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ABSTRACT

Soil sampling for micro- and macroarthropods in chlordane-treated
and untreated check plots was done periodically during 1961 and 1962
in 6 sugarcahe fields in Iberville Parish, Louisiana. Stand cﬁunts,
crop yields and some data on root damage were obtained from all field
plots. Soil fauna were identified and counted to estimate the abundance
of populations, particularly of Collembola and some other groups known
or suspected to be phytophagous. Greenhouse experimentsvwith sugarcane
growing in cans of soil were conducted to measure the effects of soil
microarthropod populations on plant growth.

Acarina, represented by 14 families and Collembola, represented by
16 genera were the most abundant groups of arthropods encountered.

Most Collembola occurred in greatest numbers during the spring, declined
" in summer and fall, and increased again in winter. A key was made for
separating the genera of Collembola found.

Collembola and Acarina were more abundant in clayey than in loamy
soils, while'the distribution of Symphyla did not appear to Be correlated
with type of soil. Symphyla and Pauropoda were relatively scarce in the
spring, but populations increased gradually to a peak in late summer and
fall. Symphylelila sp., the most common species of Symphyla encountered,
probably has 1 generation per year which begins in the spring and reaches

the adult stage in winter.



Evidence of vértical migration of microarthropods in the soil ‘was
- found, and different genera of Collembola showed pteference; for
different soil depths.

Colleﬁbola and possibly Pauropoda were mainly responsible for
reductions in weights of sugarcane plants ranging from 217 to 30% 11
weeks after planting in cans of scil in the greenhouse. Species of
Onychjurus and Pseudosinella may be potentially more destructive than
other Collembola or Pauropoda. Symphyla and Diplura probably have
little or no effect on the growth of sugarcane. o

Feeding of Collembola on sugarcane roots was characterized by root
pitting and by pruning of fine root hairs. 'Pittiﬁg was more abundant
in soils low in organic matter content than in-éoils coﬁtaining-greater
_aﬁbunts of organic matter.

The application of 2 pounds of chlordane per acre at planting had

no significant effect on populations of Acarina, Collembola and Symphyla

in the soil. However, populations of Collembola in the genus Pssudoginella '

appeared to be consistently reduced in the treated plots, although this
reduction was not’statistically significant. Low'populations.of
-phytophagous scarabaeid larvae also were reduced in the first year fol-
lowing chlofdane application.

| Chlordane application resulted in more sugarcane stalks per -acre
and in significant increases of 2 tomns of éane and from 329 to 358 pounds.
of sugar per acre in field experiments. However, thgse-eould not ‘de-
finitely be-attributed to control of Collembola or any of the other soil

fauna by chlordane. It is possible that effective control of Pauropoda

x1i



‘and elaterid larvae may have been responsible for a significant yield
increase in 1 field experiment. Some other factors may also have been

involved.
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"INTRODUCTION

Soil application of chlordane at time of planting has been officially
recommended to sugarcane growers in Louisiana sincé 1954 to control wire-
worms in sandy soils and "microarthropods" in '"heavy soils'.

The recommendation for use of chlordane ihheavy soils appears to
have been based primarily upon field experimenté which generally demonstrated
emall yield increases associated with soil insecticide use. However, no
satisfactory attempt has been made in Louisiana to correlate these»yiéld
increases with populations of soll fauna. The only other studies pertinent
to this problem that have been conducted in Louisiana were done over 30
years ago, and included field surveys and limited tests in laboratory jars,
greenhouse pots and outdoor cylihders which indicated that some Collembola
do feed on roots and may prevent normal growth of sugarcane plants.

The studiés reported in this dissertation were undertaken becau&e.of‘
the belief that insecticides, as far as possible, should be used only
where and when they can be expected to effectively control existent
populations of known pest species, and beéause it appeared that the use
of chlordane in heavy soils to control microarthropods in Louisiana sugar-
cane fields may not be justified in the light of this belief.

The objectives of this investigation were: (1) To survey the soil
fauna in sugarcane fields with particular reference to dollembol#.aﬁd other
" microarthropods. (2).To_determ1ne the seasonal abundance and distribution

©

of some of the fauna encountered most commonly during these studies. (3) To .



determine which of these animals might be most injurious to sugarcane.
(4) To determine the effects of soil application of chlordane on the soil

fauna.

