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Effect of Some (;rop 
Rotations on \Virew 
Populations in 
Irrigated Lands1 

By K. E. Gibson, i'f. C. Lane, W. C. Cook, anll E. \V . .Tones,' Dlltomolollists, 
Entolllology Research Division, Agricultural Research Sen'ice 

.A. study of wil'eworm popuhttions jn relation to crop rotations was 
conducted at Prosser, ,Vasil., from 10;3G through 1D46. This study 
was incidental to lLgronomic experiments begun in 1935 by the "1Vash
ington Agricultural Experiment Sta.tion, the l'csnlts of which were 
published by Nelson and Larson (3).3 

The objective 'was to determine the eIred of rotation length, of 
various crop sequences, and of cerblin individual crops on any varia
tion in the numbers of 'wireworms from yeal' to year and oyer a period 
of years. Some other pertinent facts lUlYe been brought out and al'e 
discussed later. 

The wireworm population 'was comprised almost entirely of the two 
economic species most common1y found in il'rigated lands-the Pacific 
Coast wireworm (Limoni1ls canus Lee.) and the sugar-beet wireworm 
(L. cali/omicus Mann.). 

Procedure 

Plan of EJ(~eriment 
There were 102 rotation plots, each 0.1 acre in size, established on a 

Sagemoor fine slLl1dy loam soil neal' Prosser. The Sagemoor series 
is the most extensi \Te irrigated soil series in the Yakima Valley and 
occurs in large areas of the Columbia Basin of 'Vashington. There 
were six 7-year, two 5-year, four 4-year, and fiye 2-year rotations, 
as well as five crops that were grown continuously. For each robt
tion there was a plot for each rotation year. These plots were placed 
side by side and crops "were assigned to them in the same sequence 
as the rotation. The 7-year rotations consisted of 4: years of alfalfa 
seeded in wheat, followed by l3 years of row crops (corn, sugar beet, and 
po~ato) in varying sequences. The 5-year rotations consisted of 3 
years of alfalfa, Rlso seeded in wheat, followed by 2 years of row 

1 H. P. Singleton and C. E. Nelson, of the Washington Agricultural Experiment 
Station, anll C. A. Larson, H. P. Lanchester, llnd C. A. Amen, of the Agricultural 

• 
Research SerYiee. assisted ill these experiments. 

"Deceased August 3, H)1ju. 
3 Italic numbers ill parentheses refer to Literature Cited, p. 19. 

1 
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crops. The 4-year rotations were made up of 2 years of sweetclover 
seeded in wheat, followed by 2 years of row crops. The 2-year rota
tions consisted of various combinations of wheat, corn, sugar beet, or • 
potato. The continuous crops were alfalfa, wheat, corn, sugar beet, 
and potato. The field-p1ot arrangement and the crops grown in each 
plot III 1935 are shown in figure 1. 
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FIGURE 1.-Field-plot arrangement of various rotations of crops in 1935. Plots 
in the same rotation are joined by shading. 

The five continuous crops and the five 2-year rotations were partially 
replicated in duplicate III this study. The plots of one replicate 
received 12 tons of barnyard manure per acre annually as fertilizer, 
while the other replicate received no fertilizer. A third partial repli
cate of the wheat-potato and corn-potato 2-year rotations was given 
additional treatments. Sweetclover was planted in the wheat and 
was plowed under as a green manure crop just before the potato 
crop was planted the next year. In the third set of corn-potato 
plots, ¥.~8 tons of chopped alfalfa hay per acre was applied annually • 
as fertIlIzer. 
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3 EFFECT OF CROP ROTATION ON WIREWORM POPULATIONS 

None of the rotations were absolutely replicated; therefore, re1?li
cation for wireworm counts had to be obtained indirectly. Durmg 
each rotation, each plot grew every crop once in that rotation so the

• annual wireworm counts could be used to obtain replication in time. 
Thus, each year that all the plots were sampled contributed a partial 
rerlicate. 

In addition to this replication in time, it was also possible to set up 
groups of plots for which the cropping history was the same for 2 
or more successive years, such as potato following alfalfa or corn 
following alfalfa, in both of which there were three replicates each 
year (in. different rotations). 
Mefh~ds of Making Wireworm Counts 

The wireworm populations were sampled by the methods described 
by Jones (~). Most samples were taken to a depth of 2 feet, and the 
soil was sifted through screens, the finest of which had 14 meshes 
per inch. The wireworms were removed, counted, and sorted to size; 
both larvae and adults "ere classified to species and the sex of the 
adults was determined. 

Samples were taken annually in March. During the first 3 years 
a series of 23 plots, 1 from each rotation, was selected at random for 
sampling, and 20 1-sqllare-foot samples were taken from each plot. 
It became evident that, while the method gave r,dequate samples of 
these particular plots, it did not give sufficient information regarding 
changes over the rotations as a whole. Therefore, the procedure was 
changed in 1939, and a set of 10 samples of approximately 1A square 
foot each was taken with a 6-inch soil auger from each of the 102 plots. 
These samples did not yield adequate information regarding the 
individual plots but gave much better information regarding the 
vadous rotations than had been obtained earlier. 

The sampling records of 1939-44 showed that, in March, about 73 
percent of the wireworms were found in the top foot of soil. Ac
cordingly, only the 7- and 4-year rotations were sampled to a depth of 
2 feet m 1945 and only the 4-year ones in 1946. This sampling was 
done to obtain 7 years of records to a depth of 2 feet in the 7 -year 
rotations and 8 years of such records for the 4-year ones. For com
parisons with these rotations, the other wireworm population figures 
were increased proportionately in these years. 

