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AN ECOLOGICAL STUDY OF TOXOPTERA GRAMINUM
IN PAYNE COUNTY

P• .!. OKTOK,' 0....... A. ..... CoDep, Stillwater

The IN8n bq (Tozo"tera gra""n.", Rond.) .. a plant 101188 infest
IDe ncb farm crope .. barley, oate, and wheat. In Oklahoma, Infestations
develop In the late fall in the form of deadened more or le88 circular
areu in fleldl of lIDall graine luch .. wheat. The following spring theee
areu may enlarge and become contluent, and most of the wheat or bar
1.,. may be 4.troyed. Al8o, mUllone of winged aphld8 which have 4&
veloped In theee fieldl may migrate to flelde of spring-planted oats. like
wiN dutroJing them. In BOme yearl, as In 1941-42, the field8 may be
come inTaded by aphid. drifting In from Infested districts In Tems; and
In nch yean general field Infestations develop, rather than the more orI.. reatrlcted spotty tJ1)8 above deeerlbed. In other yearl, certain con
dltlonl, not clearly underltood, prevent further development of the green
bq In the Iprlng and little economic 1088 results.

The Importance of the green bug problem to Oklahoma farmers Is
IhOWD by the following hl8torlcal outUne, which gives the years of the
outbreaks and the extent of the Infeetatlons by number of counties in
felted:

1890-11 countl.
1101--8 counties
1907---etate-wlde except parts or all of 8 counties
1911-eaatern Oklahoma
1916-6 counties at least, poMlbly more
1921~ counties
1926-4 .. (records very Incomplete)
1934-7
1937-4)
1938-3
1939-U
1941-9
1942~3 reported with at least 14 others Infested

The 1907 outbreak was the mOBt widespread and de8tructlve. It was
eaUmated by Webster and Phllllpi (1912)' that 60,000,000 bushels of wheat
were de8troYed In Kan888, Oklahoma, and TeDS. In 1939, the estimated
tlnanclal 10811 In Oklahoma was '608,704.30 (Fenton and Fisher 1940).
Flpres for the 1943 outbreak are difficult to obtain and in 80 far as
the wheat crop was concerned 8eem out of Une with the total wheat pro
ducUon for the state. This was because the pest caused very little dam
ace to wheat In the main wheat belt of Oklahoma, where conditions for
this crop were unusually favorable. However careful analysis of the
ltate production by districts as outlined by Blood and HUI (1941 ) indi
cate a reducUon of the wheat crop by 7,189,276 Dushels. Losses to oats
and barley were much more 88ftre.

At pruent, the best hope for pre'V8Dting injury by this peat i8 In the
4e'V8lopment of reaiatant varleUea. Teate haft shown great differences
amona varleUea of barley In damap caueed by the green bue- and there

l'!'be wrtw wIab.. to acltDow1edp the asststanee of II. H. n.her &ltd W. T. :Mallon til tbI8
atud7•

.....&1 nport or ..rteU &lata at LawtoD, Oklahoma. b1 1l. G. DaIuu.
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are 80me Indications that thfa fa al80 true for oats (Fenton and Fllher
1940). Development of reefatant ftl1etiee would nqulre a loq time.
lleanwhlle. Information fa badly needed on the ecology. of the Ineect, eepe
cfally with reference to the effects of paraalttsatlon and predation on Its
multiplication. With Ws In mind, obllenaUona were made In 19at In
eelected heaTf1y lnfeated wheat and barley fields In Pa7De County. The
results ot this study have been pubUshed (Fenton and Fisher 1940); alnae
then two other outbreaks In Pa7De County have been studied. one durtq
19U and the other during 1943.

