enemies namely, Hippo- 
'amia convergens G .-M ., Chrysopa plorabunda F itch , and 
iphidius sp., reached their peak of abundance prior to  the 
irst spray application. As will be shown later, the toxic 
ffects of parathion on the lady beetle and to  a  lesser ex- 
en t th a t of demeton and toxaphene, created favorable 
onditions for the multiplication of M . pisi.

T e s t s  i n  1955.—Table 3  shows the  effects of the mala- 
hion spray on the arthropods present in the large scale 
est. The spotted alfalfa aphid {Therioaphis maculaia 
Buckton)) reached the peak of its abundance on the 
late of th e  spraying. T he first postspraying count showed 
h a t  remarkable r^ u c tio n  had taken place in both the 
sprayed and check plots. This situation was very similar 
,0 th a t in 1954 when the first spray application was made 
;o control the pea aphid except th a t in the former year 
.he pea aphid population had been going down steadily 
or some tim e before spraying. The reductions in the 
;otal plant insect feeding populations in both check and 
(prayed plots found M ay 10, seven days after treatm ent, 
were 95 and 97%, so were not significantly different, 
rhere  continued to  be very little difference in the total 
populations of phytophagous species up to  and mcludmg 
May 31. On the other hand by M ay 10, increases were 
found in the entomophagus populations in the checl^ 
whereas in the sprayed alfalfa on this date only a  slight 
increase was found. From this date on. reductions were 
recorded except for the qhecks M ay «4. These reductions 
were much lower for the entomophagous populations for 
the  four dates than  for the phytophagous populations.

T he effects of the four insecticides, applied to  the small 
plots, on the toU l populations of
shown in tab le 4. July 8 there was very little difference in 
per cent reductions caused by demeton and parathion.

Endrln and toxaphene were less effective. July 15, in­
creases had  taken place in all plots, were greatest in the 
checks and toxaphene plots, with the smallest increase 
shown in the  demeton plots.

For the phytophagous species parathion and demeton 
were most effective, endrin somewhat less so and toxa­
phene least effective, bu t all materials caused reductions 
over the checks. By July 15 the to tal population of phy­
tophagous species, as listed in table 4, had increased by 
125.6% in the  checks. The increase was only 2.8% in the 
toxaphene plots and decreases were recorded for the other 
materials—21% for the parathion and endrin plots ^ d  
54.6% for the demeton plots. In  these tests the spider 
population was not included in the calculations.

E f f e c t s  o f  A l l  I n s e c t i c i d e s  o n  C e r t a i n  S p e c i e s .—  
W hen it was possible to  identify a  species, and it  was 
sufficiently numerous, the effects of the insecticides on it 
were evaluated by population changes. Here, it  m ust be 
pointed ou t th a t migration into or out of the plots, the 
effects of unfavorable weather conditions and th e  inter­
action between a  host and its natural enemies all cause 
population changes. Thus the best chance of determining 
the  effects of insecticides on the species present came 
within a  few days after the plots had been treated.

Hipvodamia convergans: All insecticides reduced adult 
populations over the  checks, parathion causmg the 
n e a te s t reduction. Demeton and endrm were less toxic 
than  either parathion or toxaphene. No effects were ob- 
<?erved on the larval populations.

Collops quadrimaculatm  (Fab .): All materials r^ u c e d  
populations when this species was present m  sufficient
numbers to  analyze the data.

Melanoplus bilituratus (W alker); Because of the  strong 
fligM p ^ e r s  oi th e  adults, only d a ta  on the nymphs were



A n t h r o p o d s  a n d  S t a q e  
O F D e v e l o p m e n t

N u m b e b  C o TiT.r c t e d  p e r  125 S w e e p s  o n  D a t e s  S h o w n

MayS May 10 May 17 May 24 May 31

Check Check Treated Check Treated Check Treated Check Treated

Hippodatnii coneergens, A 50 223 77 48 32 33 24 14 19
H. convergeru, L 46 46 3 1 0 1 0 0 0
Hifiemya cilicrura 9 10 11 2 5 6 7 6 4
Synscka sp. 41 25 92 70 140 46 33 62 33
TkaumaUmya glabra 9 13 52 10 25 60 21 15 29
Lygu* lineolaria, A 174 78 18 46 17 37 16 23 25
L. tineolaru, N 105 3 0 17 7 27 3 19 3
Nabii altematiu, A 7 21 11 15 20 11 12 7 2
N. aliemaius, N 63 63 2 0 1 3 0 1 0
Oritts insidio9U8, A 42 42 125 94 138 228 111 220 182
0. insidiogwi, N 4 15 1 3 2 4 10 8 11
Macrotivkum piti 
Th^riophis maculata

