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ABSTRACT
A 3-yr study on southeastern Louisiana sugarcane (Saccharum
officinarutn L. 'CP 65-357') revealed abundance and diversity of both
ground- and foliage-associated predators and prey to be higher in weedy
than in weed-free habitats.

The imported fire ant (IFA), Solenopsis

invicta Buren, major predator of the key insect pest, the sugarcane
borer, [Diatraea saccharalis (F.)], was more abundant in weedy (17
mounds/ha) than in weed-free (5 mounds/ha) habitats.

Azinphosmethyl,

commonly used for D. saccharalis control, decreased system stability
through food web route disruption by decreasing coleopterans,
phytophagous insects collectively, and spiders 51, 35, and 67%,
respectively.

Cane and sugar yields in broadleaf habitats and returns

in dollars per hectare averaged 19% higher than in the weed-free.
Studies on IFA diet composition and foraging activity showed the
most frequent foraging occurring in grass weed habitats which had the
greatest vegetation density.

Broadleaf weeds, however, appeared to

provide more prey per dry biomass (g/m2) than grasses or sugarcane
alone.
A trend for higher IFA populations was observed in clayey sugarcane
fields in South Louisiana over a 2-yr period.

Additionally, early

harvested fields contained the highest number of IFA mounds/ha (94.2),
with the lowest in the early planted fields (21.8).

Significantly

(P<0.05) higher amounts of P, Ca, Mg, Na, and percent organic matter
were found in clayey than in sandy fields.
An updated list of spiders in sugarcane is presented and includes
Gea heptagon (Hentz) and Neoantistea agilis (Keyserling), new Louisiana
records.

Lycosidae and Linyphiidae comprised the majority of sugarcane

ground-associated spider fauna (55 and 26%, respectively).

Araneidae

and Theridiidae comprised the majority of the foliage-associated fauna
(41 and 37%, respectively).

Weed control practices seemed to have

little impact on the araneid faunal composition and abundance in
sugarcane.
In a 2-yr study, Johnsongrass (JG), [Sorghum halepense (L.) Pers.],
interference reduced cane and sugar yields (36 and 31%, respectively) in
plots heavily infested with JG than in weed-free plots.

Sugarcane

yields were inversely influenced by JG equivalents according to the
prediction equation: Y = 68,994 - 51 X (r=-0.826, P<0.01).

Significant

relationships were not observed between damage by I), saccharalis and JG
infestations.

INTRODUCTION
Prior to the 1960s, pest management in Louisiana sugarcane has
relied heavily on the use of insecticides and herbicides for control of
insect and weed pests.

The extensive reliance on insecticides, coupled

with improper insecticide selection and timing of applications, was not
without disadvantage.

Detrimental effects on predators and other

beneficial arthropods due to chemical applications in sugarcane fields
were noted by several authors (Hensley et al. 1961; Negm and Hensley
1967, 1969a; Reagan et al. 1972).

A landmark study by Long et al.

(1958) showed that control of the imported fire ant (IFA), Solenopsis
invicta Buren, resulted in increasing sugarcane borer (SCB), Diatraea
saccharalis (F.), populations and subsequently greater damage to the
crop.
Another potential problem with improper chemical selection or
timing of application was development of resistance in pest populations.
Reagan et al. (1979) have shown increased resistance levels in SCB
populations of the Lower Rio Grande Valley in Texas as compared to those
from Louisiana.

SCB populations from Texas displayed increased

resistance levels by as much as 4.5-9X, 10-12X, and 2-8X to
monocrotophos, carbofuran, and both methomyl and methyl parathion,
respectively, over Louisiana populations.

A 12 generation laboratory

selection study by Vines et al. (1984) on Louisiana SCB populations
showed a 3.6X and 7.6X increased resistance levels to fenvalerate and
monocrotophos, respectively.

Additionally, the fenvalerate-selected

colony displayed cross-resistance to numerous other pyrethroids:
permethrin, cypermethrin, flucythrinate, and cyfluthrin.

2

Management practices regarding weed populations have been focused
on total weed control or eradication from sugarcane fields.

Certain

weed species have the potential for pest population buildup (Altieri and
Whitcomb 1979a).

On the other hand, some annual weeds can play an

important ecological role by harboring and supporting a complex of
beneficial arthropods (AliNiazee et al. 1979; Altieri and Whitcomb
1979b, 1980a).

The potential of weeds as reservoirs of beneficial

agents in several crops has been observed by Altieri et al. (1977) and
Altieri and Whitcomb (1979c).

van Emden (1965) discussed the role weeds

play in the biology of beneficial and pest insects.

He noted that the

gain in the association of beneficials with weeds may outweigh that of
pests attracted to those weeds.

Altieri and Whitcomb (1980b) showed

that the incidences of the fall armyworm, Spodoptera frugiperda (J. E.
Smith), and the corn earworm, Heliothis zea (Boddie), were consistently
higher in weed-free than weedy corn fields.

DeLoach (1970) studied the

effects of habitat diversity on predation with special reference to
cotton.

He concluded that in a polycultural system (cotton interplanted

with corn, alfalfa, soybean, etc.) predation was higher than in a cotton
monoculture.
The most widespread disease infecting Louisiana sugarcane is caused
by the sugarcane mosaic virus (Komblas and Long 1972).

Two other

pathogens of sugarcane are Clavibacter xyli subsp. xyli, causing ratoon
stunting disease (RSD), and Colletotrichum falcatum Went, which causes
red rot of sugarcane stalks.

Ogunwolu (1983) studied the synergistic

yield damage of these two agents with the SCB.

He reported a 3X

increase in yield loss due to damage by SCB and RSD as compared to that
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by RSD alone.

He also noted a 9.2-34.1% reduction in sugarcane

germination and a 2.5 metric ton/ha loss in sugar yield due to combined
damage by SCB and red rot.
Interdisciplinary pest management (IPM) systems attempt the
balanced use of several control tactics: chemical, cultural, mechanical,
and legal, among others, for optimal and efficient management of pest
populations (Way 1977).

The single most essential concept to a

successful IPM program is understanding the ecological relationships
among floral and faunal components in the agroecosystem.

By

manipulating and diversifying the flora in such a manner that the
vegetation is subcompetitive with the crop, a resultant faunal
diversification will accrue.

System stability will, therefore, ensue

from increased trophic relationships and food web route diversification
(MacArthur 1955, Paine 1969).

A more stable system will then result in

fewer pest outbreaks and reduced reliance on chemicals, which when
improperly used may reduce diversity, hence stability, in the
agroecosystem.
The objectives from the research studies reported herein were:
1) to determine the impact of vegetation manipulation on predation in
Louisiana sugarcane ecosystems,
2) to quantify and qualify the IFA diet composition and foraging
activity in selected weedy sugarcane habitats,
3) to better understand the effects of selected sugarcane soil types
and cultural practices on IFA abundance,
4) to investigate the influence of vegetation manipulation on araneid
faunal composition and abundance in Louisiana sugarcane ecosystems,

and 5) to quantify the effects of johnsongrass, Sorghum halep
(L.) Persoon, interference on sugarcane yield.

LITERATURE REVIEW
I. Vegetation manipulation and predation in Louisiana sugarcane:
Little information is available on the interactions of arthropods
with weeds in sugarcane.

White (1980) studied the effects of weed

control on predation of the sugarcane borer (SCB), Diatraea saccharalis
(F.)t with major reference to the imported fire ant (IFA), Solenopsis
invicta Buren.

He concluded that a moderate amount of weeds improved

predation on the SCB thus reducing infestations and crop damage.

Tirado

and DeMartinez (1977) investigated the possibility of biological control
of weeds in sugarcane.

They stated that the highest association of

insects with weeds was observed on Ipomoea sp. and Amaranthus dubius
(Mart.).

Those insects were mainly from the orders Lepidoptera and

Coleoptera, and did not seem to feed on sugarcane.
Interactions of the SCB with predators are documented by numerous
researchers.

Charpentier et al. (1967) pointed out the important

beneficial role of the IFA in SCB suppression.

Negm and Hensley (1969b)

quantitatively evaluated the importance of SCB predators by correlating
their numbers with SCB egg and larval mortality.
and spiders as the most important predators.

They denoted the IFA

Reagan (1980) indicated

that in a sound integrated pest management system, 25% of SCB population
suppression can be accomplished with beneficial arthropods, especially
naturally occurring predators.

Therefore, by creating a favorable

habitat for those beneficials, one can insure the continual, though
partial, suppression of damaging SCB populations.

II. Imported fire ant (IFA) foraging in sugarcane:
The IFA, or red imported fire ant, is the most important predator
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of the SCB in Louisiana sugarcane (Charpentier et al. 1967, Oliver et
al. 1979, Reagan 1982).

The IFA has been reported as an important

predator of numerous other major pests including the pecan weevil,
Curculio caryae (Horn) (Dutcher and Sheppard 1981); the lone star tick,
Amblyomma americanum (L.) (Harris and Burns 1972); the horn fly,
Haematobia irritans (L.) (Howard and Oliver 1978); the boll weevil,
Anthonomus grandis Boheman (Sterling 1978); Heliothis spp. (McDaniel and
Sterling 1979); and others reviewed in Sauer et al. (1982).
Wilson and Oliver (1969) investigated the composition of IFA diet
material in pasture and pine forest in southeastern Louisiana.

Morrill

(1977) studied IFA predation of the greenhouse whitefly, Trialeurodes
vaporariorum (Westwood), and measured rates of ant movement on foraging
trails.
the IFA.

Both of these studies revealed the generalist feeding habits of
White (1980) reported a 2-3 X reduction in IFA numbers in

sugarcane field plots kept free of weeds.

He also noted greater mound

abandonment in weed-free plots, and proposed that weed populations help
sustain the IFA with the arthropod fauna they harbor.

Additional

reports on the beneficial role of the IFA in agricultural settings can
be found in Banks et al. (1978), Reagan (1985), Wojcik (1985), and
Wojcik and Lofgren (1982).

III. Effects of cultural practices and soil types on IFA populations:
The IFA is a ground associated insect, the colonies of which
inhabit earthen constructed mounds and sometimes forage through
subterranean tunnels (Markin et al. 1975).

Blust et al. (1982)

illustrated the reduction in IFA mounds in pastures as a result of mound
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disruption and subsequent exposure to low temperatures in the winter.
This also was shown by Morrill and Greene (1975) where reduction in IFA
mounds was a result of winter tillage operations.

Exposure to low and

freezing winter temperatures is a primary factor responsible for as much
as 100% colony mortality, particularly in unprotected habitats (Morrill
et al. 1978).

Herzog et al. (1976) reported higher IFA mound soil

phosphorous (P) concentrations than in closely adjacent areas to the
mound in clayey and loamy pastures.

They also observed higher

concentrations of protein, carotene, and P in grass growing on the
mounds.

IV. Spiders in Louisiana sugarcane:
The first inventory of spiders in Louisiana was conducted by Hubert
(1923), who collected and identified 187 species throughout the state.
Though ants have been considered the key group among the predatory
arthropod complex controlling the SCB in Louisiana sugarcane fields
(Reagan et al. 1972), spiders comprise a significant portion of this
complex.

There is a dearth of knowledge, however, regarding the effects

of differing cultural practices on spider faunal composition in
Louisiana sugarcane ecosystems.

Negm et al. (1969) presented a list of

135 species captured over a 9-yr period in Louisiana sugarcane fields.
Negm and Hensley (1967, 1969b) observed Clubiona abbotii C. L. Koch, and
Singa variabilis Emerton, feeding on larvae, and Lycosa helluo
Walckenaer on adults of the SCB and provided data to show that spiders
are responsible for up to 50% SCB egg predation.
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V. Johnsongrass interference with sugarcane:
The choice, through selective herbicide applications, as to which
weeds to allow in the field is crucial to a successful management
system.

Annual broadleaves that are shallow rooted and die back at

canopy closure would compete with the crop far less than deep rooted
perennials.

Johnsongrass (JG), Sorghum halepense (L.) Persoon, is the

major pestiferous perennial grass weed in Louisiana sugarcane
(Millhollon 1970).

Colbert (1979) reported the tremendous vegetative

growth potential of JG as one plant produced up to 100 m of rhizome in 4
weeks.

This also was documented by Horrowitz (1973) who reported a

mature JG plant producing as much as 1 m of rhizome per day in August.
Sugarcane (cv. L 60-25 and NCo 310) yield reductions ranging from 71 to
84% over a 5-yr period were reported by Arevalo et al. (1977).
Millhollon (1970) and McWhorter (1972) further reported potential yield
losses of 25 to 50% and 47%, respectively, when JG populations were not
controlled.