In these studies most attention was given to arthropods known or

suspected to be phytophagous.



REVIEW GF LITERATURE

A number of efforts have beeﬁ made to define and classify soil
organisms, (Fenton, 1947; Murphy, 1953; and Kuhnelt, 1955). Fenton (194%)'
defined soil animals as those which, during the course of their -develop-
ment or as adults, live within or beneath the soil surface. He grouped
soil fauna into microfauna, mesofauna, and macrofauna, according to 'their‘;

small, intermediate or large size, respectively.
Soil Sampling and Extraction of Fauna

The technical difficulties encountered in adequately sampling
populations of soil animals have imposed severe handicaps upon workers
who have attempted studies in this field. As Fenton (1947) has pointed
out, different animals require different specialized sampling techniques.
Murphy (1955a) proved experimentally that many soil organisms are
not distributed at random, but show an aggregated pattern of distribution.
This fact led to the commonly accepted rule that a large number .of small
samples are more efficient than a smaller number of large samples
(Glasgow, 1939; Macfadyen, 1953; Burrage and Gyrisco, 1954; and Strickland,
1961). Probably more work hasrbeen done attempting to develop satisfactory
sampling methods than on any other aspect of the soil insect problem.
Methods used for separating animals from the soil have been reviewed
by Targardh (1933), Ladell (1936), Fenton (1947), Macfadyen (1953), Lange

t al. (1954), and Newell (1955).




According to Fenton (1947), the methods coﬁmonly used in separating
animals from the soil include hand sorting, sieving, flotation, and
automatic or funnel methods. The hand sortiﬁg method is the simplest,

But most laborious, and is practical only for separating the larger animals.
According to Ladell (1936) it is impossible to crumble by hand a clay soil
without loosing some of the smaller insects. Miles (1945) reported that
wireworms below 5 mm in length were seldom found by hand sorting, while
Salt and Hollick (1944) found that the number of wireworms obtained by

this method was only 38% of the number extracted by a sieving apparatus
they developed.

Automatic or funnel methods are based on the voluntary movement of
fauna from the soil because of a negative response to heat (Berlese, 1905),
or to heat and light (Tullgren, 1917). Eggs; pupae, and relatively weak,
inactiie or dead animals are not collected by this method. However, in a
comparative study Macfayden (1955) showed that the funnel method was more
efficient for extracting mites and Collembola from soil samples than a
flotation method which he used. Modifications of Tullgren funnels have

’been made by Jacot (1932), Tragardh (1933), Salmon (1946), Post (1947),

Haarlov (1947), Macfadyen (1953), Newell (1955) and Murphy (1955b).
Economic Importance of Some Soil Arthropods

The role of Collembola in economic entomology has received relatively
little attention, probably because of their small size and inconspicuous
retiring habits. However, their small size is offset by their immense

numbers under conditions favorable to them.



The economic importance of Collembola was reviewed by Theobold
(19105. Twenty-three species and their host plants are listed in this
review as harmful to plant life. The nature of damage in each case is
described. Mills (1930) listed 27 species of Collembola known to be .of
economic importance. One of them, the garden springtail, Bourletiella
hortengis Fitch, was reported to attack 27 crops.

Folsom (1933) listed all of the gpgcies of Collembola then known
to be injurious. His list includes 43 species, He stated that their |
greafest damage is done to young, tender plants, especially to seedlings,
by eating irregular holes in leaves. He also found that they feed on tissue-
damaged by other insects, and that some species injure the stem just below :
the soil surface, while others injure roots by gnawing pits in them and
also by destroying root hairg. He stated that they may completely destroy
the interior of some bulbs.

Poole (1959) examined the gut contents of Collembola. He found that
the larger spgcies feed mainly on soil fungi, while the smaller forms
appear to feed on humus. His work also showed no consistent difference
betwéen the feeding habits of species of similar size.

The most thoroughly studied symphylid is the garden centipede,
Scutigerella ;gggculata Newport. Its importance as a pest of field, truck,
and floricultural crops over wide areas of the United States has been
thoroughly documented by Herrick (1927), Filinger (1928), Riley (1929),
Miles and Cohen (1938), Thomas (1949), Michelbacher et al. (1957), and
Howitt et al. (1959).

