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EFFECTS OF SOIL 	 TYPE, TEMPERATURE, AND MOISTURE ON 
PINK BOLLWORM 	 LARVAE AND PUPAE BURIED UNDER 
LABORATORY CONDITIONS 

By CLYDE A. RICHMOND 	and EDGAR W. CLARK,l Entomology Re8earch Diviaion, 
AgricuUural Research Service 

Boil moisture and burial of larvae were recognized many years ago 
as beneficial for control of the pink bollworm (Pectin()']Jhora gossypieUa 
(Saunders)). Willcocks (16) 2 and Williams (17) in Egypt found that 
diapause larvae in bolls buried 20 to 30 cm. seldom survived after 
April of the following year, even under dry conditions. 

Soil moisture detrimental to larval survival has been noted by 
many authors. Loftin at a1. (9) in Mexico observed that mortality 
was greater when larvae were buried in irrigated than in dry soil. 
Williams and Bishara (18) in Egypt found that the mortality rate 
increased with increased soil moisture and no moths emerged to 
infest the following year's crop in excessively irrigated fields. Ohlen­
dorf (11) in Mexico observed that pink bollworm mortality in soil 
increased as the moisture increased. ChBpman and Cavitt (3) in 
Texas found that soil moisture above 16 percent resulted in mortality 
of diapause larvae and that survival was greater in sandy than in 
adobe soil. Squire (13) stated that in the West Indies postharvest 
crop residues subjected to about a 9-inch rainfall per month decom­
posed in 1 month and larvae disappeared in a shorter period. In 
India, N angpal (10) observed that larvae in buried infested bolls 
disappeared at the brea.k of the monsoon season about mid-October, 
and low survival was probably due to excessive moisture. Recently 
more detailed studies by Ohapman et al. (..0 and Richmond and 
Clark (12) demonstrated that soil type, soil moisture, and depth of 
burial affect the activities and survival of both nondiapause and 
diapause larvae, pupae, and adults. 

Moisture and depth of burial have been widely used for the cultural 
~ontrol of overwintering pink bollworm populations. At present the 
major fail and winter cultural practices in the United St'1tes consist of 
shredding cotton stalks after harvest, burying or plowing under debris, 
.and, in arid regions, increasing soil moisture by fall and winter irriga­
tion. These practices are carried out so as to take advantage of 
weather condItions adverse to the insects (Fenton and Owen 8, 
Adkisson et al. 1, Chapman et al. 4). Mortality of the pink bollworm 
caused by impact with stalk shredders is fairly well understood. 

1 Now with Southeastern Forest Experiment Station, Forest Service, U.S. 
Department of Agriculture. 

3 Italic numbers in parentheses refer to Literature Cited, p. 29. 
1 
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Larval mortality resultin~ from burial and subsequent processes. is not 
well understood nor has It been intensively studied. Present knowl­
edge is based primarily on field observations. 

Insofar as could be determined, few field or labonl,tory studies have 
been made of mortality of nondiapause larvae (Richmond and Clark 
12). 'Pherefore, laboratory studies were conducted at Brownsville, 
Tex., to determine the effects of soil type, soil temperature, and soil 
moistw'e on diapause and nondiapause larvae bW'ied in the soil. An 
additional purpose was to determine the possible deleterious effect of 
culturaIpmctices now used during the growing season on nondi;:.pause 
pink boll worm larvae that lea \Te cotton blooms or bolls to pupate in 
the soil. 

PROCEDURE 
N ondin,pause fourth-instar larvae were obtained from firm, green 

cotton bolls by collecting only those larvae that voluntarily emerged 
from bolls. Diapause fourth-instal' hU'vae were obtained by means of 
It Berlese funnel technique (Clark el al. 7) or by removal by hand from 
infested seed cotton or dried okra seed pods that had been stored at 
approximately 15° C. The collected larvae were stored at 15° for 
pel'iods up to 1 week in petri dishes fiUed with tissue paper. Pupae 
were obtained from nondiapause larvae held at 29° WIder moist 
conditions. 

Ten larvae were bw·ied 1 to 2}f inches deep in Gach 8-dr. screwcap 
vial. Care was taken to separate them with soil to avoid injury. 
Ventilation was provided by drilling a H-inch hole in the eap and 
inserting a wire-gage disk. All glassware was sterilized before use. 

Larvae were subjected to combinations of th1'l3e soil types, three soil 
temperatures, and three soil-moisture levels for periods ranging from 
0.42 to 36 days. :Four replicates, or vials, were used lor each soil type, 
temperature, moisture, ttnd period of time. Previous work (Rich­
mond and Clark 12) prompted the IJse of Nueces fine sand (pH 6.1), 
Amarillo fine sandy loam (pH 7.4), and Cameron heavy clay (pH 7.6), 
which represented the three classes of general surface soil texture. 
The temperatures employed were 8.5°, 29°, and 38° C. The soil­
moi<>ture levels adopted were dry (dried at room temperature with a 
reiative humidity of 60 percent), one-half field capacity, and field 
capacity. Distilled water was used to maintain these moisture 
conditions. 