15 22 39 7 37 18 63 27 116
18,948 116 389 49 160 7 25 11 29

Acernt<\gaUia tUUeri, A 7 253 9 53 4 98 19 14 6
A. vhleri, N 0 356 1 73 7 57 0 10 2
Empoasca fabae 0 i 3 27 23 164 181 60 53
Macrosteles fatcifrotu 0 36 17 115 154 129 94 4 0
Chryiopa plorabunda, A 71 48 35 13 3 1 4 3 4
C. plorabunda, L 20 20 5 1 3 2 2 2 0
Araneida 50 90 99 42 73 68 52 31 18
Other species 390 564 558 566 662 1,493 1,327 505 462

Totals 20,038 2,046 2,547 1,252 1,513 2,493 2,004 1,042 948
Temperature * F. 
Wind, m. p. h.

79
3

83.5
0

95
4.5

79
0

84
4

and three of its most im portant enemies namely. Hippo- 
damia convergens G.-M., Ckrysopa plorabunda F itch, and 
Apkidius  sp., reached their peak of abundance prior to  the  
first spray application. As will be shown later, the toxic 
effects of parathion on the  iady beetle and to  a  lesser ex­
te n t th a t of dem eton and toxaphene, created favorable 
conditions for the multiplication of M . pisi.

T e s t s  i n  1 9 5 5 .—^Table 3  shows the effects of the mala- 
thion spray on the arthropods present in the large scale 
test. The spotted alfalfa aphid {Tkerioaphis maculata 
(Buckton)) reached the peak of its abundance on the 
date of the spraying. T he first postspraying count showed 
th a t remarkable reduction had taken place in both the 
sprayed and check plots. This situation was very similar 
to  th a t in 1 9 5 4  when the  first spray application was made 
to  control th e  pea aphid except th a t in the former year 
the  pea aphid population had been going down steadily 
for some tim e before spraying. The reductions in the 
to ta l plant insect feeding populations in both check and 
sprayed plots found M ay 10, seven days after treatm ent, 
were 9 5  and 9 7 % .  so were not significantly different. 
There continued to  be very little difference in the total 
populations of phytophagous species up to  and includmg 
M ay 3 1 .  On the  other hand by M ay 1 0 , increases were 
found in the  entomophagus populations in the ch ^ k s  
whereas in the  s p ra y ^  alfalfa on this date only a  slight 
increase was found. From  this date on, reductions were 
recorded except for the qhecks M ay 2 4 .  These reductions 
were much lower for the entomophagous populations for 
the four dates than for the phytophagous populations.

T he effects of the four insecticides, applied to  the small 
plots, on the  toU l populations of phytophagous species are 
shown in table 4. Ju ly  8 there was very little difference m 
per cent reductions caused by demeton and parathion.

Endrin and toxaphene were less effective. Ju ly  1 5 , in­
creases had taken place in all plots, were greatest in the 
checks and toxaphene plots, w ith the  smallest increase 
shown in the demeton plots.

F or the phytophagous species parathion and demeton 
were most effective, endrin somewhat less so and toxa­
phene least effective, bu t all materials caused reductions 
over the checks. By Ju ly  15  the to ta l population of phy­
tophagous species, as listed in table 4 ,  had increased by 
1 2 5 .6 %  in the checks. The increase was only 2 . 8 %  in the 
toxaphene plots and decreases were recorded for the other 
materials—41%  for th e  parathion and endrin plots ^ d  
5 4 . 6 %  for the demeton plots. In  these tests the spider 
population was not included in the calculations.

E f f e c t s  o f  A l l  I n s e c t ic id e s  o n  C e b t a in  S p e c i e s .—  
WTien it was possible to  identify a  species, and it was 
sufficiently numerous, the  effects of the insecticides on it 
were evaluated by population changes. Here, it  m ust be 
pointed out th a t migration into or out of th e  plots, the 
effects of unfavorable weather conditions and the  inter­
action between a  host and its natural enemies all ^ u s e  
population changes. Thus the best chance of determining 
the  effects of insecticides on the species present came 
within a  few days after the plots had been treated.