Annual Changes in Wireworm Populations 

Since the arrangement of the plots or rotations was systematic rather 
than randomized and since the rotations were not replicated, it was 
highly important to know if the original distributIOn of the two 
species of wireworms over the experimental area was random. Ob
yiou.sly, the distribution would become systematized with the passage 
of time if the various crops and rOLutions affected the wireworm 
population. A simple analysis of variance of the popUlation counts 
for 1936 showed that the variance between rows or between columns 
was of the same order of magnitude as that within them for each 

• 
species of wireworm and for the total population, with no significant 
differences. This analysis indicated that the original wireworm dis
tribution was random and counterbalanced the systematic arrange
ment of the rotations. 
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During the period of study there was a considerable fluctuati.on in 
the average wireworm population of the plot area. To determine if 
the change of base after the third year affected the averages seriously, • 
the figures for the same 23 plots used for the first 3 years were averaged 
for the period 1939-46. This average ran slightly, but not sig
nificantly, higher than that for the whole series, so the averages for 
the two periods have been tabulated together in table 1 and plotted in 
figure 2. 

6 
t- ..... --.....O ~ r\. >-0)~5 

./ ~~ 
<~ 

a:3 
/ --~ ..... ( ~~ 

.... 
Q. .--- ~~-.:.1', ""~:~vl \ ..~/ , 
~2 !.. ···i 
a: ~-.:..-' 'I'" ",,-CA.!..//'": J....... " --......... V-

~-...... -.o ....., 0'?1\t '. .. ............ .......... -
--"'~E(;s~I 

a: ''-l
1'--_~ )---<p.---'~ 

o 
1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 

FIGURE 2.-Ayerage populations of Limoniu8 wireworms per square foot in 

rotation plots near Prosser, 'Vash., Hl36-46. 


TABLE I.-Average numbers of Limonius wirew01'ms (adults and 
la?'vae) pm' squa?'e foot in rotation plots near P1'osser, Wash., 
1936-46 

Year L. caUJornicus L. canllS Both species 

1936 _____________________________ _ 
1.6 1.5 3.11937 _____________________________ _ 1.8 2. 3 4. 11938______________________________ 
2.4 2.8 D. ?1939 _____________________________ _ - u 

2. 7 2. 8 5.51940 _____________________________ _ 
2. 0 3. 3 5.31941_____________________________ _ 1..4 2. 8 4.21942 _____________________________ _ 
1.2 2. 1 3. 31943_____________________________ _ 
.6 1.4 2. 01944 _____________________________ _ .4 1.7 2. 11945_____________________________ _ .4 1.3 1.71946 _____________________________ _ 
.5 1.5 2. 0 

LSD-5 % leveL ______________ --- .9 1.2 1.6
1% leveL ________________ _ 1.2 1.6 2. 1 

The wireworm population of the plot area increased gradually • 
during the first 4 years, reaching a peak between 1938 and 1940. After 

http:fluctuati.on


5 EFFECT OF CROP ROTATION ON WIREWORM POPULATIONS 


1943 the population remained relatively stable. The curve of average 


• 
abundance probably reflects the general effects of cropping practices 
on wireworms in that area. Before the plots were started, the entire 
field was in alfalfa. The change to the various combinations of truck 
and forage crops at first stimulated the production of wireworms. 
Later, as the short rotations were repeated and plots were left longer 
in single crops, the wireworm populations approached a state of 
equilibrium, reflecting what might be expected lmder the various 
rotations in that area. L. califO'l'nicu8 made up about half the wire
worm population until 1940 but declined greatly after that time. In 
1946 only about a quarter of the wireworms present were this species. 
Although the 'population of can1t8 was doubled by 1940, it subsided 
to about its orlginallevel after 1943. These population trends differ 
from those found by Shirck and Lanchester (4) in their studies in 
southern Idaho. In the Idaho area, californicu8 was the predomin
ating species and remained so during the four seasons of study. 

The steady and quite consistent reduction in the overall elaterid 
population in the Washington plots from 1939 to 1943 and the ap
parent leveling off from 1943 to 1946 may represent part of a cyclic 
trend. The population might have /!1.'adual1y increased again if the 
rotations had been carried on longer, but "data are Lllslifficient to 
establish this point. 

In. view of considerable fluctuations in wireworm populations during 
the period of study, there was a possibility that the heavier hrfesta
tions during the early part of the study weighted the results lmduly 
A.ccor~lingly, the population. for each plot in each year was reduced 
to an mdex number based upon the average popUlation of the whole 
series, and these numbers were used in comparisons of crops and 
rotations over the period. The comparisons obtained with the index 
numbers did not vary significantly from those obtained with actual 
popUlation figures; so the latter are used exclusi,ely in this paper. 

Wireworm Populations in Rotations of Different Lengths 

All the rotations contained combinations of the same crops, and 
rotations longer than 2 years included 2· or more years of a legume 
crop followed by 2 or 3 years of a cultivated crop. Sweetclover was 
the legume used in the 4-year rotations and alfalfa in the others. 

Field studies over many years 11a,e indicated that camus can main
tain itself well in cultivated crops, while californir'1.l8 is more generally 
found. in meadows, pastures, and irrigated grainfields where culti
vatioll occurs only at rather long intervals. These differences, together 
with the fact that canU8 usually lays its eggs in bare soil while caZ'i
fomicu8 prefers soil that is shaded by vegetation, should be kept in 
mind in following the discussion of this study. 