The percent moisture in the selected soil types was as follows: 

Percent mOUlture content In-

Sandy Heavy 
Soil-moUlture levels Sand loam clayDry____________________________________ _ 

0.2 1.1 4.2
One-half field capacity ___________________ _ 5.0 10.0 15.0
Field capacity___________________________ _ 9.0 19.0 31. 0 

In general, the tot.al duration of each test varied according to the 
time needed to reach 100-percent mortality and was as follows: 
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Duration of test (days) 10r-

Nondiapause Diapause
Temper(l.ture (0 C.) larvae larvae8.5 __________________________________________ _ 

21 36 
2~.0__________________________________________ _ 

10 1038.0__________________________________________ _ 
7 4 

The period of time or interval at which a set of replicates was 
exam~ed -raried with the temperatme as follows: 

Temperature (0 C.) Days8.5_____________________________________________________ 6. 
29.0____________________________________________________ 1. 

as.v_____ ___ ____ ____ _____ ____________ __ ______ __ _______ __ .42 (10 hours). 

38.0____________________________________________________ 1. 

In addition to overall mortality recorded for each exposme, mortali­
ties were recorded for free la.rvae, for those in cocoons, and for three 
categories of final larval position indicating larval movement; i.e., 
above the soil, on the soil, and in the soil. The above-soil category 
consisted of larvae that crawled above the soil surface and either clung 
or attached themselves by means of a few threads or a loosely spun 
cocoon to the inner surface of the vial. Larvae in the soil were re­
moved by carefully washing the soil through a sieve. Recovered 
larvae from all three positions were placed in petri dishes containing 
pieces of paper toweling for concealment and separation. They were 
examined for mortality immediately after transference to dishes and 
again in 24 hours. Those held at 8.50 O. were also observed at 72 
hours. Since the surviving larvae appeared normal, only occasional 
samples were set aside to determine whether their more gross life 
processes hlld been affected. 

Median lethal times (LT-50) and b values (slope) weI'", obtained 
from time-mortality data using regression techniques. Percent mor­
tality was transformed to an angle (arc sine ""percentage). To obtain 
the large number of diapause larvae required for this st.udy, collections 
were made and each group of experiments was conducted over a period 
of 4 months. Thus a larval age factor was introduced, which was 
minimized by taking each of the four replicates from a different age 
group within the 4-month period. Oertain tests in the 29 0 O. series 
were repeated 1 year later fo . confirmation of results. 

Attempts were made to correlate these factors with certain characters 
within the population such as size and sex, and to determine whether 
mortality was affected by certain other factors such as micro-organisms. 
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RESULTS 

EFfects of Soil 'fype, Temperature, and Moisture 


The combined mortality (LT-50) of larvae above, on, and in the 
soil and the mortality of the larvae in the soil alone are given in figure 1 
and table 1. Typical results are illustrated in figures 2-4. 
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rLethal time and slope of line for nondiapause ILethal time and siope of 'ine for diapause t"l
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Soil moisture and soil 
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bLT-501 ILT-SO I b LT-50 I b LT-50 t b LT-50 I b LT-SO! b d 
fn 

COMBINED AIOR"/'ALITY J 
I:' 
t"l 

Dry: Days Days8.5_______________________ Days Days Days Days Days Days Derys Days Days DaYB ~ 29.0______________________ 16.13 3.11 16.87 2.49 23.47 0.65 29.04 1.47 22.70 1. 84 23.40 1. 60 
38.0______________________ 18.60 1.62 25.24 1.11 95.85 .32 14.80 1. 79 11.21 2.44 It. 81 3.05 o 

3.92 11. 69 2.20 12.74 4.1S 12.12 8.64 4.48 7.83 5.65 7.08 7.-!l "9 
One-half ~!1 capacity:8.S_______________________ >
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8.5_______________________ 
29.0______________________ 10.65 4.48 18.84 .58 7. 76 4. 13 14.14 2.C6 20.::1 2.37 10.65 3.86 ~ 
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_______________________ 

MORTALITY IN SOIL 

I
Dry:8.5 15.61 2.85 15.26 2.27 22.30 0.64 28.81 1.46 22.5529.0______________________ 
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29.0______________________ 2.11 11. 40 5.24 4.31 1. 82 6.28 1. 49 9.00 4.79
38.0______________________ -.01 24.43 1. 07 .44 27.48 .74 42.08 1. 9138.52 I 

-

I Above, on, llnd in soil. 
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FIGURE 4.-Typical lethal effect of decreasing sand content in soils in which dia­
pause larvae were buried a.od subjected to 29" C. and three Boil moistures (moist 
and wet refer to one-half field capacity and field capacity, respectively). 

Usually any differences in comparative LT-50 values were due to 
t.he greater survival or the larvae on the surface. Figures 5 llnd 6 and 
table 2 show the mean percent movement of the buried larvae, as in­
dicated by their location at the end of the experimental period, and 
their subsequent mortality. Mean percentages for the entire experi­
mental period are presented, because only the larvae in the soil had 
an increased mortality with time. Movement to and above the sur­
face and subsequent mortality in these locations were at random and 
did not correlate with time. The effects of these terrestrial conditions 
on the spinning of cocoons and subsequent mortality of larvae with 
and without cocoons are given in figure 7 and tables 3 and 4. 
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TABLE 2.-Nondiapause and diapause larvaeJound in 3 locations and resulting larval mortality under various conditions tx:I 

after burial in soil I:" 
o 

~ 
N ondiapause larvae and mortality when buried in- Diapause larvae and mortality when buried in- o 