Hippodamia convergans: All insecticides reduced adult 
populations over the checks, parathion causing the 
greatest reduction. Demeton and endrin were less toxic 
than  either parathion or toxaphene. N o effects were ob­
served on the larval populations.

CoUops guadrimaculatm (Fab.): All materials r^ « c e d  
populations when this species was present in  sufficient
numbers to  analyze the data.

Melanopius bilHuratu^ (W alker): Because of the strong 
flight powers of the adults, only data on the nymphs were



Table 1 .—Effect of four insecticides applied April 26 to aUalfa on the populations of the most common arthropods, 1954.

N u m b e r  C o l l e c t e d  p e r  100 S w e e p s

Untreated Toxaphene I’arathion Demeton Endrin

April

A r t h r o p o d s * 28
June

9
April

28
June

9
April

28
June

9
April

28
June

9
April

28
June

9

Hivvodamis connergens, A 906 79 1 26 2
H .< ^ g e fu ,,L  238 54 16 53 15
Lygus lineolaTis, A 220 15 38 21 17
L. lin^arii, N 78 16 89 7 32
Nabis altematua, A 62 10 5 4 4
JV. alternate, N 0 24 43 10 19
Oriua insidiosus, A 1 0 10 1 16
0. insidiosus, N 0 0 149 0 110
Nyrius raphanua 672 35 0 24 0
Avhidius sp- 454 1 11 9 8
Macroaiphum pisi 8,296 50 290 62 379
Aceratagcdlui uhleru A 338 170 62 85 32

2,880 1,549 67 706 116
Ckrysopa plorabunda, A 4 4 0 1 0
C. fiorabunda, L 108 73 4 48 5
Frankliniella occiderUalit 0 2 229 4 220
Araneida sp. 58 38 55 35 70
Other species 498 148 150 161 309

. Totals 14,813 2,268 1,219 1,247 1,354

19
19
24
4
1
4
1
0

30
9

91
57

382
2

24
3

37
139
846

10
17
28
55
11
19
49

169
1

14
553

8
69

0
3

340
82

347
1,775

53
27
22
12
8

26
0
0

68
3

56
36

116
1

85
5

43
139
700

11
18
32
31
9

28
37

126
0

24
438
64
47
1
6

295
84

365
1,616

46
53 
7 
0 
6

24
0
0

28
4

44
35

196
2

54 
1

18
138
655

1
12
11
18
2

30 
13

127
0
2

114
31 

107
0
1

196
48

255
968

* A. denotes adulU; L, larvae; N, nymphs.

classes; phytophagous, entomophagous, pollen and 
nectar feeders, and scavengers. The first two classes 
comprised most of th e  species collected and it  is for these 
th a t the data  have been compiled and analyzed.

T ests in  1954.—^The effects of the four insecticides on 
the to ta l spider-insect population are shown in tables 1 
and 2. The first apphcation of the insecticides caused a 
greater reduction in the p lant feeders April 28 than  it did 
in the entomophagous species. By June 9, however, there 
was little difference Ijetween the populations of these 
groups and the checks indicating th a t  a recovery had 
taken place (table 1).

The second sprays were applied June 10 and their ef­
fects upon the arthropod jjopulations June 14 and 29 are 
shown in table 2. When these data  were analyzed for the 
entomophagous to tals they showed th a t June 14 reduc­

tions were lower than in the checks with the least differ­
ences shown in the toxaphene plots and the least reduc­
tions and therefore greatest differences in th e  demeton 
plots. For the phytophagous species only parathion and 
demeton had caused greater reductions than  in the 
checks. June 29, toxaphene and demeton had caused a 
greater reduction in the to ta l entomophagous species 
than  the checks, whereas parathion and endrin reductions 
were less than  in the checks.

During the course of the experiment, the alfalfa leaf- 
hopper, Aceratagallia nAleri Van D ., was by far the  most 
common species, comprising more than  90% of the total 
population during the first test. Therefore, the effects of 
the several insecticides on this species determined to  a 
large extent the degree of reduction of the to ta l arthropod 
population. The pea aphid, Macrosiphum p isi (Harris),

Table 2.—Effect of four insecticides applied June ID to alfalfa on the populations of the most common arthropods, 1954.