The data on rotation length were analyzed by considering each rota
tion as a single series without regard to the number of plots, calculat
ing the average popUlation of each rotation and considering each year 
as a replication. This analysis showed that canll~ was the more 
abundant species in the continuous plots and 2-year rotations, while 

• 
both species were present in apparently equal numbers in the 5-year 
rotations (table 2). L. califomicu8 was also abundant in the con
tinuous plots, largely because of the presence of alfalfa and wheat 
in the series, both of which furnished favorable conditions for this 

http:californir'1.l8
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TABLE 2.-Average numbers of Limonius 'wireworms per square foot 
in rotations of different lengths, 1939-46 

Years of rotation L. canus L. cali Both •fOTnicus species 

7_______________________________________ L 3 Q 9 a 2 
5_______________________________________ L 6 L 6 3.2 
4_______________________________________ 2.2 1.2 3.4
2_______________________________________ &0 .8 &8 
1_______________________________________ & 0 1. 2 2~ 

1---------1--------1-------
LSD--5% leveL_______________________ .5 .3 .7 

1% leveL_______________________ .7 .4 1. 0 

species. Omitting these two crops, oalifomious averaged 0.5 per 
square foot in the remaining continuous plots, the smallest popula
tion in any length of rotation. 

L. oalifomious was more abundant in the 5-year than in the other 
rotations. L. canus was more abundant in the shorter rotations, and 
since it was the more abundant species throughout most of the rota
tions, the total population of both species increased gl'aduallyas the 
rotations became shorter. 

Effect of Continuous Cropping 

A study of the effect of continuous crops on the wire,,-onn popula
tions should help explain the effect of crop rotations on them. The 
average populations of the two species for the 8-yeal' period are 
gi ven Jll table 3. 

TABLE 3.-Average numbers of Limonius 1.oirowOl'7nS per sq1taro foot 
in plots under oontin1t01tS O1'opping, 1939-46 

Crop L. canus L. cali- Both 
fOl'nicus species 

Wheat__________________________________ 5.2 2.4 7.6 
Potato__________________________________ 7.1 .2 7.3 
Corn ______________ -----________________ l. 2 L 1 2.3 
Alfalfa _____________ --___________________ .5 1. 5 2.0 
Sugar beeL_____________________________ 1. 1 .3 L 4 

LSD-5% leveL __ ---__________________ L 6 1. 2 2.1 

1% leveL _______________-_______ 2.1 1. 6 2.8 


L. oanus was more 'tbundant in wheat and potato plots, less numerous 
in corn and sugar beets, and scarcest in alfalfa. L. oalij07'1Li01.ts was 
most abundant in wheat and least so in potato and sugar-beet plots, 
while the infestation was intermediate in corn and alfalfa. Of these 
crops, wheat maintained large, sugar beet small, and corn intermediate 
populations of both species. The largest total populations were fou,nd • 
III plots of wheat and potato. 

http:oalij07'1Li01.ts
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• 
A comparison of the wireworm populations in the Immured and Wl

manured plots showed only one difl'erence-populations of camlS were 
larger in the plots of manured potato. 

Wireworm Populations in the Various Rotations 

Wireworm Populations in the 2-Year Rotations 
In discussing the continuously cropped plots, it was shown that 

"wheat and potato were favorable for canus, while corn and sugar beets 
,vere not. When these crops were combined into 2-year rotations, the 
wheat-potato sequences contained the largest populations of canus, 
,,-hile the sugar beet-corn ones conbtinec1 the smalJest. The other com
binations, each containing one favorable and one unfavorable crop, 
supported intermediate populations of calms. 

In the continuous plots, wheat ll1aintainedlarge, corn intermediate, 
and potatoes and sugar beets small populations of cali/amicus. In 
the 2-year rotations, this species was found ill fair numbers in the 
wheat-corn sequence but in yery small numbers in all of the others. 
Populations of canu.~, ca.li!o7'nicu8. and both species combined in the 
2-year rotations are show11 in table 4. 

'l\\lH"E 4.-Avcl'age llumbcrs 0/ Limonius 1I)irewo{'J7ls 7)er SQuaTe foot 
in plots 1wder tlw r2-year rotations, 1939-4(] 

---- -"--_._._---- ----- --~--

Rotation L. canus L. co/{- Both 
jorniclls species 

":hcnt-potnto ______________ -- --- ___ --- -1. 0 O. 8 4. 8_--I 
\\ hcnt-corn _________ -- -- __ -- ____ ---- -----1 2.1 1.5 3.6Potato-corn ___ • __________________________ 1 2. 7 .6 3.3 
Sugar beet-potato _---- -- __ -. ______ - ______I 2.9 .2 3. 1Sugar beet-corn __________________________ I 1.6 .5 2. 1 

L8D-5% \('\'('L. _____ ----- ____________1 1.3 .4 1.21% \c\·eL ______________________ _ 1.7 .5 1.6 

------~------~------~-------

Because of the dominance of ('anus in the entire series, the total 
wireworm population was largest in the ,,,heat-potato rotation, small
est bl the. sug:U" beet-corn rotation, and intermediate in the others_ 

Each 2-year crop sequence was grown both ,yith and without manur
ing, and the difl'erences nre shown in table 5. 

The green manure used in the ,,-heat-potato and the chopped. alfalflL 
hay in the potato-corn rotations had about the same effect on the wire
'YOI'm populations as the barnyard manure. Therefore, the datlL for 
the two types of treatment were averaged in this table. 

• 
In general, the use of manure increased the number of wireworms. 

This ,,-as most outstanding in the potato-corn and ,,-heat-potato plots. 
In the sugar beet-potato plots, however, there was an increase in 
canus but a decrease i~- calif01'1Licus, whereas in the wheat-corn plots 
the reyerse ,,-as true. 