CHAPTER I

VEGETATION MANIPULATION IMPACT ON PREDATOR
AND PREY POPULATIONS IN LOUISIANA SUGARCANE ECOSYSTEMS

The following chapter is modified from manuscript J85-188, accepted
by the Journal of Economic Entomology, and is currently in press.
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Introduction
The sugarcane borer (SCB), Diatraea saccharalis (F.)» is the key
insect pest in Louisiana sugarcane, responsible for annual losses of up
to 13% when populations are left unmanaged (Pollet et al. 1978). The SCB
also is responsible for damage in other cultivated crops, such as corn
(Flynn et al. 1984) and sorghum (Reagan and Flynn 1985), which are often
planted next to sugarcane, and rice (Hummelen 1974).
In Louisiana, sugarcane is grown in a 4-year rotation cycle: plant,
first and second ratoons, and fallow, respectively.

Management

practices have traditionally included weed control both with herbicides
and cultivation, and the use of two to four applications of
azinphosmethyl (Guthion) for SCB control.

White (1980) has shown that

stubbling, together with moderate weed control, enhances predator
populations, thus reducing the need for reliance on insecticidal
applications.

Ali et al. (1984) demonstrated the potential of annual

broadleaf and grass weeds to provide 9.6 and 4.1 prey/g dry biomass/m2,
respectively.

SCB predators, the most important of which (Reagan et al.

1972) is the red imported fire ant (IFA), Solenopsis invicta Buren,
could build up in numbers by feeding on the prey associated with annual
weeds, resulting in more efficient SCB population suppression later in
the season.
Annual weeds have been shown to harbor beneficials in other
agroecosystems such as corn (Altieri and Whitcomb 1980) and beans
(Altieri et al. 1977).

Other studies have demonstrated the association

of increased predation and species diversity with polycultures (Root
1973), and greater floral diversity and structural stratification (van
Emden 1965).
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The present studies were conducted to investigate the impact of a
subcompetitive stand of annual weeds on predation in southeastern
Louisiana sugarcane ecosystems.

The goal was to develop an economically

sound Integrated Pest Management (IPM) strategy for Louisiana sugarcane
growers that minimizes pesticide applications in order to stabilize
internal links in the ecosystem.

Advantages are construed as cost

reductions, reduced environmental pollution, and maximal returns to the
grower.

Materials and Methods
The experiments were conducted in 1982 and 1983 on plant and firstratoon sugarcane (cv. CP 65-357) in West Baton Rouge Parish, and in 1984
on first-ratoon 'CP 65-357' in St. Martin Parish, Louisiana.

The

experimental design was a randomized complete block with a split-plot
arrangement of treatments.

Main plots represented four treatments: 1)

grasses (monocots), 2) broadleaves (dicots), 3) mixed-weed, and 4)
weed-free, replicated six times (plot size 0.3 ha).

Grass habitats

received an early-spring pre-emergence application of atrazine
[2-chloro-4-(ethylamino)-6-(iso-propylamino)-s-triazine] at 3.36 kg
(AI)/ha, followed by postemergence applications of dicamba [3,6dichloro-o-anisic acid] at 2.24 kg (AI)/ha for broadleaf weed control as
needed to maintain the integrity of the treatment (maximum of three
applications).

Broadleaf habitats received an early-spring pre

emergence application of alachlor [2-chloro-2',6'-diethyl-N(methoxymethyl)acetanilide] at 3.36 kg (AI)/ha, followed by post
emergence applications of asulam [methyl sulfanilylcarbamate] at 3.74 kg
(AI)/ha for grass weed control.

Weed-free habitats received an early-
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spring pre-emergence application of terbacil [3-tert-butyl-5-chloro-6methyluracil] at 1.12 kg (AI)/ha, followed by postemergence applications
of ametryn [2-ethylamino-4-(isopropylamino)-6-(methylthio)-s-triazine]
at 2.24 kg (AI)/ha for nonselective weed control as needed.

Herbicides

were not used in the mixed-weed habitats, allowing for a natural weed
infestation.

Three cultivations (including lay-by) as normally made by

growers were made on each experimental plot during the spring.
To supplement the broadleaf flora, ground cherry and pigweed were
sown broadcast in the spring with seed spreaders (Cyclone) at 3.4 kg/ha.
Vegetation density and above-ground dry biomass were estimated with 0.5m2 quadrats.

Ten sites were randomly selected per main plot; in each,

individual plants of different species were counted, clipped at soil
surface, and bagged separately.
samples at 93°C for 48-72 h.

Weights were recorded after oven-drying

Similarly, visual estimation of percent

foliar cover was determined in 10 sites per plot.

Percent foliar cover

for each species visible within 360° at each site was recorded.
Relative importance values were calculated by a method modified from
Whittaker (1975) as follows:
Relative
importance

_

density of sp.(i)

biomass_ofjsp^(i)

total density

total biomass
foliar cover of sg.(i)
total foliar cover

Subplots (0.02 ha each) represented azinphosmethyl (S-(3,4dihydro-4-oxobenzo[d]-[1,2,3]-triazin-3-ylmethy1)dimethyl phosphorothiolothionate)-treated versus untreated plots for SCB control.

The

insecticide was applied three times in 1983 with backpack sprayers
(Solo) at 0.8 kg (AI)/ha when SCB infestations reached the economic
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threshold of 5% live larvae in leaf sheaths (Pollet et al. 1978).

SCB

populations did not reach a treatment threshold in 1984 to necessitate
azinphosmethyl applications.

Ground-associated arthropods were sampled

from June to October in 1982, 1983, and 1984 with pitfall traps
(Greenslade 1964), two per main plot (one per subplot), changed
biweekly.

IFA foraging was monitored with index cards (8 by 13 cm)

soaked with peanut oil (Dutcher and Sheppard 1981).

Additionally, IFA

mound numbers and sizes were determined in the different habitats during
August of 1984 according to the method of White (1980).
Sampling of foliage-associated fauna included the use of suction
machines (D-Vac) (Dietrick et al. 1959) in 1982 and 1983, two row
samples (7.3 m) per main plot (one per subplot).

Standard sweep nets

(Rudd and Jensen 1977) also were used for foliage sampling in 1984, 50
sweeps per main plot (25 per subplot).

Samples were placed in plastic

bags, cooled in ice coolers and returned to the laboratory for arthropod
identification and quantification.
SCB infestations were monitored from July to October by inspecting
20-30 stalks per main plot, selected at random, for live larvae feeding
in the sheaths or SCB stalk-entrance holes.
borers found were recorded for each plot.

Numbers and stages of
SCB damage was evaluated at

harvest by determining the percent bored internodes from a sample of 60
stalks randomly selected per plot.

Sugarcane yield was determined at

harvest by weighing 15 randomly selected stalks in four sites per plot.
Sugar content was determined on 10 stalks randomly selected per plot
according to the method of Meade (1964).

Net returns in dollars per ha

were determined through a computer-based program developed by Heagler et
al. (1985).
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Data were subjected to analysis of variance, and mean separation
via Duncan's (1955) multiple range test.

Species diversity was

calculated using Shannon-Wiener diversity index: H' = - 1(2) log (2),
where n = number of individuals of a species, and N = number of
individuals of all species.

Results
A list of weed species present during 1982 to 1984 is given by
family in Table 1.

Above-ground weed dry biomass, average density,

average percent foliar cover, and average relative importance values are
shown in Table 2.

Grasses ranked highest (P<0.05) in importance

throughout the study in the grass habitats.

Similarly, broadleaves were

highest (P<0.05) in relative importance in the broadleaf habitats.

In

the mixed-weed habitats, grasses were somewhat higher in relative
importance likely due to the higher density (number of plants per unit
area) of grass as opposed to broadleaved plants.

Azinphosmethyl

caused a 35% reduction in homopterans, and a 31% reduction in predators
(P<0.05) in treated versus untreated subplots.

Additional reductions

due to azinphosmethyl were coleopterans (51%), phytophagous insects
collectively (35%), and spiders (67%), in the treated versus untreated
subplots (P<0.01).

Abundance of ground-associated (based on pitfall

trap counts), and foliage-associated predators and prey (based on D-Vac
and sweep-net counts) is given in Table 3 for the selected management
practices.

Diversity of ground- and foliage-associated predators and

prey also is given in Table 3.

IFA, other Formicidae, predatory

Carabidae, Staphylinidae, Coccinellidae, Cicindellidae, predatory
Hemiptera, Dermaptera, Odonata, entomophagous Hymenoptera, Araneae,
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Table 1. Weed species present under selected cultural practices in
southeastern Louisiana sugarcane fields, 1982-84

Family and species

Abundance^

Aizoaceae
Mollugo verticillata L.

F

Amaranthaceae
Amaranthus hybridus L.

F

A. retroflexus L.

F

A. spinosus L.

R

Asteraceae
Aster subulatus Michaux

R

Conyza bonariensis (L.) Cronquist

R

Eclipta alba (L.) Hasskarl

R

Eupatorium capillifolium (Lamarck) Small

R

E. serotinum Michaux

R

Gnaphalium purpureum L.

R

Iva annua L.

R

Senecio glabellus Poiret

R

Solidago canadensis L.

R

Sonchus sp.

R

Boraginaceae
Heliotropium indicum L.

R

Brassicaceae
Coronopus didymus (L.) Smith

R

Lepidium virginicum L.

R
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Table 1. (contd.)
Convolvulaceae
Ipomoea coccinea L.

F

i* hederacea (L.) Jacquin

F

I_. quamoclit L.

R

Jacquemontia tamnifolla (L.) Grisebach

R

Cucurbitaceae
Cucumis melo L.

R

Cyperaceae
Cyperus esculentus L.

A

C. iria L.

F

£. rotundus L.

A

Fimbristylis miliacea (L.) Vahl

R

Euphorbiaceae
Acalypha ostryaefolia Riddell

F

Euphorbia nutans Lagasca

R

Phyllanthus sp.

R

Poinsettia sp.

R

Fabaceae
Sesbania exaltata (Raf.) Rydberg ex.A. W. Hill

R

Hypericaceae
Hypericum mutilum L.

R

Malvaceae
Modiola caroliniana (L.) G. Don

R

Onagraceae
Ludwigia decurrens Walter

R
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Table 1. (contd.)
Oenothera laciniata Hill

R

Oxalidaceae
Oxalis stricta L.

R

Poaceae:
Brachiaria platyphylla (Grisebach) Nash

A

Cynodon dactylon (L.) Persoon

F

Dactyloctenium aegypticum (L.) Beauvois

F

Digitaria ciliaris (Retzius) Koeler

F

Echinochloa colonum (L.) Link

F

Eleusine indica (L.) Gaertner

F

Leptochloa filiformis (Lamarck) Beauvois

R

.L. panicoides A. S. Hitchcock

F

Panicum dichotomiflorum Michaux

R

Setaria viridis (L.) Beauvois

R

Sorghum halepense (L.) Persoon

F

Portulacaceae
Portulaca oleracea L.

R

Scrophulariaceae
Lindernia Crustacea (L.) F. Mueller

R

Solanaceae
Physalis angulata L.

A

Tiliaceae
Corchorus aestuans L.

R

C. hirtus L.

R

Urticaceae
Boehemia cylindrica (L.) Swartz

R
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Table 1. (contd.)
Verbenaceae
Verbena brasiliensis Vellozo

R

a/
— R, rare (<0.02 plant/m2); F, frequent (0. 5-1 plant/m2); A,
abundant (>2 plant/m2).
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Table 2. Vegetation measurements in habitats under selected management
practices in southeastern Louisiana sugarcane fields, 1982-84

_

_

X Dry

X Density

q

_

X Foliar

Habitat_______biomass (g/m2) (plants/m2) cover (%)

Relative Importance—
Grass

Broadleaves

1982-/
Weed-free

0.0c

0.0c

0.0b

0.00c

0.00b

Broadleaf

5.4c

20.7b

13.3b

2.18b

0.82a

Grass

25.1b

41.9a

65.0a

2.89a

0.11b

Mixed

38.8a

38.2a

67.3a

2.77a

0.23b

Weed-free

0.0c

0.0c

0.0c

O.OOd

0.00c

Broadleaf

51.2b

15.3a

36.9b

1.25c

1.75a

Grass

64.1b

8.1b

66.9a

3.00a

0.00c

Mixed

93.0a

14.4a

60.9a

1.92b

1.08b

O.Od

O.OOd

0.00c

1983-/

1984-/
___ c/

Weed-free

0.0c

Broadleaf

76.9b

---

83.8b

0.29c

1.71a

Grass

58.2b

---

71.5c

2.00a

0.00c

Mixed

109.6a

____

113.8a

1.38b

0.62b

a/
— Calculated by a method modified from Whittaker (1975). See text
for details.
— ^ Means in the same column followed by the same letter are not
significantly different (P<0.05, Duncan's [1955] multiple range test),
c/

—

Density was not determined in 1984.