N dmbeh Collected pe b  1*5 Sweeps on D ates* Shown ( J dne)

Abtbbopodr and Stage - 
o r  D evelopment

Untreated Toxaphene Parathion Demeton Endrifi
14 29 14 29 14 29 14 29 14

Bippodamia eonternaû A 
H. contergenty L 
Lygua lineclarU, A 
L. lineclaru, N 
Nabu alienutiu*, A 
N. ahematui, N 
Ortu# inndiosut, A 
0. irMio9U4, N 
Avhidius ap. 
ifacronphum jnsi 
Aceratagallia uhleri, A A. ukleri, S  
Empoatca fabae, A E./abae, N 
Spuri»tHu9 fê inuB 
rranklintella occidenfatiM Araneida 
Other species Totalfl

1
16
38

43
10

149
11

290
62
67

229
55

142
1.219

7
3 
6

18
0

22
11
12
4
8 

104 
149
IS3
4 

50
122
201
737

2
0
0
0
1
0
I
4
0
0

645
301

6
0

16
20

180
217

1.993

2
15 
17 
32

4
19
16 

110
8

379
32

116
22

0
2

220
70

290
1.S54

7
3
5 
2 
1

14
9
3
0
6 

57
219

9
2
7

47
133
175
099

0
0
1
0
10
2
6
0
0

869
273

7
3

40
10

354
303

1,869

10
17
28
55
11
19
49

169
14

553
8

69
31

3
1

340
82

316
1,775

5
3 

15
1
0
6 

25
9
4 

10
5 
96 
1 
3

64
242
205
613

1
0
0
2
0
I
0

12
5 
1

224
35
6 
3

46
25

427
413

1,201

11
18
32 
31

9
28
37

126
24

438
64
47
33 

3 
0

295

336
1,616

4 
0 
8
5 
2

10
24
19
4 

16 
33 
43
8
1
5

55
265
231
733

* The temperature wa. 81. 84. and 81 ' P.. respectively, and the wind velodt,- was 4. S. and 0 .

2
1
0
00
2
1

16
1
4

440
177

6
1

64
67

531
478

l»79 l

1
12
11
18
2

80
13

127
2

114
31

107
5
4
0

196
48

247
968

6
08
0
3

19
10
19
3
4 

50
112

6
0
4

66
144
168
622

2
0
2
2
0
\

13
23
0
0

698
148

6
5

17
56

505
259

1,587

.p.h., respectively, at the time the collections were made.



Table 4.—Effect of four insecticides applied Jtily 6 to alfalfa on the populations of the most common arthropods, 19SS.

N umb^  CoiXEcrcD per Sweeps on Datea* Shown (Jult)

ASTHBOPODe AND StAOC -  
OF DeVEU>PMKNT

Untreated Tox4pbeotf PATathioo Demetoa Endrio

8 15 8 15 8 19 15 8

Bippodamia eonwrveM, A 
H. fontergen*^ L 
CoUop» <(uadniMatlahu 
Aetididae,S ^
Lifffu* Utiiolaris, A 
L. lineolaru, S  
N a ^  aiiernahis, A 
N. alUnudu», N 
OriuM inridionu, A 
0. insidiosu9, N 
GeoeorU »p., A 
Geotoru $p., N
htacroiiphum pin  
Therioapku maculata 
Aceratagallia ukUri, A 
A. ukUri^ N 
Empoa»CQ fabae, A 
E.fabae, N
Ckryiopa plorafnmda, A 
C. plora^nda, h  
PranklinieUa oecidenialu 
Aranfida 
Otber apccies 