. 420522-57--2 
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TABLE 5.-Ewoess 01' defioienoy in nwmoer of Limonius wireworms per 
square foot in .manured as oompared with unmanured plots in ~-yea'r 
1'otations, 1939cc46 1 

• 

Rotation L. canus L. cali Both 
fornicus species 

Potato-corn ____________________________ _ *+1. 8 *+1.1 **+2.9
Wheat-potato_________________ ._____ • ___ _ *+2.2 +.3 **+2.5
Sugar beet-corn________________________ _ +.6 *+.8 +1.4
Sugar beet-potato ______ . ____________ •___ _ **+2.7 **-1. 8 +.9\Vheat-corn______________________________ -1.2 **+1.2 oAverage____________________________ _ **+1. 2 **+.3 **+1. 5 

1 Departures marked with a single asterisk (*) are significant at the 5-percent 
level and those marked with a double asterisk (**) at the I-percent level. 

Wireworm Populations in the 4-Year Rotations 

The 4-year rotations contained the following row-crop sequence~. 
Potato-sugar beet, potato-corn, sugar beet-potato, and corn-potato, 
each following 2 years of sweetclover which was planted in wheat 
(table 6). These row-crop sequences made little difference in the pop
ulation of oanus, and only the sugar beet-potato sequence reduced 
the population of oalijo1'ni01.ts. This rotation contained the smallest 
number of that species. The largest total number of wireworms was 
found in the corn-potato plots. 

TABLE 6.-A'Verage numbers of Limonius 'I.0i'l·eW01'11l..'1 per square foot in 
plots under 4- and 5-year rotations, 1939-46 

Truck crop sequence L. canus L. cali- Both 
fornicus species 

Following 2 years of sweetclover: Corn-potato __________________________ _ 2.6 1.5 4.1Potato-corn __________________________ _ 2.2 1.1 3.3
Potato-sugar beeL ____________________ _ 1.7 1.4 3.1
Sugar beet-potato _____________________ _ 2.3 .7 3. 0 

LSD-5% leveL ___________________ _ .6 .5 .61 % leveL ____________________ _ .8 .7 .8 

Following 3 years of alfalfa: 
Potato-~orn .8 1.7 2.5Corn-potato __________________________ _ 2.5 1.3 3. 8 

LSD-5% leveL ___________________ _ .9 1.01 % leveL ____________________ _ l.4 1.4 

Wireworm Populations in the 5-Year Rotations 

In the two 5-year rotations, 3 years of alfalfa were followed by 
potato-corn or corn-potato. Since the legume history was the same • 
In both rotations, any difference in wireworm populations must be . 
correlated with the sequence of the truck crops. The largest total 

http:oalijo1'ni01.ts


EFFECT OF CROP ROTATION ON WIREWORM POPULATIONS 9 

population was found in the rotation with the corn-potato sequence 

• 
(table 6). Since the numbers of ccilifornicU8 were nearly the same in 
the two rotations, the larger total population in corn-potato was caused 
by a much larger one of canU8. . 

The difference in the average populations of Camt8 in the two rota
tions is quite striking. In order to examine this further, a new set of 
averages was made from the figures for each crop for the 8-year 
period. As shown in figure 3, the bar diagrams represent the average 

~r-------------------------------------------~ 
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FIGURE 3.-Axerage spring populations of Li·monill8 cam/8 in soil in two 5-year 
rotations, 1939-46. The bar shows the canU8 population following the crop 
indicated. 

• 
canus populations in these crol)S in the order in which they occur in the 
two rotations. Only adults and larvae were present at the time of 
sampling in the spring. The crop named below each bar is that of 
the preceding year. For example, the bar labeled "potato" shows the 
canus population following that crop. 
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PopUlations of canus in the two rotations were about the same dur
ing the last 2 years of alfalfa, and ,vhen the alfalfa was plowed, the 
proportions of adults to larvae were about equal. 'When the first • 
truck crop was potato, about half the larvae present transformed to 
adults j and from the eggs they laid, a slightly larger brood of larvae 
was produced in the following corn crop. The top section of figure 3 
shows that for the entire rotation wireworms were most numerous 
the second year in alfalfa. This high popUlation level apparently 
followed a rather heavy oviposition and good survival in the wheat
alfalfa. When corn was the first truck crop, the picture was quite 
different. All the larvae present transformed to adults the next fall, 
and a heavy new brood was produced in the following crop of potato. 
This stimulus to increase cn.rried over into the wheat-alfalfa year, 
when popUlation levels were about as high as in the yen.r following 
potato. 

This situation would indicate that the order in which truck crops are 
planted might be of considerable importance. In this particular case, 
population levels of wireworms were much lower in the sequence of 
alfalfa-potato-corn than in that of alfalfa-corn-potato. 

Wireworm PopL!lations in the 7-Year Rotations 

The six 7-year rotations all started with wheat, in which alfalfa 
was seeded either in the stubble during August (1938-42) or in the 
young wheat in May (1943-45). The alfalfa was maintained for the 
next 3 years, then plowed and followed by 3 years of truck crops. The 
six rotations were the six different possible truck-crop sequences 
containing corn, potato, and sugar beet. The differences in total 
wireworm populations among the six rotations were relatively slight, 
varying from 1.9 to 2.9 per square foot, as shown in table 7. 