~ 
Soil moisture and soil Sand Sandy loam Clay Sand Sandy loam Clay tx:I 

temperature (" C.) o 
ll:l 

Larvae Mor- Larvae Mor- Larvae Mor- Larvae Mor- Larvae Mor- Larvae Mor­ ~ 
tality tality tality tality tality tality 

-- ---- - -- --- -- .._-- -----------------------------_..­ ~ 
t::lABOVE BOIL 

~ 
Dry: Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent8.5_______________________ 

1.1 0 4.4 0 0 0.4 0 0.4 0 0.8 0 E29.0______________________ 3.2 23. 1 5.2 4.8 1.2 0 8.3 35.0 9.2 36.4 1.7 0 o38.0______________________ ~1.9 0 5.0 25.0 .6 0 1.0 0 5.3 0 .5 0 
One-half field capacity: 8.5_______________________ 

0 0 0 !\ 0 0 ~ 29.0______________________ 
0 0 0 3.3 87.5 1.7 0 038.0______________________ .4\ ~ 
0 5.0 100 0 0 0 1.5 0 

Field capBcity: g8.5_______________________ 
0 0 0 0 0 029.0______________________ 
1.8 0 8 21. 8 2.2 0 0 2.5 0 0 ~ 38.0______________________ .5 \
.5 0 1.5 0 0 .4 0 1.0 25.0 2.5 0 ~ o 
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TABLE 2.-Nondiapause and diapause larvaejound in Slocations and resulting laroal mortality under varwus conditions ~ 

ajter burial in soil-Continued 
t:d 

-<.'_fi 

N ondiapause iarvae Ilnd mortality when buried in- Diapause larvae and mortality when buried in- ~ 
Soil moisture ~nd soil Sand Sandy loam Clay ~ 

temperature (0 C.) Sand Sandy loam Clay .... 
Col 

Larvae Mor- Larvae Mor- Larvae 01>
Mor- Larvae Mor- Larvae Mor- Larvae Mor- ~ 

tality tality tality tality tality tnlity q 
fJJON SOIL 

I 
t::l 

Dry: tr.l
8.5_______________________ 
29.0______________________ 11. 1 0 15.6 7.2 2.2 ~ 0 5.0 0 1.2 33.3 0.8 50.018.0______________________ 58.7 11. 9 72.0 11. 1 62.0 8.1 55.0 9. 1 48.4 25.850.6 23.4 40.0 38.8 30. 1 ~23.4 30.0 18.7 19.0One-half field capacity: 31. 6 22.5 38.9 13.8 48. 18.5_______________________ ;.
29.0______________________ 0 1.1 0 0 Q0 0 038.0______________________ .8 100 1.0 U .5 IX!0 9.2 27.2 2.1 20.0 8.8 01.5 66.6 2.5Field capacity: 0 .5 0 .5 0 .5 0 3.5 42.88.5_______________________ ~ 29.0______________________ 0 0 0 038.0______________________ 4.0 43.7 22.5 18.9 

0 
5.8 26. 1 

0 
.5 0 9.0 0 2.0 25.0 ~ .5 100 2.0 75.0 .5 0 .4 0 2.0 0 0 l"'.I 



Dry:8.5_______________________ 
29.0______________________ 
38.0 ____________________ -_ 

One-half field capacity: 8.5_______________________
29.0 ______________________ 
38.0 ______________________ 
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IN BOIL I 
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22.7 100 
49.2 99.5 
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40.9 
19. 7 
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36.7 
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16.9 
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TABLE 3.-Total number oj nondiapause and diapause larvae and percent spinning cocoom under various conditiom ~ ....ajter burial in soil c 
E: 

Nondiapause larvae buried in- Diapause larvae buried in- b:l 
Cl 
t"" 

Sand Sandy loam t' 
Soil moisture and soil Clay Sand Sandy loam Clay t:<l 

temperature (0 C.) ~ 
Spin- Spin- SpiIl- Spin- Spin- Spin- ....Total ning Total ning Total ning c.>Total ning Total ning Total ningcocoons cocoons ""cocoons cocoons cocoons eo- "-l 

coons 
~ 
rnABOVE SOIL 

t.1 
t"l 

Dry: Number PC..rcent Number Pe.rcent Number Percent Number'lpercent Number Percent Number Percent8.5_______________________ 1 0 4 0 0 _______ I 100 1 100 2 50.0 ~ 
29.0______________________ 13 61. 5 21 76.3 5 80.0 20 55.0 22 54.6 4 50.0 o
38.0______________________ 3 66.6 8 37.5 1 0 2 100 17 76.5 1 100 "9

One-half field capacity: 8.5______________________ _ >
29.0 _____________________ _ o o o o oo oo :xl38.0_____________________ _ o o 8 12.5 ....4 75.0 1 100o 10 50.0 o o 3 

C
Field capacity: o o8.5______________________ _ 

29.0_____________________ _ o o o o o o
38.0_____________________ _ 7 71. 4 32 68.7 9 89.0 o 5 40.0 1 o ~ 1 o o3 o 1 100 4 25.0 I 6 t:<l 
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Dry:8.5_______________________ 
29.0_____ , ________________ 
38.0 ______________________ 

One-half field capacity:8.5_______________________ 
29.0______________________ 
38.0______________________ 