ToUb

8
9
0

13 
IT 
11
8
3

14 
61

1
0

29
866

15 
7

39
98
14
0

19
44

U S
1,501

15 
6 
1

17
10
7
9
2
5

14 
1
0

10
628
35

9
16
15 
9 
4
6

46
84

W7

19 
49 
45 
28 
13 
24

8
4

91
33

9
20 

0
2.162

87
51
49
31

1
]4
78

221
399

3,4S6

15
12
0

13 
$4
14 
7 
3

14
46

1
0

19
1,079

29
7

39
110

12
1

35

2,482

3
7
1
2
2
2
5
2
0
4 
0 
0 
s

394
47
16
12
23

2
I
5 

14 
80

«25

14 
S4 
21
8

13
1
5
3

202
2
10
I

1,108
46
21
42

9
3

15 
72

123
808

2,442

6
3
0

17
48
14
5
2

24
66
2
0

27
888

17
5

51
75
13
S

45

58
1,332

I
4
0
I0
10
0
1
4
0
0
1

46
1
0
1

25
1
0
7

19
51

164

1 1
22
29
19
23

3 
1

202
4
2 
2 
0

566
22

0
28
15
0
e

235
185
463

],£29

20
7
0

15
39
29

6
5

28
53

0
1

62
868
24

5
70

130
9
2

39

13
1.425

0
0
0
1 
1 
0 
1 0 
3 
7 0 
0 
3

45
5
1
2 

44
0
0
5

22
69

209

1 1
15
16 
9

10
1
7

179
5
2 
3 
0

306
15
1

28
19
0
5

178
176
465

1,442

10

33
14
5 
3

18
58
10

52
7M
23
10
29

115
6 
033

17
1,208

14
0
0
1
1
3
3
3
4 
0 
0 
2

76
18
7
1 7 
12 
6

10
47

197

3
19

1
10
6
0
5

213
1
5 
1 
0

661
42
6 

28
7
0

II
92

1)2
404

I,«29

* The temp^ature was 87, 88, and 92** F., respectivdy. at the time the colietUoDa were made. Three wan no wiod.

taken. Toxaphene and endrin were every effective and 
residual. O ther materials failed to reduce populations be­
cause of continued hatching of the eggs in the various 
plots.

Lygtis Hnedaris (P. deB.): M alathion was effective 
against nymphs and adults in the large scale test. No sig­
nificant changes were noted in the small plots.

iVatis aUematus Parshley: Parathion and it.alathion 
were the only toxic materials against this species.

Onus insidioswt (Say): Endrin, toxaphene, parathion 
and demeton were very toxic.

Therioaphis maculaltm: Parathion, demeton and endrin 
caused marked reductions; toxaphene was less effective in 
one test. There is evidence th a t th is species increased in 
the large scale experiment because malathion killed great 
numbers of the convergent lady beetle.

Macrosiphum pisi: Biological control masked the direct 
effect of the insecticides on th is species, bu t population 
increases were recorded in plots sprayed with parathion, 
toxaphene and demeton. Populations remained lower in 
the plots sprayed with endrin than  in the checks.

AceraiagaUia ■uhleri: Parathion, demeton and endrin 
were very effective; toxaphene less so.

Empoasca fahae (Harris): Parathion, demeton, and en­
drin were quite effective.

Chrysopa sp.: Population differences between treated 
plots and checks were not statistically significant.

E ffect on the D iptera , H ymenoptera, and Ara- 
NEiDA.—^No evidence was found th a t any of the materials 
reduced fly ptopulations. None of the insecticides had any 
measurable effect upon the populations of entomophagous 
Hymenoptera. There was also no relation between the 
numbers of spiders collected and spray treatm ents.

P a ra s ite -P re d a to r-A p h id  R a tio s  in  S prayed  and  
C h k k  P lo ts .—Since the population of aphids was 
greater in the plots sprayed with certain of the insecti­
cides, notably parathion and malathion, than in the 
checks, there was the possibility th a t these materials had 
made conditions more favorable for the aphids by killing 
their natural enemies. Comparable parasite-prtdator-host

ratios were studied for all of the plots sprayed with 
parathion or malathion in 1S54 and 1955 to determine 
this point. The data  are shown in table 5. The natural 
enemy complex consisted of the convergent lady beetle, 
the Aphidius parasite (a Braconid th a t did not parasitize 
Therioaphis maculata) and Chrysopa species. In  1954 the 
aphid was M. pisi and in 1955 M . pisi and T. maculatus. 
I t  is seen th a t for 1954 (table 5) and for the large scale 
test in 1955 (table 5) following spraying there were more 
natural enemies per aphid in the checks whereas the re­
verse was true in the sprayed plots. June 4, 1954, these 
differences had disappeared possibly due to  the greater 
attraction of the natural enemies to  the heavier aphid 
populations in the sprayed plots. In  the  small plot tests 
in 1955, (table 5) the ratio was also more favorable in the 
check plots than in the parathion plots and increased 
slightly July 15 in the check plots. On the other hand, it

Table 5.—Parasite-predator-aphid popuktion* ratios in 
alfalfa sprayed with malathion and parathion. 1954-1955.