TAm,E 7.-Average n'wnbe1'S of Limonius 'I.0irm.D01'm8 per 8qUa1'e foot in 
plots under 7-yea1' rotations, 1939-4-6 

Truck-crop sequence (following 4 years of L. canus L. cCflifor- Both 

alfalfa) ntcus spedes 


Corn-potato-sugar beet ___________________ 2.0 O. 9 2. 9
Sugar beet-corn-potato____________________ 1.3 1.0 2.3
Sugar beet-potato-corn____________________ 1.5 .8 2. 3
Corn-sugar beet-potato ___________________ 1.3 .7 2. 0
Potato-sugar beet-eorn____________________ .8 1.2 2. 0
Potato-corn-sugar beet ____________________ 1.0 .9 1.9 


LSD-5% leveL _______________________ 
 .5 .4 .7
1 % leveL _______________________ .7 .5 .9 

The dift'erellces in populations of cali/omicu8 "'ere also slight, the 
only significant one beiuO" that the population in the corn-sugar beet
potato sequence was smaTler thn.n that hl potato-sugar beet-corn (4th 
and 5th sequence in table 7) . Populations of canU8 were very similar 
in four of the rotations. However, in the remaining two (corn-potato- • 
sugar beet and potato-sugar beet-corn) the same tendency was noted 
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as in the 5-year rotations. The largest populations followed corn and 

• 
the smallest followed potato as the first truck crops after alfalfa, as 
shown below: 

L. ca-n:Us per 
First truck crop square foot, 

after aZfalfa: numberCorn ____________________________________________________________ 1.65 

LSD-5% leveL________________________________________________ .35~~f:{o~~~~======================================================= 1::& 
1~ level_________________________________________________ .46 

Wireworm Populations Following Various Sequences 

In discussing the wireworm populations of the various rotations, 
it has been evident that the sequence of crops was of great importance. 
For example, in the 4-, 5-, and 'I-year rotations, populations were 
larger where potato followed corn than 'where corn followed potato. 
In making it further analysis, crop sequences were obtained from the 
various rotations and the crop populations averaged. For example, 
the 2-year corn-potato rotation furnished two sequences-corn-potato 
and potato-corn. The other 2-year rotations each furnished two 
sequences. The corn-potato sequence occurred twice in the 'I-year rota
tions, once in the 5-year, once in the 4-year, and three times in the 
2-year series, making a total of 'I annual replications or 56 for the 
period 1939-46. In the same manner, replication was obtained for 
other crop sequences and the wireworm populations were averaged. 

To determine the effect of any crop on the wireworms, it was neces
sary to subtract the population preceding that crop from the popu
lation following it. The signi.ficance of these differences was deter
mined from all the replications obtailULble. These population changes 
and the results of crop sequences are indicated in table 8. 

In most cases two crop sequences could be found for each pair of 
crops, but this was not true of wheat-alfalfa where the alfalfa was 
planted in the wheat. This crop, in which the wheat probably fur
nished most of the wireworm food, differed in its reactions. If alfalfa 
had been planted alone, probably the results would have been quite 
different. 

As with the continuous crops, potato was outstanding as a host crop 
for canus. In every case the population of this species was increased 
in crops following potato, irrespective of the crop which preceded 
potato. Furthermore, populations of camts decrease in any succeeding 
crop. 

Any row crop immediately succeeding alfalfa was followed by 
increased wireworm populations of both species. Plots of corn and 
sugar beet appeared to maintain from small to moderate populations 
of canus. When these crops immediately followed alfalfa, the popu
lation increased; and when they followed potato, it decreased. 'When 
sugar beet followed corn 1')1' potato, populations of oalif01'nious were 
reduced. Because of the preponderance of oamts in these plots, the 

• 
total population of both species followed the trends shown for canus 
rather closely . 
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TABLE 8.-0hanges in Limonius wireworm populations following 
various crops in sequences, 1939-l;.6 1 

Sequence of crops Replicates L. canU8 L. califor- Both 
nicu8 species • 

Wheat-alfalfa following: NumberCorn_______________________ 
24 0 0 0Potato _____________________ 24 0Sugar beet__________________ 16 + 0 + 

Corn following: Potato_____________________ 56 0Sugar beet__________________ 32 0 0 0\Vheat ______________________ 16 0 0 0Alfalfa _____________________ 24 + ++ ++ 
Potatoes following:Corn _______________________ 56 ++ ++Sugar beet__________________ 40 ++ 0 +Wheat______________________ 24 + 0 ++Alfalfa_____________________ 24 + ++ ++ 
Su5~~~~~~!~~~~i~g:___________ 32 0 0Potato _____________________ 40Alfalfa_____________________ 16 ++ ++ ++ 
Wheat following:Corn _______________________ 

16 0 0 0Potato _____________________ 24 0 

I Differences significant at 5-percent level are shown by + or - signs; at 1
percent level, by + + or - - signs; nonsignificant difference by o. 

Alfalfa was a special case among the crop sequences, because it 
occurred only in series of 3 or 4 years in the rotation. Consequently, 
its effects could be demonstrated only by comparing the populations 
of wireworms in successive years. Populations present in the wheat
alfalfa year of the rotation were greatly reduced the second year and 
were more slowly reduced by 2 additional years of alfalfa (table 9). 
This crop had a definitely unfavorable effect upon populations of both 
species but did not eliminate either in' 4 years. By the end of the 
fourth alfalfa year, californicus comprised half the total wireworm 
:population. This was also the case when the rotations were started 
ill 1935 (page 5). These data indicate that 3 or 4 years of alfalfa 
in a rotation reduced the total population to about one wireworm 
per square foot but would not reduce it much below that point. 
TABIJE 9.-..:4.verage numbers of Limonius wireworms per square foot 

in plots of wheat-alfalfa and sucaeeding alfalfa crops, 1939-46 

C-op r,. canU8 L. cali- Both 
forn'icu8 species 

Wheat-alfalfa____________________________ 2.1 1. 1 3.2 
Alfalfa, second year______________________ 1. 4 .6 2.0 
Alfalfa, third year_______________________._ .8 .5 1. 3 
Alfalfa, fourth year______________________ . .6 .6 1. 2 

LSD-5% leveL ______________________ _ .5 .4 .51 % leveL ______________________ _ .7 .5 .7 • 
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New Br~~d Production and Survival in Various Crops 
Since the species of wireworms involved in tIllS study have a larval 

period of 2 or more years, larvae of various ages may be in the soil 
at anyone time. Larvae hatched from eggs in a current season are 
termed "new brood" and the older larvae, "old brood." 