Field capacity:8.5_______________________ 
29.0______________________ 
38.0______________________ 
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81 

0 
3 
3 

0 
16 
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------­
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288 
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I 
4 
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90 
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14.3 
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0 
25.0 
0 

------­
75.6 
0 

2 
248 
48 

0 
2 
I 

0 
23 
1 

50.0 
80.3 
70.8 

------­
0 
0 

------­
30.4 
0 

12 
132 
38 

0 
22 

1 

0 
1 
1 
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Dry:8.5_______________________ 
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TABLE 4.-Mortality oj nondiapause and diapause free larvae and larvae in cocoons under various conditions after ~ 
burial in soil ' ~ 

bj
Nondiapause larvae in indicated state when Diapause lnrvne in indicated state when

buried in­ buried in- ESoil moisture and soil ~ 
temperature (0 C.) Sand Sandy loam Clay £dila I I !2Sft.n(\y IOJ.!m Clay 

.... 
c.>

Free ...Free Free In c~ FreeIIn c~ IIn c~ IIn c~ Free In c~ Free IIn co- -.JCOOIIB coo lIB coo lIB COOIIB coons coons 
~ 

ABOVE SOIL I rn 
t:I 
t>l 

Dry: Percent Percent Percent Percent Percent Percent Percent Percent8.5_______________________ 0 0 _______ _______ _______ _______ 0 Percent I Percent Percent /percent ~ 
29.0______________________ 60.0 0 20.0 0 0 0 55.6 18.2 o o 0 
38.0______________________ 0 0 40.0 0 0 _______ _______ 0 I2j

80.0 o o 0 o 
One-half field capacity: o o o 

>o8.5 __ ---- __ -- -- -- -- --- _-- ______ -- __ --- -- ---- ___1__ - - -- -1------ -1- --- -- -1--- ----1-- --~--,- -- --- -1----- --,--- ----1- ----­ ::u 
8ig:8====================== ======= ======= -ioo--- -ioo--- ======= ======= _~~~______ ~___ ---~--J--~- __ ---0--- 0Field capacity: 

~9~0== ======= ==== ==== ===== ---0- -- -- -0--- --io~0-,- -27.-3-,-- -0-- -,- --0-- -,===== ==,=== === =,---0---,- -~O---,---0---.--- --­38.0______________________ 0 ------- 0 _______ _______ _______ _______ 0 0 100 6 ~ 
l":Io 



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

ON SOIL I 

"d 

Dry;8.5 ____ • _________________ _ ~ 29.0_____________________ _ 8.3 o o o o o 33.3 50.0 
38.0_____________________ _ 28.21---9.T 35.2 3.2 14.3 6.5 23. 1 3.2 43.8 3.8 48.8 14.0 til 

44.0 14.3 54.2 5.0 57.2 2.9 42.9 17.6 59.6 o 92.3 7.1One-half lieli capacity: ~ ~9~0===: =================:1= ======1-100. --,- --0- --1- --0-- -1- --0· --,===== ==,- -12:5-,--3.i-8-I" -'.6---,--so:o-,---0 ---,-- -ii-- o
38.0______________________ 66.6 _______ 0 _______ 0 _______ 0 _______ 0 _______ 42.8 _____ _ ::0 

Field capacity: ~ 
til 
q~~0=====================:1- -4ii:2-1--33:3 -1- -31:8 -1-- 14:7-1- -37:5 -,-- -ii- --,- --0---,=====: =,- --6- --1- --0'_--'--25:0-1=== === ::038.0______________________ 100 _______ 75.0 _______ 0 _______ 0 _______ 0 0 _________ • __ _ 
t;;J 
tl 

IN SOIL c1 
~ 
tl 

Dry:8.5_______________________ ~ 53.329.0______________________ 15.8 65.4 10.0 50. 7 5.3 42.8 4.2 48.9 0 45. 1 0 
38.0 ______________________ 71. 5 11. 0 74.6 4.4 62.2 5.4 73.2 6.4 79.2 20.4 65. 7 9.262.5 35.7 72.8 24.2 55.8 26.0 26.2 11. 1 48.1 3. 1 29.0 6.3 5One-hali .field capacity;8.5 _______________________ g
29.0______________________ 62.3 20.0 48. 1 14.3 43.2 88.8 47.3 100 59.5 100 63.8 100

59.3 14.2 49.638.0______________________ 10.3 38.0 12.5 76.8 34.8 55.0 11.4 5:3.4 7.7 ~ o83.3 61. 3 64.2 44.2 80.0 44.6 65.6 30.0 52.9 25.9 40.2 52. 7Field capacity: &5 __________________ ---_ ~ 
29.0______________________ 67.5 0 46.8 38.4 76.7 ------- 67.3 100 48.8 72.5 79.6 100 o38.0______________________ 83.5 51. 7 74.5 16.7 81. 8 31. 8 91. 3 0 68.7 20.6 83.0 ------ o85.4 ... _----- 67.0 0 74.4 ----_ .... - 74.0 -----_ ... 66.8 35.7 57.3 ~ 

tl 

I These values largely calculated from small total numbers « 10) (see table 3) and must be viewed with caution. ~ 
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In general, larvae that survived after 48-hour posttreatment time 
were normal and completed their life cycles with no abnormalities. 
Surviving larvae held under moist conditions pupated sooner than 
those under dry conditions. 