Although several species of Diplopoda have been reported in the

literature to be pests of various crops, it appears that damage caused by



these animals is limited to soft fruits, seedlings, roots; bulbs, corms,
and fruits that touch the ground (Orchard, 1936; Rolfe, 1937; Anonymous,
1943; Cloudsley-Thompson, 1950; and Landis and Getzendaner, 1959).

Sheals (1956) found a significant increase in numbers of Collembola
and significant decrease in numbers of mesostigmatic mites in soils
treated with DDT. He concluded that the mesostigmatic mites exert a
predatory pressure on Collembola. .Apparently most soil inhabiting mités
are predaceous or saprophytic. However, Daniels and Englemann (1961)
isolated 3 species of soil mites to which they fed several different soil
fungi. Their observations revealed that mites accepted as food some
fungi, but rejected others. They concluded that soil fungi provide an
important food source for many soil arthropods, and that these food
relationships undoubtedly affect the distribution of both fungi and
arthropods in the soil.

Womersley (1939) stated that the Diplura and Protura are of no
economic importance in southern Australia, It seems, however, that little
has been written about the feeding habits of these insects.

Earthworms are generally believed to have a favorable effect on soils
and crop yields. Guild (1955) indicated that the activities of these
animals improved soil structure and increased the mixing of organic matter
with the soil. Hopp and Slater (1949) found that earthworms corsistently

increased crop yields in 5 tests involving different crops and soil types.

Soil Pests of Sugarcane

Muir and Swezey (1927) found Collembola to be the most abundant

insects in sugarcane soils in Hawaii. They stated that these insects



probably normally feed on decaying roots, and attack living cane only inf;

the absence of humus. Experiments in pots showed that rooté-were severelyﬁfw

pitted by Collembola and that there was a marked absence of secondary
roots, although the plants showed no above ground effects. Further
experiments in poté made by Swezey (1928) cpnfirmed their earlier fiel&
observatiogs which had suggested to them that humus in the soil reduced
the amount of pittiné of sugarcane roots by Collembola.

Van Zwaluwenburg (1926) studied the various kinds of animals found
in Hawaiian soils and their relation to sugarcane plants. He found an
unidentified species of Collembolg to be capﬁble of making small round -
sﬁallow pits in the roots. This species formed about 557 of the total
animal life in cane soils. He believed this insect to be a possible
.faétor in growth failure of sugarcane,'due to its abundance and widespredd
occurfence. He mentioned that it breeds abundantly in land containing
old cane roots, and that part of its food is probably decaying vegetable-
tissue. He also observed vigorously growing stools of sugarcane which
had enormous numbers of pits on the roots.

Besides Collembola, Van Zwaluwenburg (ibid) repérted the following
animals to be abundant in sugar cane soils, and to have fed repeatedly
‘in the laboratory on freshly cut cane rooté, thus causing pits of various
sizes and shapes: 2 species of centipedes (Mecistocephalus maxillaris
(Gervais) and another undetermined species), a small white undetermiﬁed
millipede, gggxg_sp., and the snail, Cacciliojdes baldwini. Experimenté
of this kind, however, may not necessarily indicate the normal feeding

habits of these aniﬁals in the field.



Other studies by Van Zwaluwenburg (1929) conducted in large experi-
mental containers showed that heavy concentrations of Collembola of the
genus Isotomodes in soil deficient in humus caused a serious reduction of
secondary rcot growth which was associated with a 9% reduction in aerial
growth of the plants after 10 months. He mentioned, however, that this
amount of injury from Isotomodes spp. is never encountered in Hawaiian
cane fields where there is always enough humus material present in the
form of decayed roots and crop residueé to supply the food requirements
of these insects. Van Zwaluwenburg summarized the investigations of the
soil fauna of Hawaiian sugarcane fields, and concluded that the soil
"macrofauna" (defined by him as "all animal life of a size between the
trﬁly microsopic and the larger forms such as root grubs'") is of minor
importance iﬁ Hawaiian cane soils,