REVIEW OF PREVIOUS WORK
The biologies of T. gram'".m and that of Its principal parasite (~

riphhlbtu te.tacripea) have been carefully studied. as has al80 the Influ
ence of weather on outbreaks of the pest. Webster and PhUUpa (1912)
state "Probably the whole secret of the disastrous outbreaks of Tozoptera
gram'",,,,,, lies in the fact that this parasite i8 not acUve at a temper
ature much below 56° F while . . . the aphis begins to reproduce In a
temperature at or slightly below 40° F...n Wadley (1931) found that
the green bug could develop at temperatures between 44.6° and 91.4° F
but that moat rapid development took place at 88° F and maximum repro
duction at 71.6° F. Death occurred Quickly at 5° and 107.6° F. Hunter
and Glenn (1909) noted that at 17° F the parasite in its adult stage was
kllled. whUe at 35° F It attempted to sting the bugs in a very feeble
manner but apparently without success. The host was parasitized at 88°
to 40° F. As the temperature rises above .5° F parasite activity in
creases and appears normal at 70° F. The conclusion reached by various
authorities as a result ot these and other studies is that incipient green
bug infestations develop rapidly at temperatures SUfficiently high for the
aphid, yet too low for much parasite activity. When and if a rise In the
temperature occurs, the parasite becomes very active and Quickly term
inates the outbreak.

TECHNIQUE

In!eltatwf' data. In 1939. Infestation counts were not started until
April 13, some time after other records were being taken. The method
consisted of taking 50 leaves within each of 5 infested spots in a field
and counting the number of leaves with green bugs on them. In each
Infested spot, leaves were picked from 3 rows In the heaviest or Inner
part of the spot, 3 rows next to these and then 3 rows beyond them.
These rows represented, respectively, the heaviest, medium. and lightest
infested portions of each spot. In computing the mean Infestation within
each spot, the average was taken of leaves picked from all 9 rows. This
figure, averaged with similar data for the other spots tn the same field
examined, gave a picture of the mean infestation for the infested portion
of that particular field for that day. Since records were taken from 6
fields, in each one of which 6 spots were sampled. the dally average as
listed for 1939 In Table I represents the mean of 25 infested spots in 6
fields. Such a figure obviously does not give a true picture of the In
testation for the fields. since the leaves were selected from the infested
portions and these might represent only about half ot any field, the rest
being unlnfested. However, the Idea was not 80 much to study the total
Infestation of the field as it was to evaluate parasitization and predation
on the green bug population.

In 1941, the Infestation counts were made Within the tnfeeted spots
88 In 1939 except that 20 leav.. were picked at random trom each spot
or 100 leaves per field. Data on the intensity of the infestations. 1. e., the
number of aphids per leaf, were aleo taken. From 3 to 6 field. were
sampled (Table II). Infestation counts In 1943 were taken from 6 polntll
selected at random for the entire field. Twenty leavea were picked at ran-
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'dom troIII each pofDt. SIDce the 1M! lDI-mtfOD was generally due to
atarato..,. aphlda, the J'eeOI'U are a YfJr7 cloee approDmaUon of aetual
fteJcl IDt.-t&UoD concIltfou. lI'IYe to .Ix fields ...ere 8&lDpled (Table III).

1'Gt'fJIUWGtfoJl. DuriDg all three yean the percentage of paJ'88ltba
tin eaued by 14."Ak'bu tut4cdfIU ..... determined by random eamp
Uq of Int.ted leaves within selected 8POta. ~uch leaves were placed in
"cohol, brought fDto the laboratory, and examined under a binocular micro
ICOpe.

p,.e44tfoft. The moat common insect predator was H(ppod4ml4 contI.,-... The numbere of this speeiea in each spot examined for the
three yean ..... determined by counting the larvae, pupae, and adults
at two location. In eaeh spot. Each location consi8ted of 3 Itnear teet
of plante or 80 ltnear feet per field. Only the larvae and adults were
couldered .. active gredatol'8 In this study.

RESULTS

It I. difficult It not impouible to compare green bug infestations of
different yean. However, certain trends are definitely shown. In 1939
(Table I) tbe tlret counts were made after the Infestation bad begun to
deeltne, baled upon general observation8. Torrential rains on April 4
and 6 abruptly checked what was a very rapidly increasing Infestation.
Following more rain on April 6, there was a period of dry weather dur
Ing which the green bug began to recover from the devastating effect of
thue ralna. The highest Infestation recorded, however, was only 63.2
percent on April 14. The effect of the parasite on the decline in the
infestation appears to be secondary. The percentage of para8itization
varied considerably in the fields sampled, yet the downward trend of the
InteetaUon was about the same In all. H. conver,e"" larvae were very
numerous early In the period of study; the beetles were abundant later on.