The effect of soil types and soil moistures on the pupation of larvae 
held at 29° C. for 10 days is summarized in table 5. Because pupation 
showed little or no correlation with time under experimental condi­
tions, pupation is presented as the mean percentage of those larvae in 
the specific set of conditions and. of the total larvae used in the 10-day­
experiment. The latter percenta~es are ~iven because the very small 
numbers of larvae found in certam condltions could cause erroneous 
conclusions to be drawn from the former percentages (e.g., above soil 
surface), Pupation data at 8.5° af.id :\8° are not given, because pupa­
tion did not occur at 8.5° under these wnditions and no appreciable 
pupation occurred at 38° because of the short experimental period. 

Observations made dW'ing these studies with nondiapause larvae 
held at 15.6°±0.6° C. in damp tissue paper showed that they began 
pupating after 6 weeks. Pupation continued for 5 months, with 
about 70 percent ultimately pupating. Subsequently, a group of 
these pupae was divided into two parts, one part was held at 29° and 
the other at 15.60 

• At 29°, 86.5 percent of thelupae emerged as 
moths in 18 days, but at 15.6°, 50 percent emerge in 47 days. The 
remainder of the pupae, 13.5 and 50 percent, respectively, died. 

Influence of Sex or Size 

Studies were conducted to determine whether the effects of burial 
were influenced by sex or size of the larvae. The general procedure 
was the same as for previous experiments. There were 4 replicates, 
each replicate consisting of 50 larvae separated into groups of 10 
larvae per \Tial, for each sex Ilnd for each of 2 size groups (20 and 
30 mg. per larva). The lar\rae were placed in sand held at a moisture 
offield capa('ity and 29° C. for 3 days. There were no significant 
differences in the movement or mortality of males and females or 
between sizes. Webs were spun by 2 percent of the males but none 
by females. 

Effect of Physiological Activity 

Attempts were made to correlate the respiratory rate of the larvae 
as a measure of physiologicul activity and their mortality rate. The 
general procedure was the same as for previous experiments except 
that the respiration was first measured using stl1.ndard Warburg tech­
niques (Umbreit et a1. 15) at 18° C. The larvae, 3 replicates of 20 
larvae each of nondhtpause and hand- and Berlese-removed diapause 
larvae, were buried in sand held at field capacity and .29° for 3 days. 

The results are given in table 6. There were no significant differ­
ences in the respiratory rates of larvae that lived and those that died, 
between the hand- and Berlese-collected diapause larvae, or between 
the weight of dead Ilnd live larvae. There was a slight difference in 
weight between the hand-removed and Berlese funnel-collected larvae 
because of water absorption by the latter during the collection pro­
cedure. An additional experiment involving hand-removed and 



'PA.BLE 5.-Pupation and pupal mortality in cocoons oj no.ndiapalLse and diapau,se larva.e under various conditions after 
burial in .~m"l at 29° O. for 10 clays 1 'V 

~ 
Burial in indicated moil,ture of- txl 

o 
t" 

Locatio 11, pUjlation, and pupal lllortaiity 2 Sand Sandy loam Clay ~ - o 

Moist 1 I Moist IDry Moist Wet Dry Wet Dry Wet ~I I 
~ 

1 ­-.~-.~- txl 
(j

NONDIAI'AUBE LAllVAE ~ 

M 
ABOVE BOIL 

Pupation: Percent Percent Percent Percent Percent PercentIn locatioll ___ . ________________ • ________ p""" Ip,,,,,,, Ip""" 
I:=' 

53.8 () 23. 6 3:). ;j 0 40.6 60.0 0 44.5 ~ 
Of totaL __________________ • ___________ I:='1.8 o 1.0 1.8 0 3.2 .8 0 1.0In cocoons_____________________________ 

85.8 0 84.7 100 0 100 ~ o 75.0 I 100Pupal mortality :Total _________________________________ 
14.3 000 0 23. 1 0 0 0In cocoons _____________________________ 50 000 0 2:!.1 0 0 0 o 

~ 
ON SOIL ~ Pupat.ion: oIn location ____________________________ 80.1l 0 18.8 68. 1 100 61. 2 74.2 50.0 31l. 1Of total _______________________________ 47.5 0 .8 41l.0 1.0 13.8 46.0 .2 2.2 ~ In cocoon6_____________________________ 85.8 0 66.7 78.2 25.0 80.0 88.2 0 44.5 C'.l

Pupal mortality: oTotaL ________________________________ 
5.8 0 0 7.2 0 20.0 4.9 0 0

In cocoon6 _____________________________ az 
6.8 0 0 3.1 0 18.2 4.9 0 0 3 

IN BOIL 
Pupatior.: UJ 

In location________ --------- _-- -- _-- 61. 8 6.8_--I 
o z 

Of totaL ______________________________ 34.21 54.41 .51 45.1 I 65. Il 1 12.21 62.21 6.213.0 54.0 .5 10.2 65.2 8.5 22.8 61. 5In cocoon6 _____________________________ 44.3 91. 7 50.0 31. 7 89.0 94.2 80.3 94.4 80.0 to.:) 
Sill! footnotes at end of table. I-' 