D a t e

N uM BERfi OF A p HIDS 
PER 125 S w e e p s

N u UBER o f  E N E JflE S  
TO A p h id

Untreated Treated Untreated Treated

Paralhion, 195i
Apr. 88 50 91 4.5- 1 1 -  1.2
May 5 5 32 12.4- 1 1.5- 1
May a 13 38 1 -  1 1 -12.7
May 28 46 148 1 -  4 1 -29.6
June 4 413 940 1 -23 1 -16
June 9 290 553 1 -  9 1 -12.6

PaToShion, 1956
July 6 895 915 1 -28 1 -34
July 8 639 47 1 -20 1 -  7.8
July 15 2162 566 1 -26 1 -70

Malathion, 1955
May 10 138 428 2.4- 1 1 -  3.6
May 17 56 197 1.1- 1 1 -  5.2
May *4 22 73 1.7- 1 1 -  2.4
May 31 38 145 1 -  2 1 -  6.3

* Aphids were primarily the pea aphid id 1954 and in 1955 the pea aphid 
and the spotted alfalfa aphid were involved.



The Effect of Several Insecticides on the Total Arthropod 
Population in Alfalfa^

F .  A . F e n t o n ,  Oklahoma StaU University, Stillwater

Ab st r a c t

Sprays containing parathion, malathion, demeton, endrin or 
toxapheoe applied to alfalfa caused marked reductions of the 
total arthropod populations. Reductions were greater for the 
phytophagous species as a group than for the entomophagous 
species. The toxic effects of some of the insecticides to certain 
insect predators created favorable conditions for their prey which 
became more numerous later on in the sprayed plots than in the 
untreated checks. The specificity of certain of the insecticides

Considerable work has been dpne in the past few years 
on th e  effects of insecticides on beneficial insects, bu t so 
far as is known, no work has been published on the  effects 
of insecticides on the to ta l arthropod population in alfalfa. 
This paper reports results of a  two-year study, 1934 and 
1955, on the  effect of insecticide spray applications on the 
to ta l arthropod population in alfalfa. Gaines (1954). van 
den Bosch et a/. (1956), Ahmen (1954) and Wene (1953, 
1954), studied the  effects of a  number of compounds on 
the  beneficial species present in various crops including 
alfalfa.

The da ta  reported in th is paper are based on a  study 
of the  effects of toxaphene, parathion, endrin, and deme­
ton (Systox) applied to small replicated plots, each 1/40 
acre in size, and in one large scale field te s t where m ala­
thion was the insecticide used. The untreated checks in 
the  small p lot tests were replicated the same as the 
sprayed plots b u t in  the large scale te s t there were no 
replications and the check was a  f-acre plot of alfalfa in 
the  same field. The insecticides were applied to  the small 
plots a t  th e  rate  of 40 gallons per acre April S6 and June
10, 1954; and July 8, 1955, a t  the  following am ounts of 
actual toxicants per acre; toxaphene, 3 pounds, parathion, 
endrin, and demeton, i-pound each. In  the large scale 
test, malathion was applied a t the  rate  of |-pound in 8 
gallons of spray per acre. M ay S, 1955.

Populations were determined by sweeping with an  in­
sect net a t  the  rate  of 25 to  50 sweeps per p lot o r sampling 
area, depending upon a  pilot sample estim ate of the num ­
bers of arthropods present. In  the  small p lot tests each

caused profound changes in the components of the populations. 
The residual effects of all of the above were quite limited due to 
migration into or between plots. At the dosages used, namely 3 
pounds toxaphene, \  pound malathion, and \  pound each of 
parathion, endrin or demeton,—toxaphene was generally less 
effective than the others. Parathion was the most toxic to some 
of the beneficial species and endrin was the least toxic.