/

Table 3.

Orthogonal contrasts on abundance and diversity of ground- and foliage-associated

predators and prey under selected management practices in southeastern Louisiana sugarcane, 1982-84—

______________ Diversity*-_____________
Ground-associated^ Foliage-associated^
Habitat

Abundance____________________
Ground-associated^— ^ Foliage-associated^— 1
^

Predators

Prey

Predators

Prey

Predators

Prey

3.07

2.80

1.22

1.46

64.1

88.0

5.7

55.5

Weed-free (B)

3.13

2.80

0.73

1.40

46.9

64.9

4.9

34.4

Grasses (C)

3.15

2.94

1.02

1.44

50.6

82.8

6.3

58.7

Broadleaves (D)

3.23

2.93

0.84

1.48

55.2

73.9

4.7

38.3

B vs A,C,D

+

*

+

+

+

A

+

**

A vs C,D

+

*

+

+

+

+

+

+

C vs D

+

+

+

+

+

+

+

**

Mixed

(A)

Predators

Prey

a/
— Predators include IFA, other Formicidae, Staphylinidae, Cicindellidae, predatory Hemiptera and
Carabidae, Coccinellidae, Dermaptera, entomophagous Hymenoptera, Odonata, Araneae, Chilopoda, and
Diplopoda.

Prey includes Homoptera, phytophagous Diptera, Collerabola, Lepidoptera, Gryllidae, and

phytophagous Hemiptera and Coleoptera.
— ^ Calculated using Shannon-Wiener diversity index H ’= - E (^) log (^).

Tavle 3. (Cont'd):
c/
—
Based on pitfall trap catches (June-Oct.).
—

Based on D-vac (1982-83) and sweep-net (1984) samples in Aug.

e/
—
Figures represent X per trap per 2 weeks.
—

Figures represent X catch per 7.3 m of row or per50 sweeps.

* = (P<0.05), ** = (P<0.01), + = (P>0.05).

N3
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Chilopoda, and predatory Diplopoda were classified as predators.
Homoptera, phytophagous Diptera, Collembola, Lepidoptera, Gryllidae, and
phytophagous Coleoptera and Hemiptera were classified as prey.
There was a trend for greater IFA foraging, based on peanut
oil-soaked index cards, in weed-free (166.2 ants per card) as opposed to
weedy (150.7 ants per card) habitats during 1982, 1983 (82.4 versus 50.1
ants per card), and 1984 (68.6 versus 23.5 ants per card).

Large IFA

mounds, however, were more abundant (P<0.05) in weedy (17 mounds per ha)
than in weed-free (5 mounds per ha) habitats during 1984.

There also

was a trend for higher SCB infestations in weed-free as opposed to weedy
habitats during 1982 (Fig. 1).

Additionally, in 1983, SCB infestations

became significantly (P<0.05) higher in the weed-free habitats as the
season progressed due to the multivoltine nature of this pest.

The

freeze that occurred during winter 1983-84 drastically reduced SCB
populations, resulting in a comparatively lower infestation in all
habitats (3.2% maximum infestation).
Differences were not detected (P>0.05) in percent SCB-bored
internodes, which averaged 8.2, 7.4, 7.3, and 6.9 in 1982; 17.4, 16.5,
14.1, and 14.9 in 1983; and 3.6, 2.1, 2.4, and 1.3 in 1984, in the
weed-free, broadleaf, grass, and mixed-weed habitats, respectively.
Differences also were not detected (P>0.05) in SCB exit holes (X per 20
stalks): 3.5, 2.9, 2.3, and 2.2 in 1983; and 0.9, 0.1, 0, and 0.3 in
1984, in the weed-free, broadleaf, grass and mixed-weed habitats,
respectively.

Average number of exit holes was not determined in 1982.

Cane and sugar yield, sucrose content, and net returns in dollars per ha
are shown in Table 4 for the selected management practices during the
seasons of 1982, 1983, and 1984, respectively.

70

1982

60

- Weedy
—-o— Weed-free

Infestation

1983
60

— • — Weedy
Weed-free

40h
30

20
10

August
Figure 1.

September October

Percent sugarcane borer infestation (X + SE) during 1982 and 1983 in weedy
and weed-free sugarcane habitats, West Baton Rouge Parish, Louisiana.
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Table 4. Cane and sugar yield, sucrose content, and dollar returns
under selected sugarcane (cv. CP 65-357) management practices in
southeastern Louisiana, 1982-84
Cane

Sucrose

Commercial

yield

content

sugar

return

(T/ha)

(% by wt of juice)

(kg/ha)

($/ha)

Weed-free

87.2a

16.6a

7,423a

1,137.12

Broadleaf

99.6a

16.3a

8,276a

1,373.32

Grass

95.6a

17.0a

8,473a

1,396.72

Mixed

102.6a

16.0a

8,297a

1,367.15

Weed-free

77.1a

16.3b

5,958a

760.21

Broadleaf

78.6a

15.8b

6,079a

803.85

Grass

63.8b

17.2a

5 ,327ab

606.39

Mixed

60.1b

16.3b

4,738b

507.92

Weed-free

42.1a

16.5b

3 ,521ab

111.32

Broadleaf

45.4a

17.Oab

3,945a

302.65

Grass

39.3ab

16.Sab

3 ,368ab

146.28

Mixed

33.7b

17.3a

2,993b

114.31

Resultant
habitat

Net

198 2 - ^

1983^-

1984-^

—

Means in the same column followed by the same letter are not

significantly different (P<0.05, Duncan’s [1955] multiple range test).
— ^ Plant cane crop.
First ratoon crop.
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Discussion
The major portion of predators in this study comprised IFA and
spiders.

The former are polyphagous feeders that respond positively to

prey abundance (Ali et al. 1984), and the latter are carnivorous or
occasionally cannibalistic.

Floral diversification in weedy habitats

(Table 2) was reflected by a greater abundance of ground-associated
(P<0.05) and foliage-associated (P<0.01) prey in weedy as opposed to
weed-free habitats (Table 3).

Highly significant (P<0.01) positive

correlations were observed between percent foliar cover of annual weeds
and diversity of ground-associated prey (r = 0.48) and predators (r =
0.51).

IFA was more abundant (P<0.05) in weedy (17 mounds per ha) than

in weed-free (5 mounds per ha) habitats in 1984, apparently as a result
of greater abundance of prey.

IFA foraging, however, was slightly more

active in weed-free habitats, possibly due to greater stress imposed by
food limitation through the absence of ground vegetation.

As a food

source was discovered, the ants recruited more readily, thus
accumulating at the source faster in the habitats devoid of weeds.
SCB infestations were slightly higher in weed-free than in weedy
habitats in 1982 (Fig. 1).

During 1983, significantly higher (P<0.05)

infestation levels occurred late in the season in the weed-free
habitats.

The reduction in percent infestation around the middle of

September in weedy habitats was likely due to predator suppression of
SCB populations that was not paralleled in the weed-free habitats.

SCB

damage based on percent bored internodes showed a consistently higher
trend in weed-free as opposed to that in weedy habitats during 1982,
1983, and 1984.

Additionally, mean percent bored internodes was

negatively correlated (r = - 0.42, P<0.01) with percent foliar cover of
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annual weeds.

The lower predator abundance in habitats devoid of weeds

was further exemplified by the trend for higher SCB population buildup
(based on X no. exit holes per 20 stalks) in those habitats.
Azinphosmethyl, a broad-spectrum insecticide commonly used for SCB
control, significantly (P<0.05) reduced both prey (for example
homopterans, 35%) and predator (31%) populations in the treated as
compared to untreated subplots.

It also decreased (P<0.01) coleopterans

(51%), phytophagous insects collectively (35%), and spiders (67%) in the
treated subplots.

Thus, major reductions in the arthropod fauna

resulting in food-web route disruptions may potentially ensue from the
improper use of the insecticide as a means for controlling SCB
populations.
Greater floral and faunal diversification and abundance is expected
with ratooning of the crop (White 1980).

The choice through selective

chemical use of the composition and density of the weed population to be
allowed in the field is crucial to the management of predator and prey
populations.

Perennial weeds and those with an excessively dense stand

have the potential of competing with and inflicting greater stress on
the crop.

This stress was evident in the higher (P<0.05) sucrose

content and lower (P<0.05) tonnage of cane per ha in grass habitats
during 1983, and in the mixed-weed habitats during 1984 (Table 4) due to
the presence of johnsongrass in those plots.

Additionally, percent

foliar cover of perennial weeds correlated negatively (P<0.05) with
diversity of ground predators (r = - 0.37) and prey (r = - 0.35).

The

higher abundance of foliage-associated prey in grass habitats (Table 3)
was due to the excessive presence of aphids on johnsongrass plants
present in those habitats.

This led to the relatively reduced diversity
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of foliage-associated prey in grass as opposed to broadleaf habitats.
A subcompetitive stand of annual weeds (especially broadleaves)
that are shallow-rooted and die back at canopy closure is, therefore,
ideal for stabilizing the system.

Early in the season the weeds harbor

neutral insects (those not directly harmful or beneficial to crop
production) that lead to buildup in predator populations.

As the pest

populations begin to increase, the predators, which already are abundant
in sufficient numbers, can suppress the pests more quickly and
efficiently.

With season progression, the cane canopy closes, weeds

cease to grow due to reduced light penetration, and die back; thus, the
risk of their competing with the crop is eliminated.

The economics of

this are illustrated in Table 4, where broadleaf habitats had higher
yields and were ranked second highest in returns during 1982, and
highest during both 1983 and 1984.

Detailed economic analyses of the

selected management practices are given in Appendix A.
The reduced reliance on broad-spectrum insecticides will result in
a greater increase in system internal links, resulting in higher
diversity and stability.

The greater floral diversification results in

greater faunal diversification (higher prey and predator numbers) and
increased food web routes, hence, greater system stability (minimal pest
"outbreaks").

Finally, cost reductions through elimination of

unnecessary insecticide and herbicide applications result in higher
returns to the grower, together with decreased environmental pollution,
culminating in fewer dangers facing man and wildlife.
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CHAPTER II

INFLUENCE OF SELECTED WEEDY AND WEED-FREE SUGARCANE
HABITATS ON DIET COMPOSITION AND FORAGING ACTIVITY OF THE
IMPORTED FIRE ANT (HYMENOPTERA:FORMICIDAE)

The following chapter is modified from a manuscript published in
Environmental Entomology, Vol. 13: 1037-1041.
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Introduction
The imported fire ant (IFA), Solenopsis invicta Buren, is the most
important predator of the sugarcane borer, Diatraea saccharalis (F.),
the key insect pest in Louisiana sugarcane
Oliver et al. 1979, Reagan 1982).

(Charpentier et al. 1967,

All attempts to control the IFA in

this ecosystem have reduced spider and other predaceous arthropod
populations, and have resulted in an upsurge of damaging borer
populations (Long et al. 1958, Hensley et al. 1961, Reagan et al. 1972).
The IFA, or red imported fire ant, has been reported as an
important predator of numerous other major pests including the pecan
weevil, Curculio caryae (Horn), (Dutcher and Sheppard 1981); the lone
star tick, Amblyomma americanum (L.), (Harris and Burns 1972); the horn
fly, Haematobia irritans (L.), (Howard and Oliver 1978); the boll
weevil, Anthonomus grandis Boheman, (Sterling 1978); Heliothis spp.,
(McDaniel and Sterling 1979); and others reviewed in Sauer et al.
(1982).
Wilson and Oliver (1969) investigated the composition of IFA
diet material in pasture and pine forest in southeastern Louisiana.
Morrill (1977) studied IFA predation on the greenhouse whitefly,
Trialeurodes vaporariorum (Westwood), and measured rates of ant movement
on foraging trails.

Both of these studies revealed the generalist

feeding habits of the IFA.
White (1980) reported a 2-3 fold reduction in IFA numbers in
sugarcane field plots kept free of weeds.

He also noted greater mound

abandonment in weed-free plots and proposed that weed populations
help sustain the IFA with the arthropod fauna they harbor.
Reagan (1982) further suggested that maintaining sugarcane habitats
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free of weeds caused increased IFA predation on other important
predators of the sugarcane borer.
The present study compares the composition of IFA diet and
foraging activity among selected weedy and weed-free sugarcane habitats.
Such information should contribute to a better understanding of the
interactions of this important predator with weeds, and help lead to a
more enlightened insect/vegetation management strategy for sugarcane
production in Louisiana.

Materials and Methods
Fields consisting of 1st ratoon sugarcane (var. CP 65-357) were
selected from three farms located in West Baton Rouge Parish, La.
sites were used in two of the fields, 12 in the third.