'rABLE 5.-Pupatio-n and pupal mortality in cocoons oj nondiapause and diapause larvae under various conditions ajter t,::) 
t,::)

burial in soil at 29° G. jor 10 days I-Continued 

Location, pupation, and pupal mortality 2 

IN sOiL-continued 

Pupnl mortality: Total____ ________________________~----

1ncocoons _________ ___________________~ 

ABOVE SOIL 
Pupation:

In location _______________ • ____________ 
Of totaL ______________________________
In cocoons _____________________________ 

Pupal mortality:Total_________________________________ 
III 00000118_____________________________ 

ON SOIL 
PUD8.tion: - III location ________________________ ~ ___ 

Of totaL ______________________________ 
1nooooon8 _____________________________ 

Durial ill indicated moisture of-

Sand Sllndy loam 

Dry DryI Moist I Wet I Moist I Wet Dry 

NONI>IAPAUSE LAltV AE 

Percent Percent Percent Percent Percent Percent Percent 
53.8 12.0 50.0 39.0 8.8 0 14.3 
5.8 11. 1 0 2.4 8.0 0 4.4 

-- ---- ------ -_ .. ----- - ---------- -_... __ .. _------

DlAPAU8E LARVAE 

5.9 12.5 0 22.7 100 20.0 33.3 
.5 .5 0 2.5 .5 .5 .5 

100 100 G 80.0 0 100 100 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

36.2 72.2 100 32.6 100 44.5 25.6 
21. 0 6.5 .5 16.5 1.5 4.0 10.0 
90.5 92.3 0 81. 7 0 87.5 84.9 
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Pupal mortality:Total__ ______ _______________________~ ~ 9.5 38.4 0 6,1 0 0 10.0 0 0 "dIncocoons_____________________________ 9.5 29.4 0 6.1 0 0 10.0 0 0 
~ 

IN BOIL 
Pupation: o ~ 

In localion ________ ----- ---- ---- -- --- -­ 20.9 10.9 0 7,8 29.6 5.6 3.4 32.4 0 
~ Of totaL ____________ - -_ - _- -------- - --- 7.0 9.5 0 3.0 29.0 5.0 2.5 29.5 0

In cocoons _____________________________ 35.8 100 0 33.3 98.3 70.0 60.0 89.8 0 ~ 
Pupal tnortality: ~Total_________________________________ 35.8 5.3 0 0 5.2 30.0 40.0 3.4 0 ~ 

III COCOOIlS______________ ------.-- -- ---- 0 5.3 0 0 5.2 0 20.0 3.4 0 
til 
~ 
~ 

I Percentages calculated from total larvae in entire experiment 2 In location=larvae that pupated in indicated location' of ..... 
as pupation did not correlate with time. Moist=one-half field total=total larvae exposed to soil condition that pupated in ~ 
capacity; wet= ficld capacity. indicated location. 
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Berlese-collected diapause larvae, using 4 replicates of 10 larvae, each 
buried in sand at field capacity for 4 days, again showed no difference 
in mortality (85 percent). 

TABLE 6.-00mparison oj larval weight, respiratory rate, and mortality 
of nondi.apause larvae and oj diapause larvae collected by hand and 
Berlese junnel 

I Diapause larvae collected 
by-

Weight, respiration, and mor­
tality of larvae 

N ondiapause 
larvae 

Hand Berlese 
funnel 

Mean weight (mg.): ITotal _____________________ 
24.6 ±0.6 20.5 ±0.8 23.5 ±0.9Larvae dead_______________ 24.0 ± .8 19.9 ± 1. 0 22.3 ±1.2Larvae alive _______________ 25.3 ± .7 21. 3 ±1.2 25.3 ±1.1 

Mean res)iratory rate (1'1./02/ 
hr./mg. : TotaL I 

.37± .01 .22± .01 .24± .02Larvae dead _______________ .37± .02 .23± .01 .27± .02Larvae alive _______________ .37± .01 .20± .02 .20± .02 
Mortality (percent) 2 ____________ 49.4 61. 4 59. 1 

I At 18° C. 

2 In sand for 3 days at 29° C. 


Mortality From Terrestrial Micro-Organisms 

Terrestrial micro-I)rganisms were possible mortality factors. The 
general procedure was the same as for other tests. A fresh'y collected 
field sample of clay was divide:d into two parts. One part was sterilized 
by autoclaving at 15 pounds per square inch for 20 minutes and the 
other untreated. Ten larvae per vial were placed in unsterilized and 
sterilized clay and held at a soil moisture of field capacity and 29° O. 
for 3 days. Four replicates o· 100 diapause larvae were used. There 
was no significant difference in the larval mortality between unsteri ­
lized (64.8 percent) and sterilized soils (60.8 percent), in the number of 
webbed larvae, number that pupated, nor number reaching the surface. 

In other studies it was noted that a white fungus developed after 30 
to 35 days in the VillI containing diapause larvae being held in sandy 
loam or clay soils at 8.5° C. under moist conditions. Dead larvae were 
at the center of these fungal growths, which after 35 to 40 days formed 
comparatively large mycelial mats. However, these growths were 
probably saprophytic, because fungi having similar characteristics 
developed when gelatin was placed under the ~ame conditions as larvae. 