Williamg (1931) compiled a handbook of insects and other invertebrates
of Hawaiian sugarcane fields in which a chapter on the soil fauna was
written by R. H. Van Zwaluwenburg. All soil animals found in sugarcane
fields are listed with their relationships to sugarcane. Two unidentified
species of mites were reported from cane soils, and are described as
being mainly saprophytic. The symphylids, Scolopendrella simplex Hans
and Scutigegéllg sp., could be forced to feed upon cane roots in the
laboratory, but their damage was found only rarely in the field. A
pauropod, Paurbgus sp., probably hyxleyi Lubb., was also mentioned but
not in association with any cane root damage. Four species of Collembola
were reported from sugarcane soils of which the commonest was an un-
identified species of Isotomodes. The other less common ones were

Oﬂigh;u;us fimetarius (L.), Folsomia fimetaria Tulib., énd Isotoma palustris



Mull. var. hgl;gg;g,Reut. Only very rarely was severe root damage-due»td-
Igotomodeg found in the field, although some pitting could be found on
nearly any root examined. A dipluran (related to Japyx), which caused
irregular wounds in tender root cortex in the laboratory was also found
in some sugarcane soils.

Box and Guagliumi (1953) listed the springtail Salina sp., near
wolcotti Fols., as .one of the insects known to feed on sugarcane in
Venezuela. ‘They stated that the species was seen in abundance on
sugarcane foliage near Maracay during May, 1952. Guagliumi (1959)
mentioned the same species among the injurious insects of sugarcane in
Venezuela. In both cases, however, the nature .of injury and the-economic
impbrtance of the species was not mentioned.

Wolcott (1921) reported an unidentified lighﬁ‘yellowish-green species
of Collembola on sugarcane in Puerto Rico. He foﬁhd this insect in abun-
dance on cane, living mostly on the uﬁdersides‘of.the tough old leaves of
plants at least 2 or 3 feet high. The same author (1922) listed two -other
unidentified species of Collembola on sugarcane in Santo Domingo and
Puerto Rico. The first, described as a green spriﬁgtﬁil, was common ‘on
the undérside of cane leaves, while the other, a grey springtail, was
common under dead leafsheaths on the stalk. However, he diﬂ not state
whether any of these épecies were injurious to sugarcane.

Smyth (i919) reported the cane root mite, Uropodus sp., as being
abundant on cane roots at Rio Piedras and in other districts of Puerto Rieco.
According to him, this mite -eats into, severs and sometimes tunnels the

roots causing serious damage.
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Sein (1932) found that the Symphylid, Hanseniella sp., was responsible
for sugarcane root pitting previously attributed to nematodes in Puerto
Rico. He also noticed that two species of bristletails, Nicoletia sp.
and Lepisma sp., ate irregular cavities in the tips and other tender parts
of the roots. He thought that Nicoletia sp. was sufficiently abundant
to cause considerable injury. He reported that the sowbug, Philoscia
culebrae Moore, had been found to attack the tender parts of sugarcane
roots even in the presence of decaying organic matter in the soil.

Van Dine and Christenson (1932) publishéd a rgvised list of insects
affecting sugarcane in Cuba. One species of Collembola, a diplopod, a
chilopod and a symphylid, all unidentified, were mentioned under mis-

cellaneous soil insects and animals. Also listed were 5 species of snails,

namely, Opeas micra Orb., Thelidomus auricoma Fer., Obeliscus homalogyra
Pfr., Oleacina solidula Pfr. and Sphaeroniscus sp. |

Another list of insects and animals affecting sugar cane in Cuba is
given by Scaramuzza (1959) in which the springtail Entomobrya cubensis
Fols. is named with other insects and animals as being capable of causing
damage to sugarcane worthy of consideration. He also added the snail,
Lamellaxis micro Orb., to the 5 species previously mentioned by Van Dine
and Christenson (1932).

Pierce (1934) reportéd that the springtails Lepidocyrtinus chafferi,
Lepidocyrtus sp. and Cyphoderus sp. caused 'corrosion' of sugarcane roots
in Negros. Lepidocyrtinus chafferi and ggggggggxg sp. were also recorded
from sugarcane flowers.

During the course of a study of soil pests responsible for heavy

mortality of sugarcane seedlings in flats at Coimbatore, India, Rao (1959)



found large numbers of a white symphylid in soil around the plant roots.
He was able to see the symphylids in the act of gnawing at the roots and
tender root hairs.