Nine

Site selection

was based on finding ant mounds of uniform above ground size and
activity, then marking an area of 2h rows on either side of the mound
(10.9 m) by 12.2 m in length.

Thus, each mound lay in the center of a

site and no other mounds were present in the site.

Minimum distance

between adjacent sites was two rows and 15.2 m from the outer
peripheries of the sites.

Treatments imposed on each site consisted of

selective weed removal such that three distinct habitats were created:1)
Grass (dicot plants removed); 2) broadleaves (monocot plants removed);
and 3) weed-free (monocots and dicots removed). A 3-level hierarchical
design was employed with experimental units (mounds) nested within
habitat treatments which were nested within locations (fields).

Diet

sampling was initiated a minimum of seven days following establishment
of the modified habitats in each field.
to mid-August, 1983.

The study lasted from mid-June
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Food items were collected by a team of two samplers each located on
either side of the row on which the mound was located.

To facilitate

monitoring of the foraging trails leading back to the mound a 0.9 m
radius circle (10-12-cm-wide band) was cleared around each mound.

Care

was taken so as to minimize disturbance in the immediate vicinity of the
mound.

Total collection time for any habitat in each field ranged from

8 to 9 h during daylight, at three stratified sampling periods (morning,
noon and evening).
Foragers returning to the mound with food items were collected with
forceps or aspirators and placed in 95% methanol for later
identification.
when possible.

Animal matter was identified to the level of thefamily
The small size of plant fragments prohibited

identification beyond the kingdom level.

To provide an estimate of IFA

foraging activity, the number of trails leading to a mound in each
habitat was recorded.

In addition, the number of workers passing a

fixed reference point in either direction of the foraging trail over a 2
min. period was recorded at the same time of day in each habitat.
Sweep net counts were taken at each site in order to determine the
arthropod faunal composition and relative abundance associated with the
cane and weed foliage.

Calculations based on sweep net samples, which

had been frozen for later identification, were made on species richness,
relative abundance, Shannon-Wiener's index of species diversity (H1) and
the probability of interspecific encounter (Hurlbert 1971) among
foliage-associated arthropods.

Weeds were sampled in 0.5 m

four samples per site, one per quadrant.

2

quadrats at

Species' presence and
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frequency of occurrence were recorded.

Plants were clipped at soil

surface and dry biomass (db) was determined after oven drying at 93.3°C
for 48 h.

Results
Plant species present in grass habitats were in decreasing order of
abundance: broadleaf signalgrass, Brachiaria platyphylla (Grisebach)
Nash; johnsongrass, Sorghum halepense (L.) Persoon; and hairy crabgrass,
Digitaria ciliaris (Retzius) Koeler.

Their collective density and

biomass averaged (X ± S.E.) 11.85 ± 1.60 plt./m^ and 162.22 ± 31.80

2

g/m , respectively.

Broadleaf habitats contained the following species

in decreasing order of abundance: Redroot pigweed, Amaranthus
retroflexus L.; ground cherry, Physalis virginiana Miller, and P^.
angulata L.; three-seeded mercury, Acalypha sp.; and morning-glory,
Ipomoea hederacea

(L.) Jacquin. Plant density and biomass for this

treatment averaged (X ± S.E.) 22.06 ± 2.77 plt./m^ and
2

g/m , respectively.

31.57 ± 5.66

Grass was sparse (4.06 ± 1.08 plt./m

2

at 0.99 ±

2

0.31 g/m ) in the broadleaf habitats, and an even fewer broadleaves
(0.55 ± 0.27 plt./m

2

2

at 0.03 ± 0.01 g/m ) were in the grass habitats.

Purple nutsedge, Cyperus rotundus (L.), occurred in grass (1.65 ± 0.94
plt./m

2

at 0.24 ±

plt./m^ at 0.07 ±

2

0.14 g/m ) and in broadleaf habitats

(0.56 ± 0.40

0.04 g/m^).

Table 1 shows the number and percentage of food items collected in
the grass habitats over a total of 9 h.

Homopterans, especially aphids

and leafhoppers, ranked high in the total percentage.

The majority of

food items in broadleaf weed habitats (Table 2) were represented both by
ground-associated (dipteran larvae, coleopterans and annelids) and

Table 1.

Number and percentage of IFA food items

collected in grass weed/sugarcane habitats. West Baton
a/
Rouge Parish, La., June - August, 1983.—

Number
Collected

Item^

Diptera (larvae)
Aphididae
Cicadellidae (nymphs)
Annelida
Plant Material
Lepidoptera (larvae)
Araneae
Heteroceridae (larvae)
Pseudococcidae
Collembola
Gryllidae (nymphs)
Coleoptera
Hemiptera
Diptera (adults)
Gryllidae (adults)
Eggs (Insecta)
Homoptera
Cicadellidae (aduii
Staphylinidae
Acari
Hymenoptera
Heteroceridae (adults)
Elateridae
Chilopoda
Carabidae (larvae)
Formicidae
Mollusca
Thripidae
Carabidae (adults)
Neuroptera
Acrididae
Coccinellidae
Aquatic Coleoptera (larvae)
Nonidentifiable fragments
Total

302
283
191
151
106
101
98
97
82
51
50
50
43
41
40
25
20
18
16
15
15
11
8
8
7
6
5
5
4
4
3
2
1
270
2129

% of Total

14.19
13.29
8.97
7.09
4.98
4.74
4.60
4.56
3.85
2.40
2.35
2.35
2.02
1.93
1.88
1.17
0.94
0.85
0.75
0.70
0.70
0.52
0.38
0.38
0.33
0.28
0.23
0.23
0.19
0.19
0.14
0.09
0.05
12.68
100.00

s./
—

Total collection time 9 h.

—^

Order names cited refer to families other than

those listed.

Table 2.

Number and percentage of IFA food items

collected in broadleaf weed/sugarcane habitats. West
a/
Baton Rouge Parish, La., June - August, 1983.— _____
Number
Collected
% of Total
Item^

Diptera (larvae)
Aphididae
Plant Material
Coleoptera
Cicadellidae (nymphs)
Annelida
Collembola
Araneae
Eggs (Insecta)
Pseudococcidae
Heteroceridae (larvae)
Gryllidae (nymphs)
Lepidoptera (larvae)
Diptera (adults)
Staphylinidae
Gryllidae (adults)
Acari
Cicadellidae (adults)
Carabidae (adults)
Mollusca
Chilopoda
Neuroptera
Hemiptera
Hymenoptera
Acrididae
Heteroceridae (adults)
Aquatic Coleoptera (larvae)
Elateridae
Carabidae (larvae)
Thripidae
Lepidoptera (adults)
Forficulidae
Lepidoptera (eggs)
Formicidae
Hompotera
Coccinellidae
Nonidentifiable fragments
Total

180
145
100
97
86
83
76
49
43
41
33
29
28
25
21
18
15
13
10
8
7
7
7
7
5
5
5
4
3
3
3
1
1
1
1
1
324
1485

12.12
9.76
6.73
6.53
5.79
5.59
5.12
3.30
2.90
2.76
2.22
1.95
1.89
1.68
1.41
1.21
1.01
0.88
0.67
0.54
0.47
0.47
0.47
0.47
0.34
0.34
0.34
0.27
0.20
0.20
0.20
0.07
0.07
0.07
0.07
0.07
21.82
100.00

a/
—

Total collection time 9 h.

—^

Order names cited refer to families other than

those listed.
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foliage-associated fauna (aphids, and leafhoppers).

Ground-associated

fauna, especially dipteran larvae, annelids and variegated mud loving
beetle (Heteroceridae) larvae, ranked highest in the total percentage of
the diet in the weed-free habitats (Table 3).
Differences (P<0.05) among habitats were observed in average
predation on immature leafhoppers, adult dipterans, phytophagous insects
(collectively) and variegated mud loving beetles (Table 4).

Average

foliage foraging (prey arthropods associated with sugarcane and weed
foliage) was higher (P<0.05) in grass (107.05) than weed-free (46.61)
habitats, and intermediate in broadleaf (64.50) habitats.

Average

ground foraging (ground-associated prey arthropods, annelids and
molluscs) was not different among the habitats.

No differences were

observed in average predation among the three sampling periods (morning,
noon and evening) in each habitat.
Foraging activity of ant colonies in the various treatments was as
follows (X ± S.E.): grass habitats, 4.1 ± 0.6 trails/mound with 89.0 ±
5.7 ants/min./trail; broadleaf habitats, 3.8 ± 0.4 trails/mound with
81.7 ± 5.5 ants/min./trail; and weed-free habitats, 3.3 ± 0.3
trails/mound with 70.3 ± 8.1 ants/min./trail.
Grass habitats (Table 5) had the highest relative abundance of
individuals (828), however, the number of species was equal to that in
broadleaf habitats (29).

Broadleaf habitats were the most diverse (H' =

3.464) in species composition resulting in the highest probability of
interspecific encounter (PIE = 0.8610).
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Table 3.

Number and percentage of IFA food items

collected in weed-free sugarcane habitats. West Baton
q/
Rouge Parish, La., June - August, 1983.—

Number
Collected

Diptera (larvae)
Heteroceridae (larvae)
Annelida
Aphididae
Cicadellidae (nymphs)
Collembola
Coleoptera
Plant Material
Pseudococcidae
Eggs (Insecta)
Araneae
Lepidoptera (larvae)
Gryllidae (adults)
Cicadellidae (adults)
Heteroceridae (adults)
Elateridae
Gryllidae (nymphs)
Formicidae
Staphylinidae
Chilopoda
Acrididae
Forficulidae
Homoptera
Diptera (adults)
Thripidae
Carabidae (larvae)
Carabidae (adults)
Coccinellidae
Hemiptera
Acari
Aquatic Coleoptera (larvae)
Lepidoptera (eggs)
Nonidentifiable fragments
Total

185
176
163
116
54
52
48
40
40
29
28
26
25
25
22
21
13
12
9
9
7
7
6
6
4
3
3
3
3
1
1
1
300
1438

% of Total

12.86
12.24
11.34
8.07
3.76
3.62
3.34
2.78
2.78
2.02
1.95
1.81
1.73
1.73
1.53
1.46
0.90
0.83
0.63
0.63
0.48
0.48
0.42
0.42
0.28
0.21
0.21
0.21
0.21
0.07
0.07
0.07
20.86
100.00

a/
—

Total collection time 9 h.

—^

Order names cited refer to families other than

those listed.

Table 4.

Selected groups of IFA prey in grass, broadleaf and weed-free sugarcane habitats. West Baton
c l/

Rouge Parish, La., June - August, 1983.—

Sugarcane
Habitat

Cicadellidae
(immatures)— ^

19.10 a

Grasses

Diptera
(adults)— ^

Phytophagous
.. b/c/
insects---

4.13 a

79.06 a

Broadleaves

8.57

b

2.50 ab

42.73

b

Weed-free

2.50

b

0.60

32.57

b

b

Heteroceridae^

10.83

b

3.80

b

19.73 a

Figures represent overall means of items collected over a total sampling time of 9 b in each habitat.
Means not followed by the same letter are different according to DMRT (P<0.05) .
Collective analysis of phytophagous species.

O

Table 5.

Species measurements and relationships of foliage associated

fauna based on sweep net counts in selected weedy sugarcane habitats. West
g/

Baton Rouge Parish, La., June - August, 1983.—

Sugarcane
Habitat

Species , .
Richness-

Relative
,
Abundance-

Species ,.
Diversity-

Probability of
Interspecific
Encounter—

Grasses

29

828

2.659

0.7532

Broadleaves

29

490

3.464

0.8610

Weed-free

16

141

2.756

0.7694

g/

—

Twenty-seven sweeps in each of 10 sites/habitat.

— ^ Species richness is the total number of species,
c/
— Relative abundance refers to the total number of individuals.
d/
n
n
— Calculated using Shannon-Wiener’s diversity index: H ,= - E (-) log (-).
—

Calculated by the formula: PIE= E (^) ( ~ r ) , (Hurlbert 1971), based on
N
N-l

initial random encounters.
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Discussion
The percentage of predation on phytophagous insects was higher in
grass (37.15) and broadleaf (28.72) than in weed-free (22.67) habitats.
As has been observed in other sugarcane weed studies (Reagan 1982),
aphids and leafhoppers constituted a major portion of the total
percentage in grass habitats, 13.28% and 9.80%, respectively.

Aphid

predation in broadleaf habitats constituted approximately one-third of
the phytophagous percentage (9.74%).

The percentage of predation on

insects not known to be either beneficial or detrimental to crop
production (dipterans, crickets, collembolans, heterocerids and
hymenopterans) was higher in the weed-free habitats (33.31) than in
grass (28.51) or broadleaf (25.09) habitats.