During the seasons of 1940 and 1941, studies were made of the pro
duction and survival of new-brood wireworms under wheat, potato, 
corn, sugar beet, and. alfalfa. Eight plots of each crop, scattered 
among the various rotations, were sampled twice each season, 
1/16-square-foot soil samples being taken each time to a depth of 1 
foot. These samples were washed through a 60-mesh screen fine 
enough to retain newly hatched wireworms. The debris retained on 
the screen was carefully exanllned and the young wireworms were 
counted. 

The first set of samples was taken late in June to determine the 
approximate number of new-brood wireworms hatched in the plots, 
while the second set was taken early in September as an indic:ttion 
of the number that survived the summer. No attempt was made to 
separate the larvae of the two species, and only the total new brood 
was considered. The results of the two seasons' work are summarized 
in table 10. 

TABLE 10.-P1'oduction and survival of new-brood wireworms per 
square foot of plot in various crops, 1940--41 

IS' .New brood in- urvlvlIlg
Crop in 

September
June September 

Number Number Percent\Vheat_________________________________ _ 2. 8 2.0 71. 4Alfalfa_________________________________ _ 3. 1 .9 29.0Potato_________________________________ _ 
9. 6 2. 7 28.1Sugar beet ___________ .. _________________ _ 5. 2 1.4 26.9Corn __________________________________ _ 
8.0 1.9 23.8 

~\verage----------------------------- 5. 7 1.8 35. 8 

In June, shortly after hatching, the larger new-brood populations 
were found in the potato and corn plots and the smaller ones in the 
wheat and alfalfa plots. In September the largest l?opulations were 
still found in the potato plots, the next smaller were m the wheat and 
corn, and the smallest populations were in the alfalfa plots. Although 
the fall populations were rather widely divergent, there was little 
difference in the percentage survival on all except wheat. Wheat had 
the lowest sprin~ populatIOn level of new brood but by far the highest 
percentage surVIval, and in the fall it ranked second only to potato in 
population. 

Initial new-brood populations in alfalfa and sugar beet were com
parable to those in wheat, but the summer mortality was much higher 
and the residual fall population smaller. 

These figures on new-brood mortality and survival help to explain 
the relatively high popUlation levels of wireworms often found in 
potato and wheat and the low levels in sugar beet and alfalfa. 
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Production of Adult Wireworms in the Various Cr~ps 

It was shown earlier in this bulletin that there were large differences • 
in the numbers of wireworms present in the yarious rotations and 
crop sequences. .A large population produced more adults than a 
small one; so in order to make valid comparisons the figures for total 
adults were treated to render them independent of the size of the total 
population. This was done by computing the ratios of the adults 
produced in one year to the larvae present in the same plot the pre
ceding year. These ratios were expressed as percentages of the larvae 
present in anyone year that transformed to adults in the following 
year. 

The number of adults taken in the samples was rather small, so that 
to form a stable flTerage it was 11ecessary to combine many samples 
for the. various crops and to compute the percentage of laryae that 
transformed for each crop and year. A total of 1,220 adults of canus 
amI 553 of cali/ornicus was taken frvm 1939 to 19iG. The nnmbers of 
calijorniC1.lS were so small in mall}' plots that no significant difl'erenccs 
could be found between crops or years. Sufficient llumbers of canus 
were present to show sign iJicant clifl'erences between crops. The per
centages of Jarvae transforming to adults under the various crops are 
shown in table 11. . 

Outstanding numbers of canus adults 'were produced in potato plots, 
while few '\,~ere produced in second- and third-year alfalfa. In fourth
year alfalfa there were indications of an increase, probably resulting 
from the maturity of a brood of wireworms in alfalfa about 4 years 
after the truck crops. 

The chta for cali/omwus are not shown but indicate that in plots 
of corn, potato, wheat-sweetcloyer, and sugar beet the percentage 
of adults was high, while in those of alfalfa and sweetcloyer it was lo\y. 
As stated earlier, the differences were not significant. 

TABLE H.-Percentage of larvae of Limonius callUS that tmnsforrnew 
to adItZts under the crop i1Ulicated, 1939-46 

Total 
Crop ndults 

fouud 

Xlll1lb~rPotnto ____________ .. __ ... ____ __ _._ __ 502 
Wheut_____________ __ __________ . ___ . _~ 157 
Corll ___ - ___ .. ___ .. _.... __ .. _ ___ _ _ _ _ .. __._ _ . _ _ 237 
Whcnt-sweetclover_______ .. ___ .. __ .. ____ .. __ . __ 51 
Sug~,,: beet_ - - - - _.. _ - - _ .. _ _ _ _______ " .... _" "__ ~ '" 125 
A~falfnJ fourth year ___ "_,,... __ . __ . ___ "" __ ' ___ ". 23 
",heai-alfalfa_______ . __ __ _ _________ ~ ______ ,,~ 53 
Sweetclover-- - - -. - _ - - - " _" ." __ . _ ___ . " _... i 22 
Alfalfu, second yeuL ______ ~.. ___ • _ .... _. 38 
Alfalfa, third yeul' ________ --- . ---- ", _ -... _ .- _ -- _ 1____12_1.____ 

LSD-5% levcL________ "- _~.=_= _____ _---. -.-::-_J-_-. ... _~1%leveL______________ . ____ .. _ ----.

http:calijorniC1.lS
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There was also some indication that certain years were more favor

• 
able for adult production than others. Such years were If)40, 1941, 
1945, and 1946. Probably the higher percentage of adults found in 
those years resulted from a brood that developed when a large number 
of eggs was laid in someone previous season. 