plot replicated was sampled; in the large scale field test, 
there were five sampling areas staked out in the sprayed 
p art of the field and five in the check area. Samples were 
taken before treatm ent, immediately after and sub­
sequently a t  various intervals, usually weekly, weather 
permitting. The procedure used has been reported by 
Fenton & Howell (1957). Determinations were made by 
specialists.*

D ue to  the  enormous numbers of insects and spiders 
collected it is impossible to  present all of the d a ta  by 
species, nor is this necessary. However, it  is well to  point 
out th a t a  to ta l of 396 species of insects, 15 species of 
spiders, and several species of mites were collected. Most 
of these were no t taken in sufficient numbers to  be in­
cluded in a statistical analysis of the data. Instead, with 
the  exceptions noted later in this report, they were 
grouped together for one p art of the study, into four

> Accepted for publication November 7, 1958.
* Grateful si^kaowledgment ii hereby given to Profeanr G. A. Bieberdorf and 

unstan t*  who applied the sprays aad to Professor D. P.. Howell who organized 
the project and who offered many helplul suggestions; to the following persons 
who made most of the identifications: P. W. Onu>n,S. Parfin, II. \V. Capp, A. B. 
Gurney, K . M. Sommermaa, B. O. Burks, C. F. W. Afuesebeck, K. V. Krom* 
bein, L. M. Walkley, T. J . Spellmian, R. E . Warner, G. B. Vogt, W. H . Ander­
son, A. E . Chapin, R, I. Sailer, L. M. Rnssell, D. A. Young, W . W. Wirth, 
R. H. Foote, A. Stone, C. W. Sabrosky, L. H. Weld, KeUie O'Neill. M . R. 
Smith, O. L. C srtnright E. W. Baker, all o l the U.S. DejM rtoeatof Agricslture 
or of the Smithsonian Institution: D. L. Wray, North Carolina Department of 
Agriculture; Vi. T. Gertach, the American Museum of Natural History; C. D. 
Michener, Kansas Univerait.v; M. W. Sanderson and H. H. Ross, Illinois 
Natural History Survey; and F. C. Hannston, Logan, Utah. Professor Carl 
Marshall and assistaats. Statistical Laboratory, Oklahoma State Univerntyi 
analyzed the data for statistical significance.
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continued to  remain low in the parathion plots. The in* 
crease of the aphid population Ju ly  15 over th a t recorded 
Ju ly  8 was due to  m igration into the plots.

T h e  I n f l u e n c e  o f  P o p u l a t io n  C h a n g e s  C a u s e d  b y  
M ig r a t io n s .—^There was a  continuous change in the 
quantitative species comi>oneat3 in the unsprayed alfalfa 
between dates of sampiing. Sometimes this was due to  a 
combination of the attraction of large numbers of pred­
ators which was followed by a  decline in their principal 
prey. The early heavy pea aphid population was prac­
tically wiped ou t in  1954, by a  combination of lady 
beetles, lacewings, and a  braconid parasite. The same was 
true for the spotted alfalfa aphid and the pea aphid in the 
large scale test in 1955. Ju st a»soon as collections showed 
large numbers of thrips this was followed by large numbers 
of adult Orius, later by their nymphs and then both the 
thrips and Orim  populations decreased.

M igrations into both sprayed and unsprayed plots 
tended to  mask the effects of the insecticides. If this 
happened a t  or ju st before a spray treatm ent then it was 
possible to  evaluate the effectiveness of the insecticides. 
This was the  case w ith the alfalfa leafhopper in 1055. 
W hen migration came later as was the case often with 
the  po ta to  leafhopper or the  six-spotted leafhopper, then 
no da ta  were obtained.

The spotted alfalfa aphid has strong migratory tend­
encies. Therefore, records were taken in the small plot 
tests in  1955 of the  percentage of winged aphids. A t the

tim e the plots were sprayed July 6, an  average of 19.8% 
were winged, Ju ly  8, 23.1% and July 15, 40.4%. When 
comparisons were made of the effects of the  insecticides 
by counts of wingless aphids it  was found th a t there were 
1706 in the  check plots per 125 sweeps, compared with 
839 for tozaphene-treated plots, S24 for endrin plots, 127 
for parathion and only 82 for demeton plots. Thus an 
influx of winged aphids into all plots masked the real 
residual effect of these insecticides.
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