An interesting phenomenon

was intense predation on variegated mud loving beetles in some weed-free
habitats with standing water among the cane rows.

Both larvae and

adults, the former more frequently than the latter, were carried by
worker ants back to the colony.

Accordingly, variegated mud loving

beetle predation composed a major portion (13.77) of the total
percentage of prey in the weed-free habitats.
Predation of IFA on entomophagous insects (ground-, rove-, click-,
and ladybird beetles, earwigs, neuropterans, other ants, thrips and
larval aquatic coleopterans) and other predaceous arthropods (centipedes
and spiders) did not differ noticeably among the three habitats.
However, we point out that in contrast to the work reported by Reagan
(1982) and White (1980) on late-season sampling in mixed-weed vs.
weed-free, food-limited conditions, this work was undertaken in recently
modified habitats (1-2 weeks), and at an earlier part of the season.
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Foliage foraging in grass habitats was higher (P<0.05) than in
weed-free habitats, and intermediate in broadleaf habitats.

Food items

considered in determination of foliage foraging were: aphids,
leafhoppers, mealybugs, insect eggs, lepidopterans, dipteran adults,
rove beetles, neuropterans, hemipterans, hymenopterans, grasshoppers,
click beetles, ground beetle larvae, thrips, earwigs, ladybird beetles,
other homopterans and half of the collembolans, spiders and
coleopterans.

Differences among habitats with respect to ground

foraging were not detected.

Prey items considered in determination of

ground foraging were: dipteran larvae, annelids, variegated mud loving
beetles, crickets, mites, ground beetle adults, snails, centipedes,
aquatic coleopteran larvae, other ants and half of the collembolans,
spiders and coleopterans.
Grass habitats had a higher relative abundance of individuals and
were less diverse in species composition than broadleaf habitats which
were most diverse and had an intermediate abundance.

Although both were

equal in species richness, the probability of interspecific encounter
was relatively low in grass habitats in comparison to that in broadleaf
habitats (Table 5).

Based on sweep net counts, average number of prey

available per g total db/m
1.00 in grass habitats.

2

was 0.20 in weed-free, 0.65 in broadleaf and

After standardizing for prey associated with
2

the sugarcane (assuming 635 g db/m ), the average number of prey per g
weed db/m

2

per g db/m

was 4.11 in grass, and 9.56 in broadleaf habitats.
2

Thus on a

basis, broadleaf weeds will sustain higher levels of more

diverse prey species leading to higher IFA abundance and greater
predation.
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The proportion of prey captured during foliage foraging (number of
prey captured) to sweep net counts (available prey) was higher in
weed-free than in grass or broadleaf habitats (P<0.05).

Possible

explanations for the lower IFA prey capture efficiency in broadleaf
habitats include observations that the ants were also feeding on pollen
and nectar.

This possible explanation is further justified by the high

level of blooming of some of the broadleaf weeds (ground cherry and
morning-glory) during the period of this study.

The lower efficiency in

grass habitats, however, is probably due to predator satiation (Price
1975) as a funtional response to the relatively high prey abundance.
Other studies have already shown the non-specialized predation
habits of IFA across numerous other habitats including greenhouse
(Morrill 1977) and pasture and pine forest (Wilson and Oliver 1969).
Enhancement of IFA abundance is considered possible through vegetation
management (Reagan 1982).

Phytophagous insects associated primarily

with weeds may serve as alternate sources of diet for relatively
indiscriminate predators such as IFA, in periods of absence of the major
pests.

As pest populations increase, higher and more effective

suppression occurs due to previously enhanced IFA abundance.
This potential is particularly promising in sugarcane, since perennial
crops in contrast to annuals traditionally have been better for building
and maintaining biological control agents (AliNiazee et al. 1979).
Furthermore, the traditional time-lag problems associated with using
biological control agents are negated with an indiscriminate predator as
IFA.
Maintenance of weed population densities at levels not competitive
with the crop is essential.

The choice of which species or group of
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species to allow is also critical, as some have greater potential value
than others.

For example, ground cherry, Physalis sp., and three-seeded

mercury, Acalypha sp., become shaded out by the cane at the time of
canopy closure.

Also, broadleaf signalgrass, IJ. platyphylla, hairy

crabgrass, ID. ciliaris, and bermudagrass, Cynodon dactylon (L.) Persoon,
are shallow rooted and do not seem to compete with the sugarcane plant
as much as johnsongrass, j>. halepense, or redroot pigweed, A.
retroflexus, the latter two being more deeply rooted.
It is through consideration of the total pest complex that we can
begin to understand the intricate relationships and interactions
existing in a particular field crop ecosystem.

Judicious manipulation

of some or all of those interactions will result in better and more
permanent integrated systems for crop protection.
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CHAPTER III

EFFECTS OF SELECTED SOIL TYPES AND
CULTURAL PRACTICES ON ABUNDANCE OF Solenopsis invicta Buren
(HYMENOPTERA: FORMICIDAE) IN A PERENNIAL FIELD CROP SYSTEM

The following chapter is modified from a manuscript submitted to
Agriculture, Ecosystems and Environment.
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Introduction
Louisiana sugarcane is grown in a 4-yr rotation cycle: plant crop,
first and second ratoon crops, and fallow, respectively.

Planting is

usually from mid-August to mid-September, utilizing cane that is
harvested for seed pieces during the same period.

Harvesting of the

crop for commercial sugar normally starts mid- to late October and
continues through the middle of December.

The 3 major sugarcane

producing areas in Louisiana are: the Mississippi River region, Bayou
Lafourche region, and the Bayou Teche region (which includes the western
fringe region).

Even though the 3 basic soil types (sandy, silty and

clayey) can be found along with transition gradients, sugarcane
production is entirely on alluvial soils deposited from the Mississippi
and/or Red Rivers (Lee 1983).
The fire ant, Solenopsis invicta Buren, is a ground associated
insect, the colonies of which inhabit earthen constructed mounds and
sometimes forage through subterranean tunnels (Markin et al. 1975).
JS. invicta has been documented as the major predator of the key insect
pest in Louisiana sugarcane, the sugarcane borer, Diatraea saccharalis
(F.), (Charpentier et al. 1967).

Blust et al. (1982) illustrated the

reduction in S_. invicta mounds in pastures as a result of mound
disruption in the winter or tillage operations.

Morrill and Greene

(1975) observed 100% S^. invicta colony mortality as a result of exposure
to freezing winter temperatures in unprotected habitats.

JS. invicta has

been observed to alter soil chemistry with higher mound soil phosphorous
(P) concentrations found in clayey and loamy pastures than in closely
adjacent areas (Herzog et al. 1976).

These authors also observed
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significantly higher concentrations of protein, carotene, and P in grass
growing on those mounds than on closely adjacent areas.
This study was conducted to help determine the impact of selected
commerical sugarcane cultural practices (planting and harvesting times),
and resultant ground cover in selected soil types, on overwintering
survival and population dynamics of _S. invicta.

Results from this

investigation are expexted to aid producers in planning the
implementation of cultural practices according to the different soil
types in order to maximize predatory ant populations and reduce
sugarcane borer infestations.

Materials and Methods
The study conducted during 1984-85 in South Louisiana sugarcane
utilized a randomized complete block experimental design with a 3x4
factorial arrangement of treatments.

Both plant and ratoon sugarcane

fields were selected in 3 locations (blocks): Edgard in St. John the
Baptist Parish, Paincourtville in Ascension Parish, and New Roads in
Pointe Coupee Parish, Louisiana.

Twelve treatments represented by 3

levels of soil type (sandy, silty and clayey) and 4 levels of cultural
practice: A - early plant, B - late plant, C - early harvest, and D late harvest were included.

Each treatment combination was represented

by 2 fields within each location.

Percent ground cover (crop residue

and weeds) was visually estimated in each field during j3. invicta
sampling periods, by a method modified from Hamill et al. (1977).
Sampling was carried out in August-September 1984, and in AprilMay 1985.

Relative abundance of S^. invicta and other ground-associated

arthropods was determined with pitfall traps (Greenslade 1964).

Two
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traps were placed 6 rows (1.6 m row spacing) apart per field and changed
biweekly.

J3. invicta foraging activity was determined with 8 x 13 cm

index cards saoked in peanut oil (Dutcher and Sheppard, 1981). Ten cards
were placed per field on top of the row, 1 card/row, and the number of
ants counted after 90 min.

S_. invicta mounds were counted in a 0.04 ha

area in each field during September 1985, and quantified by size and
activity according to the method of White (1980).
Augers were used to sample the soil in each field at 2 depths: 025 cm, and 26-50 cm.

Soil samples were placed in plastic bags and

returned to the laboratory for analysis.

The samples were air-dried at

approximately 30°C, crushed and passed through a 2 mm sieve and mixed
according to procedures 1B1 and lBla, SSIR No. 1 (Soil Survey Staff
1984).

The particle size analyses were obtained using a modified method

of Day (1965) and Bouyoucos (1962).

A 25 g portion was used for the

silty and clayey samples, and a 40 g portion was used for the sandy
ones.

Each portion was placed in a 500 ml erlenmyer flask; 25 ml of 10%

sodium hexametaphosphate as a dispersant agent and 250 ml of water were
added.
shaker.

The flasks were stoppered and shaken for 12 h on a reciprocating
The sand was wet sieved using a 0.53 mm sieve, then transferred

to a 250 ml beaker, dried at 105°C and weighed.

The silt and clay were

placed in 1,000 ml sedimentation cylinders, and mixed thoroughly with a
perforated plunger.

The time necessary for a 2 pm particle (clay) to

fall 10 cm at 25°C was calculated (ca. 8 h) and an ASTM No. 152
hydrometer marked in g/1 was gently inserted into the cylinder and the
miniscus was read.

The percent sand, silt and clay was obtained from

the following equations (a blank = 25 ml of the dispersant agent):

53

Sand:

Weight of sand
------------g of soil

X 100 = % Sand

2 pm reading - blank
Clay:

X 100 = % Clay
g of soil

Silt:

100 - % (Sand + Clay) = % Silt

A 20 g sample was placed in a 120 ml cup and 20 ml of water added
to determine the pH reaction in water.

The sample was stirred and

allowed to stand for 30 min, then stirred again and read using a
combination pH electrode (Soil Survey Staff 1984).

The extractable

bases (Ca, Mg, K, and Na) were removed from 2.5 g of soil with 20 ml of
neutral normal ammonium acetate (N
— NH.OAc).
4

Concentrations were

determined using atomic absorption flame spectroscopy, a slight
modification of procedures 5A8, 6N2, 6P2, and 6Q2 (Soil Survey Staff
1984).

The samples were placed in a 250 ml erlenmyer flask and shaken

for 30 min with 20 ml of N_ NH^OAc on a reciprocating shaker.

They were

then filtered and the extractable cations determined on a Perkin-Elmer
5,000 Atomic Absorption Spectrometer.
The modified Bray P^ (0.03 N_ NH^,F in 0.1 N_ HC1) method was used to
determine the phosphorous (P) concentration (Bray and Kurtz 1945).

A

2.5 g sample was extracted using 50 ml of the extracting solution.
These samples were then shook for 15 min, and filtered.

Phosphorous was

determined using a Technicon P analyzer with molybdenum blue as the
complexing solution.

Organic matter percentages (%0M) were determined

using a slightly modified version of the Walkley-Black method as
discussed by Allison (1965).

Percent OM was determined from a standard

adsorption curve, ranging from 0 to 5.3 ZOM, from a Brinkman PC/1,000
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Colorimeter operated at 625 nm with a red sensitive phototube.

Contrary

to Allison's suggestions, external heat and the 1.12 factor were not
used.

Bulk density and available water capacity were determined

according to the method of Ritchie (1985).

Data were subjected to

analysis of variance and mean separation with Duncan's (1955) multiple
range test.

Results
The soil series present in this study, together with their
classifications were Bruin: coarse-silty, mixed, thermic Fluvaquentic
Eutrochrepts; Commerce: fine-silty, mixed, nonacid, thermic Aerie
Fluvaquents; Convent: coarse-loamy, mixed, nonacid, thermic Aerie
Fluvaquents; and Sharkey: very-fine, montmorillonitic, nonacid, thermic
Vertic Haplaquepts.

Convent and the coarse Bruin series were classified

as sandy, Commerce and the fine Bruin series were classified as silty,
while the Sharkey series were considered clayey.

As shown in Table 1,

there was a trend for higher abundance of S^. invicta, spiders and
predators collectively in clayey than in sandy or silty fields during
1984.

Similar results were obtained in 1985 for js. invicta and

predators collectively.