Wireworm Inj"-Iry to Potato Tubters 

Each year 22 of the rotation plots contained potato, and a sample 
of the tubers was examined for wireworm injury at harvesttime. 
Each year from 1939 to 1!H4, a sack of 75 to 100 pounds of potatoes 
was examined from each plot yielding that amount or more, and the 
entire crop was examined where the yield was less tlum a sack. In 
1945 two samples :yer~ taken in each plot, each sample consisting of 
all the ~ub.ers growmg III 10 feet of the center row of each plot. 'Yhere 
the YarJatIo:l between the samples from the same plot seemed excessive, 
a second pall' of lO-foot samples was tak.en. 'Vhere yields were low, 
more tub.ers ,...-ere taken along the same row until at least 10 pounds 
were antllable for each sample. 

The tubers were examined incliyic1ually :lnd clnfisified as to whether 
or not tlH'Y were injured hy wireworms. The tota'! wei/!ht and the 
percentage of tubers in r:lch class were then ohl-ained. 

The results of the H)45 sampling were analyzed sta6stically, and it 
was found that, with two samples tobllillg from 10 to 2;') pounds, 
yariations in injury of about If) p!~r('ellt were significant at the 5-per
cent lewl and of 26 percent at the I-percent leyel. In the earlier 
seasons, much larger samples were taken, and the errol' "'as probably 
considerably smaller. The tuber injury yaried gre:ltly from year to 
:year and was not entirely correlated with the wireworm populations 
present, as shown in table 12. 

'rAnGE 12.-Populatio'lls of Limonius larvae pel' square foot in 1'otation 
plots 7m:('eding 7)otato and total injurJ/ to potato t1tbe1'8, 1939-1,5 

Lnrntc in Injury to 
)"enr preccding tubrl"s by 

;,;pring weight 

Number Percent
1939 ___ _ 4. 2 515.3
HHO __ _ ·k 5 50. 1 
194L ._ :3. :{ 35. :11942 ____ _ 2. 5 :3·1. 41943 ______ _ 22.01944________ _ 41. 51945_________ _ -- L~ II8 55.1 

A verngc ___ _ ---I 2.. 66 .J!. !J(i-- -- --- ----I 
-------------------------------------~---

The first 5 years of the study fall in line fairly well, when the 
relation of wireworm injury to the wireworms present in the spring 

• 
is considered, but the last 2 are entirely out of line. This fact may 
result partially from the use of spring populations as a measure of 
the wireworms present. It is entirely possible for wireworm larvae to 
develop sufficiently from eggs laid in the spring to cause injury to 



16 TECHNICAL BULLETIN 1172, U. S. DEPT. OF AGRICULTURE 

potato in the same year, and tIlls could have happened in 1944 and 
1945. It is also possible for the weather during the summer to affect 
wireworm damage by holding the larvae in the potato hills or by • 
forcing them out and down. W'hatever the cause, 1944 and. 1945 were 
years of outstanding injury to potatoes on these plots. 

Wireworm injury varied greatly among the rotations. The average 
wireworm populations and the mjury to the potato tubers in the 
various rotations are given in table 13. 

There is no apparent relationship between wireworm popUlations 
and wireworm inJury in the individual rotations. Considering only 
the rotation averages, there were somewhat fewer wireworms in the 
longer rotations, particularly those containing alfalfa, and the injury 
was definitely less. 

TABLE 13.-Wirew07'm populations and in.1ury to potato tubers in 13£ 
1'otations containing this crop, 1939-45 

Wire
Rotation and truck-crop sequence worms Tubers in

per square jured 
foot 

7-year rotations (4 of alfalfa): 	 Number Percent
Potato-sugar beet-corn ___________________________ _ 0.9 23.6
Potato-corn-sugar beet ___________________________ _ 1.0 21. 5 
Corn-sugar beet-potato___________________________ _ 1.3 37.6
Sugar beet-corn-potato ___________________________ _ 2. 5 47.6
Corn-potato-sugar beet___________________________ _ 2. 9 43. 6 
Sugar beet-potato-corn ___________________________ _ 2.8 43.0Average ________ .. _____________________________ _ 1.9 36.2 

5-year rotations (3 of alfalfa):
Potato-corn_____ __ _ _ _____ __ ___ _ _ _ _ ____ _ _ _____ _ ___ 1. 2 29.1 

Corn-potato______________________________________ 2.3 45.7
Average_ _______ __ ___ _ ____ ____ ____ ___ ___ _ _ _ _ _ _ _ 1. 8 37.4 

1------1-----
4-year rotations (2 of sweetclover) : 

Potato-sugar beet_________________________________ l. 7 38.9 
Sugar beet-potato_________________________________ 2.0 34.2
Potato-corn_____ _ _ __ ____ _ ____ _ _____ __ ____ _ _ _ _ ___ _ 3. 7 35.0 

Corn-potato______________________________________ ~ 9 43.5


Average _________ ,_ ___ __ ____ ___ _ _ ___ ___ ___ __ __ __ 3. 1 37.9 

2-vear rotations:
'Sugar beet-potato___________ .______ _______________ 1. 0 40.9 
Corn-potato______________________________________ 1.4 41. 9 

Wheat-potato____________________________________ l. 8 52.2 

Corn-potato (manured)____________________________ 2.2 48.1 

Sugar beet-potato (manured)_______________________ 2. b 52. 7 

Corn-potato (alfalfa hay)__________________________ 2.7 49.8 

Wheat-sweetclover-potato_ _ _ ___ _ _ _ _ __ _ _ __ _ _ ____ _ _ _ 4. 0 46. 2 
Wheat-potato 	(manured)__________________________ 4.0 54. 4 


Average_______________________________________ 2.5 48. 3 

1----·1----

Unrotated potato:
Not mu.nured____________________________________ 4.6 41. 2 
l\fanured_ __ __ ____ _ _ _ __ _ ___ _ _ _ ____ ____ __ __ __ _ _ _ _ _ 6. 8 ,'52.3

Ayerage ___________ .. ___ ___ ____ _ _ ________ ____ ___ 5. 7 46. 8 
1====1==== 

LSD--5% level. ___________ - ____ .. - - - _ - --- __ - _ - .. _ - - -- _ - - - __ _ 14. 21 % leveL __________________________________________ _ 18. 8 • 
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The smallest wireworm population and by far the smallest amount 

• 
of injury to potato in the 7-year robttions occurred when this crop 
immediately followed alfalfa. 'Vhen 1 or 2 years of other truck 
crops intervened, wireworm popUlations were larger and injury to 
potato tubers was considerably more. 