In 1941, the peak of the infestation occurred at or about the time the
records were begun (Table II). The infestation dropped very much faster
than during the period In 1939 when records were taken. Furthermore,
there are important differences In the number and time of appearance
of predatora and parasites during these two years. There was only one
period during which predator activity was marked, namely April 13, as
compared with two periods, April 3 and 27, in 1939. The percentage of
parasitization was very much higher in 1941 than in 1939 or 1942. It
II wry evident that parasites and possibly predators were much more
important in checking the infestation than in the other two years.

A much more complete picture of the infestation was obtained during
1943 than for the other two years (Table III). There was much more
rainfall than In the other two years Qurtng the period when observations
were made. The percentage ot parasitization was lower in 1942 than in
either of the other two years, whlle predators were exceptionally few.
The decline and termmaUon of the infestation in 1942 could not possibly
u'Ye been due In any large degree to the controlUng effects of these
natural enemiee.

DISCUSSION
If we coulder the infested epota in 1939 and 1941 as units of study

and the enUre field In 1941 III the BaIIle manner. then it can be said that
dUl'blg all three years we were atudylng a known aphid-predator-paraBite
COIDplu. Thfa being the cue, It Ie poealble to evaluate the effeeta of
the predator aIld paraalte on the hoat. Complete fipres are avaUable
oab' for the declfDe in the lDfestaUon from ita peak daring the three
;rean. Sach a deeliae took place In all three yean repnileu of ho...



ACADEMY OF SCIBNCE FOR 1942 1'1

numerous the natural eneml. of the aphids were. The deellne was most
rapid. however, during the year when parasites were moet Dumeroua,
namely, 1941. Also during this year predators were very active at the
peak of the lnfestatlon and may have contributed to the control of the
aphid. In 1939, paraattes became abundant late in the infestation period
and helped destroy the remnants of the aphid pOpulation. Th18 was Uke
wise true for the predators during 1939. The effect of parasites and
espeelally predators was minor in 194.8.

SUMMARY

Three years study of green bug infestations in selected wheat and
barley fields in Payne County. Oklahoma, were made to evaluate the
effect of parasites and predators on this aphid. In two of the years, one
species of predator, H'ppodamSa co"vergen" was sufficiently numerous
to have exerted some pressure on the aphid population, although not
enough to check it. In one year, the parasite LII"pMebu teBtacdpu
seemed to have been a very important factor in checking the green bug;
In one other year it became abundant only in time to destroy the rem·
nants of aphids late in the period of the infestation. In the two yean
when biologic control was secondary, heavy rainfall appeared to be the
principal factor checking the outbreak and indirectly was involved in
terminating the Infestation in that it promoted rapid growth of the plante,
thereby making conditions more unfavorable for the aphid.

LITERATURE CITED

mood, K. D., and M. L. HUI. 1941. Wheat production in Oklahoma.
Okla. Agrf. Exp. Sta. Circ. 92:1·61.

Fenton, F. A., and E. H. Fisher. 1940. The 1939 green bug outbreak
in Oklahoma. J. Ec. Ent. 33(4) :628·634.

Fisher, E. H. 1939. Ecological studies of 'l'oxoptera gram'"um. Ma.
ter's Thesis, Oklahoma A. and M. College (typewritten) 44 p.

Hunter, S. J. 1909. The green bug and its enemies. Bull. Univ. Kans.
9(2) :1·163.

Wadley, F. M. 1931. Ecology of '1'oxoptera gramtn""m, especially &I
to factors affecting importance in the northern United States. Ann.
Ent. Soc. Am. 24(2) :326-396.

Webster, F. M., and W. J. Phtllips. 1912. The spring grain-~hil or
"green bug". U. S. Dept. Agr1. Bur. Ent. Bull. 110: 1-163.



T
A

B
LE

1
A

f1
tII

G
6e

,r
em

6
".

in
/U

II
Il

iD
n

in
le

le
ck

tl
/ie

ltlI
.

pe
rc

en
t

01
pt

sr
as

iti
m

tio
n,

GJ
Ul

"e
4

4
Io

r
po

pu
l4

li
D

A
;

P
ay

ne
C

o
..

".
O

il&
..