During both 1984 and 1985 tests, J5. invicta and

predators collectively, were comparatively more abundant in fields
harvested early than in late harvest or plant crop fields (Table 2).
Percent ground cover (both weed foliage and crop residue) was higher in
clayey soils and in fields harvested early (Table 3).

Figure 1 shows

that j3. invicta foraging activity during 1984 was relatively lower in
clayey than in silty soils, particularly in the early harvested fields.
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Table 1.

Relative abundance of ground-associated arthropods (mean ±

SE) based on pitfall trap counts in selected sugarcane soil types in
South Louisiana_______________________________________________________
Soil
type

Predators
S. invicta

dif
Prey—

b /
Spiders—

c/
collectively—

•Summer 1984— ^----------------Sandy

41.2 ± 6.0

28.1 ± 3.5

20.0 ± 3.1

80.7 ± 6.9

Silty

38.7 ± 5.3

26.8 ± 2.5

19.9 ± 1.6

75.3 ± 6.2

Clayey

52.3 ± 6.1

51.4 ± 5.0

26.9 ± 1.6

91.5 ± 6.0

■Spring

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

Sandy

11.8 ± 1 . 7

64.8 ± 5.4

19.4 ± 1.3

43.8 ± 2.7

Silty

18.6 ± 3.5

61.0 ± 4.9

16.5 ± 1.5

46.8 ± 4.5

Clayey

21.3 ± 3 . 4

50.0 ± 4.6

15.5 ± 1.4

47.5 ± 3.6

g

/

—

Includes cicadellids, dipterans, gryllids, collembolans, and

phytophagous coleopterans and hemipterans.
— ^ Includes Araneidae, Clubionidae, Gnaphosidae, Linyphiidae,
Lycosidae, Nesticidae, Oxyopidae, Pisauridae, Salticidae, Theridiidae,
and Thomisidae.
c/
— Includes j3. invicta, other formicids, carabids, dermapterans,
predaceous hymenopterans and hemipterans, and spiders.
J /

—

Data represent mean/pitfall trap/2 wk.
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Table 2.

Relative abundance of ground-associated arthropods (mean ±

SE) based on pitfall trap counts under selected sugarcane cultural
practices in South L o u i s i a n a ________________________________________
Cultural

S.

Practice

invicta

Predators
Prey^

Spiders^

c/
collectively—

1984^1
704
Early plant

30.9 + 5.4

28.0 ± 2.5

19.5 ± 1.8

65.9 + 5.7

Late plant

45.7 + 7.1

36.0 ± 5.6

22.1 ± 2.0

85.7 + 7.6

Early harvest

54.1 + 8.3

40.3 ± 5.4

24.4 ± 3.9

94.2 + 8.4

Late harvest

45.5 + 4.9

37.4 ± 6.1

23.0 ± 2.2

84.3 + 6.8

-Spring
Early plant

15.5 + 2.6

59.8 ± 6.9

18.2 ± 1.9

46.5 + 4.1

Late plant

13.1 + 2.8

52.4 ± 4.6

19.9 ± 1.8

47.4 + 4.3

Early harvest

26.1 + 4.8

55.8 ± 5.0

13.9 ± 1.3

51.0 + 5.3

Late harvest

14.1 + 2.7

66.3 ± 6.7

16.6 ± 1.2

39.3 + 2.3

g/

—

Includes cicadellids, dipterans, gryllids, collembolans, and

phytophagous coleopterans and hemipterans.
— ^ Includes Araneidae, Clubionidae, Gnaphosidae, Linyphiidae,
Lycosidae, Nesticidae, Oxyopidae, Pisauridae, Salticidae, Theridiidae,
and Thomisidae.
c/
— Includes j>. invicta, other formicids, carabids, dermapterans,
predaceous hymenopterans and hemipterans, and spiders.
—

Data represent mean/pitfall trap/2 wk.
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Table 3.

Average percent ground cover (crop residue and weeds) in

selected soil types under varying sugarcane cultural practices in South
Louisiana
Summer 1984

Spring

1985

Soil Type Sandy

10.3 a

20.7 b

Silty

12.8 a

23.9 b

Clayey

19.1 a

37.9 a

Early plant

6.5 b

22.8 be

Late plant

7.6 b

14.4 c

Early harvest

20.7 a

42.1 a

Late harvest

21.4 a

30.7 ab

3/
Cultural Practice —

—

Means in the same column followed by the same letter are not

significantly different (P<0.05, DMRT).
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1984
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Figure 1.

Harvest

S. invicta foraging activity (mean no. ants/card) in selected
soil types under varying cultural practices in South Louisiana
sugarcane ecosystems, 1984—85. (Bars represent + S.E. of the mean)
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In 1985, _S. invicta foraging activity was somewhat higher in the early
and late harvested than in the early or late planted fields.
Active S^. invicta mounds (counted in late summer 1985) averaged
(mean ± SE): 94.2 ± 22.2, 48.4 ± 8.9, 21.8 ± 6.5 and 37.9 ± 11.8
mound/ha in the early harvested, late harvested, early planted and late
planted fields, respectively.

The number of inactive S^. invicta mounds

averaged (mean ± SE): 25.3 ± 7.5, 24.9 ± 8.1, 22.5 ± 6.8 and 17.9 ± 5.3
mound/ha in the early harvested, late harvested, early planted and late
planted fields, respectively.

Percent abandoned mounds was highest

(51%) in the early planted, lowest (21%) in the early harvested, and
intermediate in the late planted (32%) and late harvested (34%) fields.
There also was a significant positive correlation (r = 0.58, P<0.01)
between the total number of active £. invicta mounds and percent ground
cover.

Significant 2-way interactions between soil types and cultural

practices were not detected.
Determinations of elemental phosphorous (P), potassium (K), calcium
(Ca), magnesium (Mg), and sodium (Na) content in parts per million,
together with percent organic matter (%0M), available water capacity
(AWC), and bulk density (BD) are shown in Table 4.

During both 1984 and

1985, significantly (P<0.05) higher levels of P, K, Ca, Mg, Na, and %0M
were obtained in clayey than in sandy soils.

Additionally, a higher

moisture content, as indicated by the higher AWC, was observed in clayey
than in sandy soils (Table 4).

Discussion
During late summer 1984, there was a trend for higher populations
of S. invicta and predators collectively in clayey than in sandy or

Table 4.

Elemental phosphorous, potassium, calcium, magnesium, sodium, percent oragnic matter,

available water capacity, and bulk density of selected soil types in South Louisiana sugarcane
fields—
Soil
Type

Phosphorous Potassium
(ppm)

(ppm)

Calcium
(ppm)

Magnesium
(ppm)

Sodium
(ppm)

OM
(%)

Availabe Water
Capacity (mice *)

Bulk Density
(gec 1)

-1984--Sandy

140 b

57 c

1,821 c

321 c

39 b

0.34 c

0.118 b

1.6 a

Silty

182 a

89 b

3,052 b

515 b

57 b

0.64 b

0.126 a

1.5 b

Clayey

201 a

192 a

5,347 a

986 a

90 a

1.01 a

0.127 a

1.4 c

-1985--Sandy

145 c

65 c

2,095 c

387 c

24 a

0.43 c

0.119 b

1.6 a

Silty

168 b

130 b

3,034 b

534 b

30 a

0.65 b

0.127 ab

1.5 b

Clayey

212 a

248 a

4,523 a

895 a

35 a

1.05 a

0.130 a

1.4 c

a/
— Means in the same column followed by the same letter are not significantly different (P<0.05,
DMRT).
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silty fields, due to the higher (P<0.05) prey abundance in those fields
(Table 1).

Higher levels of _S. invicta and other predators also were

observed in the early harvested fields (Table 2).

In the spring of 1985

(Table 1), population levels of S^. invicta and predators were generally
lower than those in late summer 1984.

Winter condition during 1984-1985

were similar to those of 1983-1984 in the abnormally cold (often
freezing) temperatures.

The lower overall S^. invicta populations during

the spring of 1985 was, therefore, attributed to mortality caused by the
harsh winter conditions as observed in a study by Morrill and Greene
(1975).
Clayey fields contained relatively higher jS. invicta populations
than sandy or silty ones.

Fields with heavy clay soil are harvested

earlier since they are generally saturated during late harvest and it is
almost impossible to move machinery through the fields.

The relatively

long time period between early harvesting and the winter season is,
therefore, conducive to winter annual weed growth.

Furthermore,

herbicides applied after harvesting are less efficaceous due to rapid
degradation and greater adsorption in the clayey soils.

Prey which is

associated with the weeds and crop residue, hence, enhance S^. invicta
and other predator populations for better overwintering.
Early harvested fields in 1985 (Table 2) displayed a trend for
higher S^. invicta and predator populations than fields under other
cultural practices.

This was due to the higher (P<0.05) percent ground

cover in those fields which provided shelter sites for the ants and
other predators.

In addition to shelter provision, annual grass and

broadleaf weeds, that are subcompetitive with the crop, have been shown
to enhance S_. invicta populations through the provision of as much as
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4.1 and 9.6 prey/ g dry biomass/ m2, respectively (Ali et al. 1984).
S. invicta and other predators can, therefore, build up in numbers by
feeding on prey associated with the weeds.

This was evident by the

highest average number of j3. invicta mounds (94.2 mounds/ha) in early
harvested fields, and the positive correlation (r = 0.58, P<0.01)
between the number of active

invicta mounds and percent ground cover.

The higher moisture content, as indicated by the greater (P<0.05)
AWC, in clayey soils (Table 4) was believed to be another factor
responsible for higher _S. invicta abundance.

Conversely, sandy soils

generally have a lower moisture content, potentially increasing the risk
of colony desiccation.

Additionally, the lower (P<0.05) bulk density of

clayey soils would better facilitate construction of subterranean
foraging tunnels and allow for deeper colony expansion.

The larger

particle size in sandy soils and less clay for particle bridging reduces
soil strength resulting in fewer foraging tunnels and forcing shallower
colony establishment, and thus fewer ants.

Silty soils, on the other

hand are intermediate in clay content and particle size which resulted
in the intermediate S^. invicta abundance during 1985 (Table 1).
S^. invicta foraging in late summer 1984 was relatively lower in
early harvested clayey fields (Figure 1).

Ali et al. (1984) have

postulated that the lower recruitment rate to a selected target by S_.
invicta, as reflected by a reduced prey capture efficiency, in weedy
habitats, was attributed to additional foraging on pollen and nectar.
Thus the fact that ant foraging on prey associated with the denser
ground cover in those fields is believed to explain their reduced
attraction to the bait cards.
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Even though a trend for a higher spider population was observed in
early harvested fields during 1984 (Table 2), no other relationships
associated with the various cultural practices or soil types were
detected.

This is consistent with results by Ali and Reagan (1985), who

concluded that vegetation manipulation in sugarcane had little effect on
spider abundance and faunal diversity.
Interpretations of results from this study indicate that
comparativley higher _S. invicta populations can be found in clayey than
in sandy or silty soils.

Additionally, early harvest of sugarcane

fields has the potential for increasing _S. invicta numbers to better
survive the winter season.

It is anticipated that future studies will

attempt to further quantify the relationships between JS. invicta
population fluctuations and soil moisture and minerals in order to
better manage the resistant variety placement, fertilization, weed
control and irrigation practices to maximize the numbers of this
important predator.
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CHAPTER IV

EFFECTS OF FLORAL MANIPULATION ON ARANEID
FAUNAL COMPOSITION AND ABUNDANCE IN LOUISIANA SUGARCANE

The following chapter is modified from manuscript E85-048,
submitted to Environmental Entomology, and from a manuscript accepted by
Proceedings of the Louisiana Academy of Sciences, Vol. 48, that is
currently in press.
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Introduction
The first inventory of spiders in Louisiana was conducted by Hubert
(1923), who collected and identified 187 species throughout the state.
Negm et al. (1969) presented a list of spiders captured over a 9-year
period in Louisiana sugarcane fields.

Ali and Reagan (1985a) confirmed

their findings regarding the occurrence of 67 species in Louisiana
sugarcane, and corrected synonymies in their paper.

Although ants have

been considered the key group among the predatory arthropod complex
controlling the sugarcane borer (SCB), Diatraea saccharalis (F.), in
Louisiana (Charpentier et al. 1967); collectively, spiders are probably
the second most important group of predators in this ecosystem (Negm and
Hensley (1969).
Certain weed species have the potential for causing pest population
buildup (Altieri and Whitcomb 1979a).

On the other hand, some annual

weeds can play an important role, ecologically, by harboring and
supporting the complex of beneficial arthropods that aid in suppressing
pest populations (Altieri and Whitcomb 1979b, 1980).