A further grouping was made according to the crop planted the 
previous year, and the results are shown in table 14. Again, the wire-

TABLE 14.-Wire'wonn populations and injuT'/j to potato tubers follow
ing various C1'OpS in 1'otation series, 1936-45 

Wire
Potato following Plots worms per Tubers 

square injured 
foot 

Nmnbcr Nmnber PercentIVheat________ . ________________________ _ 2 2.9 53. 3Potato________ . ________________________ _ 
2 5. 7 46. 8Corll _________________________________ _ 
7 2.6 45.7

Swectclover. __ _ _ ___ _ _ _ _ _ _____________ . __ 3 3.1 40. 0Sugar beet _____________________________ _ 5 ],9 41. 6 Alfalfa_________________________________ _ 3 1.0 24.7 

worm popUlation was snmllest /l,nd resulting injury to the tubers was 
least when potato followed alfalfa. The most injury was found when 
potato followed wheat, whereas the largest populations of wireworms 
were in continuous potato plots. Apparently, wheat left the plots in 
a more favorable condition for egglaying adults. 

Although there does not appellr to be any consistent relation between 
wireworm popUlation and potato injury shown by these data, a group
ing of the basic data according to the magnitude of the popUlation, 
when plotted against wireworm injury on a logarithmic scale, gives a 
straight line With a rather gentle slope (fig. 4). An equation was 
fitted to these data by the use of least squllres, which indicated that a 
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FIGURE 4.-Relation of wireworm populatl.olls to potato injury. 
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pOJ>ulation ofl wireworm I?er square foot would cause about 38 percent 
Injury to potato tubers, whIle 10 worms per &quare foot woulel incr~ase 
the inj"ury to only about 50 percent. One worm to 2 square feet is • 
capable of Ctlusing about 36 percent injury, showing the potentiality 
for injury of very small wireworm popu lations. 

This information correlates well with the point brought out by 
Gibson (1), that with small populations the injury to potato tubers 
increases rapidly with reJatively sma)] increases in wireworm numbers 
and tends to level off as the population increases. 

Summary 

A study of wireworm populntions in a sedes of crop rotation plots 
was conducted at the vVllshington Irdgation Experiment Station, 
Prosser, Wash., from 1936 through 1946. 

Wireworm popu1atiol1s in the plots were estimated in March by 
sifting the soil and counting the larvae from either I-squlwe-foot 
(1936-38) or l4-square-foot samples (1939--46) taken to a depth of 
2 feet. These populations consisted almost entirely of the Pacific 
Coast wireworm (LimonitlS can~l8 Lec.) and the sugar-beet wireworm 
(L. cctZijomictf,s :Mann.) . 

Tl' 3m were six 7~year, two 5-year, four 4-year, and five 2-year rota
t!ons, as ,,~cll as five crops that "were grown continuously. These rota
tlOns conslsted of 4: years o"f alfalfa follo\Yt>c1 by row crops of corn, 
sugar beet, and potato; 3 years of alfalfa followed by corn and potato 
or potato and corn; 2 years of sweetcloyer followed by 2 years of 
row crops; 2-year rotations of wheat, c01"n, sugar beet, or potato i and 
cOlltinuous crops of alfalfa, wheat, corn, sugar beet, and potato. 

-Wireworm numbers were largest in the continuous plots of wheat 
and potato and moderate to small in the plots of corn, alfalfa, and 
sugar beet. III the 2-year rotations, popUlations were largest in the 
wheat-potato plots, smallest in the sugar beet-corn plots, ancl i.nter
mediate in all the others. In the 4-year rotations, which included 2 
years of sweetclover and 2 of truck crops, fai rJy 11 igh popUlation levels 
were maintained. The ]owestle\'els were in the 7-yeal' rotations, which 
includecl4 years of alfalfa. 

Potato apparently favored the production and sUlTival of canU8 but 
had the opposite effect on calijorniC'lts. Alfalfa tended to reduce popu
lations of both species, particularly canus, below the Jevels genera1ly 
found in truck crops. Thus, the combination of 4 years of alfalfa, 
which reduced ccmu8, and 3 years of row crops, which reduceel cali
j01'nictls, resulted in the smtdlest totnJ popula.ti.on in the entire slOries. 

Rotations containing: ~~ years of al:fnlfa, proved desirable. The most 
favorable position for potato in such a l"otll.tion W!lS immediately fol
lowing the alfalfa.. Wireworm injnry to potato tubers was greater 
when they followed other truck or row crops rather than alfalfa, even 
though populations were about equivalent. Short rotations and un
rotateel crops were undesirable, since large populn.tions usually built 
up in them resulting in heavy damage to susceptible crops. 

Adult production, particularly of canU8, was large under potato 
plantings but appeared to be suppressed by both sweetclover and 
alfalfa. Production nncl survival of new-broocllarvae seemed best in • 
plots of wheat and potato. As a result, large populations were 
generally found in these crops. 

http:popula.ti.on
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