1
m

N
o.

o
f

Cl
O

CC
Ia

el1
ld

l
N

o.
o

f
P

er
ee

nt
o

f
lD

te
at

&
U

O
D

P
er

ce
n

t
o

f
p

u
u

lt
lu

.t
Io

D
p

er
S
f
.

o
f

ro
w

.
D

at
e

tl
el

4a
K

In
.

J
fu

.
A

t'.
K

In
.

lI
ax

.
A

t'.
K

In
.

JI
u

.
.lo

y.

41
13

5
'n

.9
51

.2
37

.4
2.

4
28

.9
10

.2
1.

2
8.

3
U

14
5

26
.9

53
.2

37
.2

2.
7

'n
.7

10
-7

1.
3

6.
7

U
15

5
19

.7
33

.3
26

.9
6.

4
33

.4
15

.0
1.

6
U

s.o
18

5
8.

7
19

.7
15

.0
4.

4
62

.0
26

.6
1.

8
10

.1
U

19
5

10
.8

21
.3

16
.2

4.
2

69
.8

24
.9

2.
7

U
3.

5
20

5
10

.7
20

.1
16

.2
4.

2
57

.5
26

.4
2.

9
5.

2
U

21
5

8.
5

18
.7

13
.5

7.
8

61
.5

Z
l.9

2.
6

4.
5

as
23

5
7.

1
18

.0
12

.1
10

.8
57

.3
28

.6
6.

1
16

.2
a.s

24
5

6.
7

18
.3

12
.3

10
.6

SO
.5

25
.7

5.
7

8.
8

7.
9

25
5

6.
3

18
.5

13
.2

10
.8

66
.9

32
.2

6.
2

2S
.S

12
.3

26
5

6.
0

18
.1

12
.0

18
.7

66
.1

36
.5

8.
2

2S
.5

11
1

Z
l

5
6.

1
17

.9
12

.5
24

..8
62

.9
39

.2
10

.0
17

.0
1&

.0
28

5
2.

3
18

.0
8.

2
31

.2
67

.7
46

.0
6.

1
13

.3
9.

4
30

5
1.

2
13

.9
6.

3
43

.2
68

.1
53

.8
5.

5
13

.2
8.

5
5/

1
5

0.
3

8.
8

3.
0

58
.3

71
.6

64
.4

3.
3

8.
1

5.
0

2
5

0.
1

4.
1

1.
4

54
.0

65
.4

60
.2

3.
3

7.
2

4.
7

3
5

0
1.

5
0.

6
SO

.O
10

0
6S

1.
6

4.
0

2.
9

5
5

0
0.

8
0.

3
36

.5
10

0
SO

.8
1.

3
3.

3
U

8
5

0
0.

3
0.

1
68

.3
10

0
93

.7
0.

5
2.

3
1.

3

II
L

ar
va

e
an

d
ad

ul
t.

.
P

ea
k

of
la

rv
al

po
pu

la
ti

on
,

A
pr

il
7;

of
ad

ul
ts

,
A

pr
il

'n
.

I;: I ~ a ~ =



TA
B

LE
II

A
ve

ra
se

B
re

m
bU

B
in

je
st

at
io

n
in

se
le

ct
ed

fi
el

ds
,

pe
rc

en
t

o
j

pa
ra

si
ti

za
ti

on
,

an
d

pr
ed

at
or

po
pu

la
ti

on
;

P
ay

ne
C

ou
nt

)',
O

kl
a.

.
19

41

N
o.

of
co

ce
ln

el
11

dl
N

o.
of

P
er

ce
nt

of
In

fe
st

at
io

n
P

er
ce

nt
of

pa
ru

lC
tz

aU
oD

p
e

r
8

fe
et

of
ro

w
"

D
at

e
fl

el
da

K
ln

.
M

ax
.

A
.v

.
M

in
.

M
ax

.
A

v
.

K
in

.
K

ax
.

A
y.

-
4

/
S.

9
6

75
99

92
.8

3.
6

51
16

.5
2.

6
14

.0
5.

4
10

-1
1

6
84

10
0

94
.8

11
.0

62
23

.7
1.