Allowing for a

noncompetitive stand of vegetation in the sugarcane field, provides
alternate sources of diet for beneficial arthropods (Ali et al. 1984).
In addition to being ecologically sound, studies by Ali and Reagan
(1985b) have shown this approach to be economically profitable,
averaging 19% higher returns in dollars per hectare from broadleaf as
compared to weed-free sugarcane habitats.

The longer the ecosystem

remains undisturbed, the more internal links develop to promote greater
stability (Southwood 1978).

Additionally, the increase in food web

complexity and internal routes along which energy can be transferred
can lead to a higher system stability (MacArthur 1955, Paine 1969).
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This is particularly important with a semiperennial crop as Louisiana
sugarcane grown in a 4-yr rotation cycle: plant, first and second
ratoons, and fallow, respectively.

White (1980) showed increased

predation on SCB due to successively greater abundance of predators in
the first and second ratoons as compared to the plant cane crop.
Our study was conducted to better understand the effects of certain
weed control practices on diversity and abundance of spiders in
Louisiana sugarcane ecosystems.

Materials and Methods
The experiments were conducted in 1982 and 1983 on plant and first
ratoon sugarcane (cultivar CP 65-357) in West Baton Rouge Parish, and in
1984 on first ratoon CP 65-357 in St. Martin Parish, Louisiana.

The

experimental design was a randomized complete block with four
treatments: 1) grasses (monocots), 2) broadleaves (dicots), 3) mixed
weed, and 4) weed-free, replicated 6 times (plot size 0.3 ha).

Grass

habitats received an early spring preemergence application of atrazine
[2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine] at 3.36 kg
ai/ha, followed by postemergence applications of dicamba [3,6-dichloroo-anisic acid] at 2.24 kg ai/ha for broadleaf weed control as needed to
maintain the integrity of the treatment (maximum of 3 applications).
Broadleaf habitats received an early spring preemergence application of
alachlor [2-chloro-2',6 ’-diethyl-N-(methoxymethyl)acetanilide] at 3.36
kg ai/ha, followed by postemergence applications of asulam [methyl
sulfanilylcarbamate] at 3.74 kg ai/ha for grass weed control as needed.
Weed-free habitats received an early spring preemergence application of
terbacil [3-tert-butyl-5-chloro-6-methyluracil] at 1.12 kg ai/ha,
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followed by postemergence applications of ametryn [2-ethylamino-4(isopropylamino)-6-(methylthio)-s-triazine] at 2.24 kg ai/ha for
non-selective weed control as needed.

Herbicides were not used in the

mixed weed habitats, allowing for a natural weed infestation.

Three

cultivations (including lay-by) as normally practised by growers were
made on each experiment during the spring.
Vegetation density and above ground dry biomass were estimated with
0.5 m 2 quadrats.

Ten sites were randomly selected per plot; in each,

individual plants of different species were counted, clipped at soil
surface, and bagged separately.
samples at 93° C for 48-72 h.

Weights were recorded after oven drying
Similarly, visual estimation of percent

foliar cover was determined in 10 sites per plot.

Percent foliar cover

for each species visible within 360° at each site was recorded, as per
procedures of (Hamill et al. 1977).

It is noted that such values may

exceed 100%, representing the cumulative value from among all vegetation
strata.
Ground associated spiders were sampled throughout the growing
season (June - October) in 1982, 1983 and 1984 with pitfall traps
(Greenslade 1964), 2 per plot, changed bi-weekly.

Foliage associated

fauna was sampled during the third week of August with D-Vac suction
machines (Dietrick et al. 1959) in 1982 and 1983, two 7.3 m of row
samples per plot.

Sweep nets (Rudd and Jensen 1977) also were used for

foliage sampling during August in 1984, fifty sweeps per plot.

Samples

were placed in plastic bags, cooled in ice coolers, and returned to the
laboratory for identification and quantification.

Species diversity (a

measurement of the number of species and their individuals in a habitat)
was calculated using the Shannon-Wiener index: H'=

- £0j|)

C^) >
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where n = number of individuals in a family, and N = total number of
individuals of all families.

Data were subjected to analysis of

variance and mean separation via Duncan's (1955) multiple range test.

Results
Major grass weed species present were broadleaf signalgrass,
Brachiaria platyphylla (Grisebach) Nash, hairy crabgrass, Digitaria
ciliaris (Retzius) Koeler, and bermudagrass, Cynodon dactylon (L.)
Persoon.

Major broadleaf weed species were ground cherry, Physalis

angulata L., three-seeded mercury, Acalypha sp., and redroot pigweed,
Amaranthus retroflexus L.

In 1982, average percent foliar cover (X ±

S.E.) in the mixed, weed-free, grass, and broadleaf habitats was: 67.4 ±
13.6, 0, 64.9 ± 10.4 and 13.3 ± 3.7, respectively; average density
(plt./m2): 38.2 ± 3.5, 0, 41.9 ± 3.4 and 20.5 ± 2.0; and average above
ground dry biomass (g/m2): 38.8 ± 5.0, 0, 25.0 ± 3.0 and 5.4 ± 0.8.
Similarly, in 1983, percent foliar cover in the mixed, weed-free, grass,
and broadleaf habitats averaged: 60.9 ± 2.8, 0, 66.8 ± 2.8 and 36.9 ±
3.3, respectively; average density: 14.5 ± 0.7, 0, 8.1 ± 0.5 and 15.3 ±
1.5; and average above ground dry biomass: 93.0 ± 14.6, 0, 64.1 ± 8.6
and 51.2 ± 10.1.

In 1984, percent foliar cover in the mixed, weed-free,

grass, and broadleaf habitats averaged: 113.8 ± 2.4, 0, 71.5 ± 3.4 and
83.8 ± 3.3, respectively; and above ground dry biomass: 109.6 ± 7.9, 0,
58.2 ± 5.4 and 76.9 ± 11.7.

Weed density was not determined in 1984.

There was a trend for a greater diversity of ground associated
spider fauna in weedy than weed-free habitats during 1982 and 1983, but
not in 1984 (Table 1).

Average catches / pitfall trap / 2 weeks are

shown in Table 2 for the early (mid June to mid July), middle (late July
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Table 1. Species diversity of ground and foliage associated
spider fauna in selected weedy sugarcane habitats in southeast
Louisiana.— ^
.
C/
Foliar r
Fauna-

Ground Fauna— ^
Habitat

1982

1983

1984

1983

1984

Mixed

3.11

2.89

3.00

0.86

0.49

Weed-free

2.98

2.77

3.13

0.66

0.30

Grasses

3.01

2.86

3.04

0.84

0.41

Broadleaves

3.16

2.81

3.03

0.58

0.58

3/

—

n

Calculated using Shannon-Wiener diversity index H ’ = - Z(— )

log 0j|), larger values represent greater diversity. (P>0.05,
DMRT).
— ^ Based on pitfall trap catches June to October.

Families

present were: Agelenidae, Araneidae, Clubionidae, Gnaphosidae,
Hahniidae, Linyphiidae, Lycosidae, Mimetidae, Nesticidae,
Oxyopidae, Pisauridae, Salticidae, Tetragnathidae, Theridiidae
and Thomisidae.
c/
— Based on D-Vac samples during the third week of August in
1983, and sweep net samples in 1984.

Families present were:

Araneidae, Clubionidae, Dictynidae, Linyphiidae, Lycosidae,
Oxyopidae, Pisauridae, Salticidae, Tetragnathidae, Theridiidae
and Thomisidae.

Table 2. Pitfall trap collections of representative spider families in weedy sugarcane
a/
habitats, West Baton Rouge and St. Martin Parishes, LA., June - October. — _____________
Period — ^

Clubionidae

Linyphiidae

Lycosidae

Nesticidae

Theridiidae

Total

sJ

1982
Early

0.54 a

3.13 a

7.69 a

0.29 b

0.04 c

12.04 a

Middle

0.28 b

2.85 a

3.51 b

0.46 b

0.54 b

8.35 b

Late

0.14 b

1.82 b

1.54 c

1.03 a

0.92 a

6.15 c

1983
Early

1.83 a

3.75 a

7.00 a

0.04 a

0.13 b

13.21 a

Middle

1.61 a

1.87 b

4.56 b

0.10 a

0.36 a

8.73 b

Late

0.67 b

1.21 c

4.94 b

0.06 a

0.51 a

7.54 b

1984
Middle

0.31 a

1.71 a

3.81 a

0.40 a

0.31 a

6.58 a

Late

0.29 a

1.34 a

4.06 a

0.35 a

0.44 a

6.53 a

—

Figures represent mean catch/pitfall trap/2 weeks. Means within columns not followed

by the same letter are significantly different (P<0.05) according to Duncan's multiple
range test.

Table 2. (Cont'd):
— ^ Early = mid June to mid July; Middle = late July to late August; Late = September and
October.
—

Including Agelenidae, Araneidae, Clubionidae, Gnaphosidae, Hahniidae, Linyphiidae,

Lycosidae, Mimetidae, Nesticidae, Oxyopidae, Pisauridae, Salticidae, Tetragnathidae,
Theridiidae and Thomisidae.
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to late August) and late (September and October) periods of the growing
season during each of the 3 study years.

Total numbers and percentages

by family of spiders captured in pitfall traps are given in Table 3.
The Lycosidae and Linyphiidae showed the highest abundance in all
habitats.

Foliage associated spiders were relatively more diverse in

weedy than weed-free habitats in 1984 (Table 1).

Differences were not

detected among D-Vac samples (X /7.3 m of row) of foliage associated
spiders which averaged (mean ± SE): 2.08 ± 0.38, 1.92 ± 0.40, 2.25 ±
0.58 and 1.92 ± 0.71 in 1983 in the mixed, weed-free, grass, and
broadleaf habitats, respectively.

Species diversity was not calculated

for foliage associated spiders in 1982.

Sweep net samples (X / 50

sweeps) in 1984 averaged (mean ± SE): 1.58 ± 0.42, 0.75 ± 0.30, 0.91 ±
0.26 and 1.17 ± 0.32 in the mixed, weed-free, grass, and broadleaf
habitats, respectively.

Total numbers and percentages by family of

foliage associated spiders are depicted in Table 4 for 1983 and 1984.
Araneidae and Theridiidae were the two most frequently encountered
families on both sugarcane and weed foliage.

Table 5 gives the average

abundance of ground and foliage associated prey (gryllids, dipterans,
lepidopterans, homopterans, hemipterans, collembolans, and some
coleopterans) for the entire study.

In 1982, abundance of ground

associated prey was higher in weedy than in weed-free habitats.

Mixed

weed habitats contained a greater abundance of ground associated prey in
1983, and foliage associated prey during both 1983 and 1984.

Lists of

all spider species reported from Louisiana sugarcane are given in
Appendix B.
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Table 3. Total frequencies and percentages by family of spiders
captured with pitfall traps in selected weedy sugarcane habitats, West
Baton Rouge and St. Martin Parishes, LA., June - October, 1982 - 84.
Habitat
Mixed
Family

No.

Weed--Free
No.

%

%

Grasses
No.

Broadleaves

%

No.

%

9

0 . 68

5

0.39

13

1.02

4

0.28

Clubionidae^

102

7. 75

73

5.76

101

7.90

114

8.09

3./
Gnaphosidae—

28

2 .13

22

1.73

24

1.88

39

2.77

Linyphiidae

329

25. 00

318

25.08

306

23.94

365

25.90

Lycosidae^

726

55. 17

682

53.79

703

55.01

752

53.37

Nesticidae

49

3. 72

85

6.70

54

4.22

54

3.83

Salticidae

3

0 . 22

5

0.39

2

0.16

2

0.15

68

5. 17

73

5.76

69

5.40

74

5.25

2

0 . 16

5

0.40

6

0.56

5

0.36

Araneidae

Theridiidae
c/
Other-1
Total

1,316

100

1,268

100

1,278

100

1,409

100

—c l / A recognizable trend for lower abundance in weed-free habitats
(P<0.10), differences are within a family among habitats.
— ^ Weed-free vs_. weedy habitats (P<0.05), difference is within the
family among habitats.
Q j

—

Includes Agelenidae, Hahniidae, Mimetidae, Oxyopidae, Pisauridae,

Tetragnathidae, and Thomisidae.
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Table 4. Total frequencies and percentages by family of foliage
associated spiders captured with D-Vac machines and sweep nets in
selected weedy sugarcane habitats.

West Baton Rouge and St. Martin

Parishes, LA., August, 1983 - 84._________________________________
Habitat
Mixed

Weed-Free

Grasses

Broadleaves

Family

No.

%

No.

%

No.

%

No.