Effect of Burial on Pupae 

Ten replicates of ten pupae each from nondiapauselarvaewereburied 
in sand held at field capacIty for 4 days at 29° C. with an equal num­
ber as controls. This burial gave II. 79-percent mortality. 
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El'fect of Arizona Sandy Loam 

A related problem that arose during this research was the high, 
unaccountable reduction in pink bollworm population in the Buckeye 
area of Arizona during the winter of 1958-59. With the hypothesis 
that soil was a major factor, diapause larvae were buried in soil from 
this area. It was a gravelly sandy loam with a wide range of/article 
sizes and a field capacity of 13-percent moisture. The burie larvae 
were subj ected to soil-moisture conditions of dry, one-half field capacity, 
and field capacity at 29° O. for 2-da.y intervals up to 10 days. 

The results were similar to those obtained with sand, but the mor­
tality rate was somewhat higher, particularly at lower moisture levels. 
The LT-50's in days for overall mortality were dry 5.04, one-half 
field capacity 4.63, and field capacity -3.21. The LT-i50's for soil 
mortality at the respective moistures were4.22, 3.76, and - 3.07. This 
sniJ became extremely hard when wetted and then dried, and thus the 
larvae were virtuo,lly imprisoned at the burial site since not one reached 
the surface. This condition was much worse than a hard crust, which 
was previously found so unfavorable for survival (RichmondandOlark 
12). Only 12 percent of the total larvae spun cocoons and this inhi­
bition of spinning undoubtedly aided in causing a high mortality, as 
previous experiments established that nonwebbed larvae had a high 
death rate (a mean rate of 75 percent in this study). 

DISCUSSIO~~ 

Larval Behavior 

Active and diapause larvae had, in general, the same reactions 
except in length of reacti.on time. Diapause larvae took longer to 
reach an observable point, due probably to theirguiescent state. The 
greatest larval movement occurred in the dry soils held at 29° and 38° 
O. Both nondiapause and diapause larvae buried in wet soil at­
tempted to seek a drier and more desirable location-nondiapause 
larvae for pupation and diapause larvae for spinning cocoons. 

The percentage of the larvae reaching the surface was low in the 
soils held at field capacity; however, this was not by choice, as in the 
half-field capacity group, but probably by suppression of larval move­
ment. Suppression is logically indicated because it would not be 
normal for larvae to remain in such an environment causing high 
mortality (see figs. 6 and 7 and table 2). 

In a pre\Tious study Richmond and Clark (12), by observing larvae 
in glass-walled observation boxes, showed that larval activity was 
least and mortality greatest in soils with a high moisture content. 
Also, the observation that aqueous submersion caused general paralysis 
in larvae within a few minutes (Clark and Richmond 5) implies that 
low oxygen tensions bring about inactivity. Willcocks (16) also 
noted that high moisture affected larvae adversely, because he found 
that diapause lan'ae crawled from buried, wet bolls either to pupate 
or to seek a drier location. 

In addition to larval and pupal mortality due to high moisture, if 
development were completed in the soil, the moths could not reach the 
surface (Richmond and Olark 12). Figure 5, prepared from data on 
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larvae held at 29° C., more graphically illustrates this surfacewise 
movement in regard to the differences between dry and wet soils. In 
dry soils 50 percent of the larvae reached the surface in 3 days, whereas 
in wet soils the 50-percent level was not reached in 10 days at this 
temperature. 

Soil type and depth of burial also affected larval movement. In 
these experiments and in previous work (Richmond and Clark 12), 
it waS noted that packed or hardened soil, particularly clays, tended 
to imprison the larvae, and they consequently perished. Depth of 
burial as a deterrent to larval survival has been noted by many 
workers in the field. 

Cocoons protected the larvae, as shown in figure 7. The period of 
protection ranged from 14 days at 29° C. to 3 days at 38°. 

Favorable Conditions for Larvae 

Of all the combinations of conditions, the one most favorable for the 
larvae was 29° C. and one-half field moisture. Here, the soil was not 
a major factor. Under this set of conditions, larvae made no attempt 
to get above and little attempt to reach the soil surface. Those 
remaining in the soil totaled more than 87 percent (see table 2). In 
this connection, Barber and Dicke (2) concluded that normal soil 
moisture probably was not injurious to pupae of the corn earworm 
(Heliothis zea (Boddie» and may 1..,ave been advantageous in main­
taining water balance. 

Pupation 

The percent pupation was less for larvae remaining in the soil than 
above or on the soil surface during the observed periods. In general, 
more pupation occurred in moist soils, and there was less mortality in 
cocoon-encased pupae, indicating that cocoons gave some protection. 

Soil Moisture 

It was difficult to evaluate the effects of any single factor in this 
study as they were all interdependent. In general, high soil moisture 
caused the greatest mortality and most adverse conditions for the 
larvae (see table 2). It deterred cocoon spinning and greatly reduced 
the period of time the cocoon protected the larvae, particularly in 
conjunction with high temperature. Larval movement was greatly 
impaired as pointed out previously. Swailes (14) also found that in­
creased soil moist,ure caused an increased mortality in the buried beet 
webworm (LoxostefJ..e sticticalis (L.» and five species of i~s parasites. 