5
28

.0
11

.3
12

·1
4

5
55

98
87

.8
18

80
35

.4
11

.0
18

.9
15

.0
15

-1
6

6
0

97
57

.5
30

10
0

57
.2

1.
5

4.2
.1

14
.1

17
·1

8
6

0
93

38
.3

46
10

0
74

.7
0.

6
19

.6
8.

1
19

-2
0

6
0

55
17

.0
56

10
0

80
.2

1.
0

18
.6

5.
3

21
·2

2
4

4
35

15
.3

55
96

76
.0

1.
5

16
.5

7.
0

23
-2

5
4

1
3

1.
5

85
10

0
93

.4
0.

6
11

.1
3.

8
26

-2
7

5
1

10
4
.
8
~

80
97

88
.0

0.
4

9.
1

3.
9

30
5

0
9

2.
0

82
10

0
96

.0
0.

3
60

S
2.

2
5

/
1

3
1

4
2.

0
80

98
91

.3
1.

1
4.

6
2.

4
3

3
0

3
1.

3
....

....
....

...
...

...
..._

...
....

....
....

....
..._

...
6

3
0

2
1.

0
...

...
..

...
...

..
....

_...
..

....
....

....
....

..._
...

"L
ar

v
ae

an
d

ad
ul

ts
.

~ i ~ ~ Q ~ == C ==



T
A

B
L

E
m

A
.,

."
.e

IT
e

m
bU

6
in

lu
tt

lt
it

m
in

se
le

ct
ed

/ie
ltl

I.
p

e
rC

m
I

01
pt

zT
,u

ili
zt

zt
io

n.
an

d
p

re
d

a
t6

r
po

pa
/G

io
n;

P
flY

IM
C

o
lU

lly
.

O
k1

&
.

19
42

N
o

.
o

f
C'

O
O

CI
D

elI
l4

I
N

o
.

o
f

P
er

ce
D

t
o

f
lD

fe
.t

a
U

o
n

P
e

rc
e

n
t

o
f

p
a

n
d

tl
a

U
o

D
p

er
S

te
et

o
f

ro
w

,.
D

at
e

t1
eI

da
II

ID
.

1
Iu

.
A

y.
lI

lD
.

M
a

x.
A

y.
J0

1l
.

Jf
ax

.
"'Y

.
3
/
~
2
7

6
19

60
35

.5
2.

9
14

.2
8.

6
0

0.
1

G.
az

28
-2

9
6

15
52

30
.2

6.
1

12
.7

9.
2

0
0.

1
0.

03
30

-3
1

6
21

78
4

9
2.

3
1"

-1
7.

9
0

0
0

41
1·

2
6

Z1
7

0
55

.2
"-

5
14

.8
9.

2
0

0.
1

o.o
s

3-
4

6
3

9
88

M
"-

9
31

.3
13

.5
0

2.
3

0.
5

5-
6

6
64

84
71

.7
"-

9
35

.0
19

.1
0

2.
9

1.
5

7·
10

6
oi

2
98

72
.2

4.
6

49
.2

22
.4

0.
1

4.
0

0.
9

11
·1

2
6

33
93

69
.2

8.
3

M
.8

19
.6

0.
6

4.
0

1.
8

13
-1

4
6

44
9

4
71

.7
7.

1
48

.7
23

.9
1.

0
2.

5
1.

6
15

-1
6

6
21

94
61

.3
8.

6
59

.5
32

.1
0.

3
3.

2
1.

4
22

5
1

80
31

.2
16

.6
38

.0
Z

l.
5

6
0

0.
8

0.
2

25
-2

6
5

0
Z1

10
.8

26
.9

61
.8

44
.4

(
0

1.
0

0.
3

27
·2

8
5

0
4

1.
8

...
...

...
....

....
....

....
0

0.
3

0.
1

29
-3

0
6

0
10

3.
5

....
....

....
....

.
...

...
...

0
0.

7
0.

3
5/

1-
3

6
0

6
3.

7
...

_...
.

....
....

....
....

.
0

0.
5

0.
3

•
L

ar
va

e
an

d
ad

ul
t•

.
6

3
fi

el
d•

.
t

2
fi

el
da

.

" I i fA ~ a ~ ~


	p014
	p015
	p016
	p017
	p018
	p019
	p020