Root disease, or root rot, has been considered a major cause of
declining yields of sugarcane in Louisiana. Rands (1924) claimed that
the snail, Zonitiodes arboreus Say, may be responsible for the root
trouble, The damage he attributed to the snail consisted of minute
cavities or pits which were most extensive on the soft, white, terminal
portions of the root, frequently causing death of the growing point and
development of secondary roots. Lesions commonly developed around the
pits due to invasion of the weakened tissues by soil inhabiting micro-
organisms. He supported his idea that the root pitting was caused by
the snail by direct observations and feeding tests with isolated snails
in the laboratory. He also found this snail species associated with the
same type of root injury on cane growing in the peat soils -of southern
Florida.

Spencer and Stracener (1929) reinvestigated the root rot problem
with the idea of finding a means of control for the molluscs in order to

eliminate root pitting and subsequent invasion of roots by the root rot

11

organisms. They made a survey of sugarcane fields in Louisiana. In each

locality sugarcane stubble was dug and examined with the surrounding soil
for root injury, snails and other animals. The more abundant of the :soil

animal species found by them included Mollusca (Zonitoides arboreus),

Annelida (Lumbricus spp.), Diplopoda (1 undetermined species), Chilopoda
"(2 undetermined species), Symphyla (Symphvlella sp.), Arachnida (3 species

of mites), Collembola (Lepidocyrtus violentus = Pseudosinella petterseni,



12

ggggg;g_!gggg;gg, Proigotoma minuta and Onychiurus armatus), and Coleoptera
(Pgiggggtxla gerricallis, Chauliognathus marginatus, Elateridae, Scarabaeidae,
Rhyncophora, Staphylinidae and Carabidae). Root pitting ﬁas found in

every field sampled.

To determine which of the animals listed above would induce root
pitting, they placed pieces of seed cane wrapped in moist cotton in glass
hydrometer jars. When the cane sprouted and put out roots numbers of
Pgeudoginella petterseni, Proisotoma minuta, Symphylella sp., Zonitoides
arboreug, centipedes and mites were isolated and introduced into separate
jars. Root pitting was observed only in the jars containing Pseudosinelia
petterseni. They also stated that they had frequently seen this species
of Collembola in the act of gnawing pits on the roots.

In another series of experiments in which the different soil animals
were intfoduced to cane plants growing in steam sterilized soil in
galvanized pails, root injury was produced by Pseudosinella petterseni,
Onychiurus armatus and possibly Proisotoma minuta, and also by the
symphylid, Symphylella sp. Besides gnawing pits in the roots Pseudosinella
getgegsegi ate off practically all the side roots. The authors considered
this type of injury more serious than the pitting. They also found that
the growth of cane sprouts after 2 months in pails containing this springtail
species #veraged 147, shorter than in the checks. However, their data showed
an increase in height of sprouts amounting to about 7% in the pots con-
taining Onychiurus armatus. The probability of a feal difference between
these treatments could not be estimated from the data published for this

experiment.



They added cane and soybean crop residues to the soil in other pails
containing springtails aﬁd sugarcane seedlings to determine if there was
a relationship between soil humus and root injury. Their observations
indicated that the presence of an abundance of humus in the soil did not
prevent injury to sugarcane roots by Collembola. However, these results
are in conflict with the observations of van Zwaluwenburg and others
regarding Hawaiian sugarcane soils.

Further investigations by Spencer and Stracener (1930) indicated
that the growth of sugarcane during one entire season in large outdoor
cylinders containing sterilized or unsterlized soil may have been adverselj :
affected by the springtails, Pseudosipella geﬁtergeni and Onychiurus a;ggtﬁgc
In 1 series 6f these soil cylinders they measured average reductions in |
cane weight amounting to 227 and 167 for these two species, respectively.
However, it was not possible from the data published to estimate the
probability that these were real weight reductions and not chance variations
in weights of cane from different groups of cylinders. They also believed
that springtails had caused a germination faiiure in 1 of the cylinders.
They éttributed very little damage to Symphylella sp.

Similar studies were conducted by Ingram (1931). He made another
survey of soil animals in sugarcane fields in 4 different locations in
Louisiana. He found average numbers of the principal soil animals in

soil samples 4 inches square and 8 inches deep taken from various soil

types to be 8.93 for Hansepiella unguiculata Bag., 2.44 for Pgeudosipella

petterseni, 3.91 for Onychiurug grmatus, 3.29 for JapyX sp. and 2.12
for Zonitoides arboreus.