The effect of soil moisture within a soil type can be compared in 
terms of percent moisture. However, in comparing the effect between 
soil types, it is not the percent, or actual amount of, water present per 
unit of soil weight, but the retentive capacity of the soil that is cor­
related with soil forces, gravitational forces, atmospheric pressure, and 
Buch soil properties as compaction and granulation. Thus, the per­
cent water present in these three soil types at anyone of the three 
moisture levels was quite different, but the action on the larvae was 
similar within each level (see fig. 2). 
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Soil Temperature 

Consistently high temperature was detrimental, particularly above 
38° C. Temperatures of 8.5° and 38° affected the mortality ~ates 
more than 29°. Temperature and high soil moisture were interrelu.ted 
and the mortality rate increased with corresponding increases of these 
two factors (see fig. 3). 

Temperature and time were inversely interdependent; the lower the 
temperature the longer the time required to cause any adverse effect 
(see fig. 3). Thus, low temperatures could protect larvae from other 
adverse conditions if the time in which the larvae were subjected to 
these conditions was short. 

Soil Types 

Of the three soil types, sand generally caused the greatto.lt mortality, 
then clay, and finally sandy loam. The mortality in sand was to some 
extent due to integumental abrasion by the sharp particle edges 
(Clark and Richmond 6). In clay and loam, compaction, particularly 
when wet, may have contributed to the mortality rate. Swailes (14) 
also speculated that the mortality rate may increase with d.epth of 
burial because of soil compaction. Certain of the data obtained with 
sandy loam were without an apparent pattern and were therefore 
difficult to interpret. This irregularity of data was similar to that 
obtained in field hibernation experiments conducted in a sandy loam 
soil on overwintering pink bollworm larvae. 

CONCLUSION 
Results of these laboratory experiments in general agree closely with 

the results and conclusions of the extensive field experiments and ob­
servations on overwintering larvae by Chapman et aL (4). Their 
general findings were briefly as follows: Mortality was directly J?ro­
portional to the amount of irrigation or rainfall, length of burial penod, 
and depth of burial; mortality was greatest in the soil; and sandy soil 
was least favorable for survivaL Also, mortality was greatest among 
buried larvae in simulated climates studied in bioclimatic cabinets. 
They concluded that mortality from present cultural practices was due 
largely to climatic conditions, and carryover of pORulations in cocoons 
would appear to be of little economic importance ill areas with heavy 
rainfall. 

From a practical standpoint, the research on nondiapause larvae 
indicated that field studies should be done in the cotton-growing 
season to determine whether there is significant mortality in the 
nondiapause larvae that drop to the soil surface and whether any 
cultural control could be developed. Wet, cultivated soil in hot 
weather could eliminate an appreciable number of larvae. Such a 
condition was examined for 1 week using soil thermographs. The 
soil surface temperature was found to vary from 23.3° C. at night to 
37.8° in the day, and there were 7- to 9-hour periods in which the 
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temperature stayed a.bove 32.2°. Although no extensive tests were 
conducted to determine the effect of diurnal fluctuations of the soil 
temperature, it is reasonable to assume that these repeated conditions 
will have a detrimental effect on the larvae or pupae. In a single 
experiment carried out for a 5-day period in an outdoor insectary in 
which the temperature varied from 13° to 31°, the mortality was 10 
percent in dry sand and 97.5 percent in sand at field capacity. 

This .extensive investigation demonstrated the complexity and inter­
relationship of soil factors and how much they affect the behavior 
and survival of pink bollworm larvae. Undoubtedly, the results of 
this study could be applied in a general way to many msects subjected 
to such s'lbterranean conditions. The physiological causes of mor­
tality due to burial were not determined. These specific causes 
probably were a combination of such adversities as exhaustion, water 
lIDbalance, and asphyxiation. 

SUMMARY 
.Among the factors long recognized as detrimental to overwintering 

populations of the pink bollworm (Pectinophora gossypiella (Saunders)) 
IS burial of larvae in soil with excessive moisture: However, these 
adverse effects on the larvae have never been well understood and 
this study was conducted to gain a better knowledge of them. Non­
diapause and diapause larvae and pupae were subjected to burial 
under various conditions in the laboratory. The major conditions 
studied were all combinations of three soil types, three temperatures, 
and three moisture levels for discrete periods of time until100-percent 
mortality. was approached. Data presented include the effects of 
these soil conditIOns on mortality rate (median lethal time, LT-50), 
pupation ra,te, larval movement and final location, and cocoon 
spinning and subsequent protection. 

Three soil factors examined were all interrelated. However, high 
soil moisture had the most adverse effects and in conjunction with 
high temperature became very detrimental to the larvae and pupae. 
Larval activity was least and mortality ~eatest in high moisture. 
Mortality and nonlethal adverse effects vaned directly with increasing 
temperature. Of the three soil types, sand was the most detrimental. 
Soil compaction was very detrimental, particularly in clay types. 

Size, sex, respiratory rate of the larvae, and terrestrial micro­
organisms could not be correlated with the mortality rate. 

Of the conditions tested, the most favorable combination for larval 
survival was a sandy loam soil at 29° C. and one-h~ field-capacity 
moisture. Cocoons protected larvae. 

Studies on the effects of gravelly sandy loam on diapause larvae 
from Buckeye, Ariz., an area with an unaccountable reduction in pink 
bollworm population, gave results similar to those obtained with sand. 
This soil became extremely hard when wetted and then dried, im­
prisoning the larvae at the burial site. 

Generally, the results of these laboratory studies agree closely with 
the results of extensive field experiments and observations previously 
made. In addition, the data help explain the results of these field 
studies. 
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