%

Araneidae

15

34.09

13

40.63

14

37.84

12

29.27

Linyphiidae

0

0

1

3.12

1

2.70

2

4.87

Oxyopidae

4

9.09

0

0

2

5.41

1

2.44

Salticidae

6

13.65

2

6.25

3

8.11

3

7.32

Theridiidae

11

25.00

11

34.38

10

27.03

15

36.59

5

11.36

0

0

4

10.81

4

9.76

_3

6.81

_5

15.62

_3

8.10

_4

9.75

44

100

32

100

37

100

41

100

Thomisidae
Other^
Total

3/

—

Includes Clubionidae, Dictynidae, Lycosidae, Pisauridae, and

Tetragnathidae.
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Table 5. Ground and foliage associated prey captured with pitfall
traps, D-Vac machines and sweep nets in selected weedy sugarcane
q

/

habitats. West Baton Rouge and St. Martin Parishes, LA. 1982-1984.—
*
b!
Foliar fauna-

Ground fauna^
Habitat

1982

1983

1984

1983

1984

Mixed

24.5 a

182.1 a

65.5 b

34.5 a

60.3 a

Weed-free

18.3 b

126.3 a

54.3 b

12.6 b

14.0 c

Grasses

27.0 a

156.5 a

70.3 b

31.2 a

29.8 b

Broadleaves

26.9 a

110.5 a

93.6 a

14.8 b

24.3 b

cl /

—

Figures represent mean /pitfall trap /2 weeks for the ground fauna,

mean/7.3 m of row for D-Vac in 1983, and mean/50 sweeps in 1984 for
the foliar fauna, respectively.

Groups classified as prey include:

dipterans, gryllids, lepidopterans, homopterans, hemipterans,
collembolans, and some coleopterans.
— ^ Means within columns not followed by the same letter are
significantly (P<0.05) different according to Duncan's multiple
range test.
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Discussion
In Louisiana, sugarcane is grown in a 4 year rotation cycle:
plant, first and second ratoons, and fallow.

A noncompetitive stand of

annual weeds has the potential of harboring insects and other arthropods
which become alternate diet sources for some predators in the absence of
the major insect pests (Ali et al. 1984).

The abundant supply of prey

can result in a higher abundance and diversity of certain predators,
particularly generalist feeders such as spiders.

This system is of

particular value to sustain and enhance the predator populations early
in the season.

Later in the season, the sugarcane canopy closes,

reducing the penetration of sunlight to the soil surface, thus causing
dieback of certain weed groups as Physalis sp. and Acalypha sp., and
reducing the severity of direct competition with the crop (Ali and
Reagan 1985b).

During both 1982 and 1983, weedy habitats in our study

displayed a trend for a higher diversity of ground associated spider
fauna than weed-free habitats (Tabj.e 1).

During 1984, diversity seemed

higher in the weed-free than weedy habitats due to unknown reasons.
Possible explanations, however, may be that since that portion of the
study (in St. Martin Parish) was initiated during the first ratoon stage
of the crop cycle, the creation of specific weed habitats may have
disrupted foliar, and consequently faunal diversity and abundance
(Altieri and Whitcomb 1979a), resulting in lower stability in the middle
of the crop cycle.
Sac spiders (Clubionidae), sheet-weaving spiders (Linyphiidae) and
wolf spiders (Lycosidae) were more abundant early in the season,
significantly (P<0.05) declining as the season progressed (Table 2).
This could be related to the dieback of certain annual broadleaf weeds,
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particularly Physalis sp. and Acalypha sp.

Other explanations include

the fact that earlier in the season spiders colonize sugarcane fields in
large numbers through ballooning and other dispersal modes.

As feeding

and establishing territories begin, inter- and intraspecific competition
act to reduce their numbers (Krebs 1978) with the normal phenological
progression of the sugarcane.

Presently, data which would supplement

(or refute) our observations on these points are unavailable.
Comb-footed spiders (Theridiidae) and the members of the family
Nesticidae showed an opposite trend whereby their populations
significantly (P<0.05) increased as the season progressed, during 1982
for both and during 1983 for Theridiidae (Table 2).

This seemed due to

the fact that web associated theridiids and nesticids require a
protected place for web construction.

Observations by the authors

indicate that the black widow spider, Latrodectus mactans (F.), in
particular, tends to construct its cobweb at the bottom of the cane
stools.

As the stalk population increases and the crop matures, the

vegetation becomes denser, thus more shelter sites are available for web
construction.

Differences were not detected in the 1984 study possibly

due to lower overall populations with fewer collections in samples and a
resultant loss in power of the statistical analyses.
Wolf spiders and sheet-weaving spiders comprised the majority of
ground associated spider fauna, based on total pitfall trap catches,
accounting for as much as 55% and 26%, respectively (Table 3).

Typical

orb-weavers (Araneidae) and comb-footed spiders accounted for the
majority of the foliage associated fauna amounting to 41% and 37%,
respectively (Table 4).

We feel the significance of this is two fold.

First, the large aerial webs of Neoscona arabesca (Walckenaer)
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constructed at night (Whitcomb et al. 1963) in the upper cane canopy
between the rows trap adult I), saccharalis during nocturnal flights.
Secondly, the most common theridiids observed by the authors on the
sugarcane plants were Thymoites expulsa (Gertsch & Mulaik) and Coleosoma
acutiventer (Keyserling) which forage in the canopy and may contribute
substantially to I), saccharalis egg mortality (Negm and Hensley 1967,
1969).
An interesting, though not surprising, phenomenon was the absence
of crab spiders (Thomisidae) and lynx spiders (Oxyopidae) from weed-free
habitats (Table 4).

Members of the former family typically hunt by

stealth in the inflorescences of plants (Foelix 1982) and therefore were
absent due to removal of that niche component.
Diversity of foliage associated spider fauna, including both foliar
hunters and web-builders (Araneidae, Clubionidae, Linyphiidae,
Oxyopidae, Salticidae, Tetragnathidae, Theridiidae and Thomisidae), was
63% higher in weedy than weed-free habitats during 1984 (Table 1).

This

was likely due to the increased structural complexity and vegetational
stratification created by the weed flora which could have provided more
sites for aerial web construction.

Their abundance also was slightly

higher in weedy habitats (as indicated by D-Vac and sweep net catches in
Table 4), possibly as a result of higher (P<0.05) prey abundance in
those habitats (Table 5).

In 1983, however, diversity of foliar spider

fauna in grass and mixed habitats was 27% higher than in weed-free and
broadleaf habitats (Table 1), possibly due to the corresponding 16%
decrease in abundance of foliage associated prey in the former two
(Table 5).
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Our study has indicated that abundance of spiders collectively in
sugarcane decreases with season progression.

Additionally, weed control

practices seem to have had little impact on spider faunal diversity and
abundance.

However, previous studies (Ali and Reagan 1985b) have shown

that careful manipulation of the vegetation, by way of maintaining a
noncompetitive stand of weeds, results in a more stable and economically
sound management strategy, through reduction of herbicide and cultiva
tion costs to Louisiana sugarcane growers.

The araneid fauna should

contribute substantially to this predatory role.
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CHAPTER V

EFFECTS OF JOHNSONGRASS (Sorghum halepense) DENSITY
ON SUGARCANE (Saccharum officinarum) YIELD

The following chapter is modified from a manuscript submitted to
the Journal of the American Society of Sugar Cane Technologists.
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Introduction
Johnsongrass is a major weed problem in Louisiana sugarcane fields
(Elmore 1983).

Since it is closely related to sugarcane, control with

postemergence grass herbicides is difficult.

The perennial nature of

johnsongrass reproduction further complicates the problem, for weed
control practices do not effectively destroy rhizome tissue.
results in regrowth in later stubble crops.

This

In addition, the vegetative

productivity of established johnsongrass is high; a single plant can
produce up to 100 m of rhizome in 4 weeks (Colbert 1979).

Horrowitz

(1973) reported a mean annual seed production of 28,000 seeds/plant, and
a mature plant is capable of producing as much as 1 m of rhizome per day
in August.
Arevalo et al. (1977) showed sugarcane yield reductions ranging
from 71 to 84% as a result of season-long johnsongrass competition.
According to Millhollon (1970), heavy johnsongrass infestations in
ratoon sugarcane have the potential of incurring from 25 to 50% crop
yield reductions, and may lead to abandoning the field from continuous
production after the first ratoon year.

An additional report by

McWhorter (1972) indicates a potential 47% sugarcane yield loss when
johnsongrass populations are left unmanaged.

Materials and Methods
The present study was conducted to determine the effect of
johnsongrass infestation levels on sugarcane yield.

The study was

conducted on first ratoon sugarcane heavily infested with johnsongrass
near Lakeland in 1983, and Napoleonville, Louisiana in 1984.

The soil

was Commerce fine silty, mixed, nonacid, thermic Aerie Fluvaquents.

In
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1983, a randomized complete block design with six replications was used;
four levels of johnsongrass infestation were the treatments.

Levels of

natural johnsongrass infestation were visually determined and were
designated as 0 (johnsongrass-free), 1 (15-35% johnsongrass
infestation), 2 (40-60% johnsongrass infestation), or 3 (80-100%
johnsongrass infestation).
sampled in three plots.

Each treatment within a replication was

Plot size was 4.7 m of sugarcane row by 1.8 m

(row spacing), with at least two border rows infested at the same level
as the row where data were collected.

Broadleaf weeds were controlled

by an early spring application of 3.36 kg ai/ha atrazine [2-chloro-4(ethylamino)-6-(isopropylamino)-s-triazine], and the field was
cultivated twice (in March and April).

The experiment was repeated in

1984 using a completely randomized design (CRD).

Prior to the

delineation of plots for data collection, the CRD was chosen to conform
with a reduced availability of experimental units and the lack of
factors which necessitate blocking.

There were 15 replicates each of

the 0 and 1 johnsongrass infestation levels, while only 14 of the 2 and
3 johnsongrass infestation levels, due to lack of sufficient sites
having those infestation levels.
Johnsongrass population density was estimated by counting the
number of plants (group of stems growing from the same clump) per plot
and measuring the diameter of each plant at 30 cm above the soil
surface.

Plants were then grouped according to diameter: group 1 - 8

cm to 15 cm, group II - 16 cm to 23 cm, group III - 24 cm to 31 cm and
group IV - > 31 cm (Shimwell 1971).

Single-stem plants and those less

than 30 cm in height were sparse and, therefore, ignored at the time of
vegetation evaluation.

Their small size and recent growth was assumed
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not to have affected sugarcane yield.

Johnsongrass equivalents were

defined as the sum of the number of plants multiplied by their
corresponding diameter for each plot.

Johnsongrass standing crop was

determined at sugarcane harvest by clipping the plants at soil surface
in one replication during 1983 and in all replications of the 1984
study.

Samples were weighed after oven drying at 93 C for 48-72 h.

Sugarcane yield was determined by counting all millable stalks,
then cutting all stalks at the soil surface.

Stalks were then weighed

in the field; sugar content was determined according to the method of
Meade (1964).

Diameters of 10 stripped stalk samples, in each plot of

two of the replications in 1983 and all replications in 1984, were
measured at the third basal internode with a micrometer caliper.
Data were evaluated by analysis of variance and mean separation via
Duncan's multiple range test.

Linear regression analysis was used to

determine the association of cane yield with johnsongrass equivalents.

Results and Discussion
Mean standing crop of johnsongrass shoots and johnsongrass
equivalents for the 0, 1, 2, and 3 johnsongrass infestation levels, are
shown in Table 1 for 1983 and 1984.

Standing crop in 1983 was assumed

constant within a given infestation level, over the replications.
Johnsongrass equivalents correlated well with standing crop, r = 0.925
(P<0.01) in 1983, and r = 0.911 (P<0.01) in 1984.
In 1983, mean stalk weight of sugarcane was reduced by johnsongrass
infestation levels 2 and 3 (Table 2).
of sugarcane was observed in 1984.

No decrease in mean stalk weight

The effect of johnsongrass on

sugarcane stalk diameter was similar to effects on mean stalk weight in
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Table 1.

Johnsongrass standing crop and equivalent values for four

visually designated johnsongrass infestation levels in South Louisiana
in 1983 and 1984.-/
Infestation

Mean Standing Crop

level— ^

1983

1984

c/
Johnsongrass Equivalents—
1983

1984

----------- (kg)------------

A

0

0

0

0

1

0.97 ± 0.12

0.44 ± 0.06

71 ± 7

71 ± 8

2

1.47 ± 0.21

1.15 ± 0.05

145 ± 7

142 ± 13

3

2.94 ± 0.35

2.15 ± 0.18

200 ± 7

201 ± 17

/

—
h /

—

0

.

Data represent X ± S.E.
Visual designations of the percentage of row length infested with

johnsongrass and defined as 0 - 0%, 1 - 15-35%, 2 - 40-60%, and 3 80-100%.
c/
— Johnsongrass equivalents represent the sum of the number of plants
multiplied by their corresponding diameter for each plot.
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Table 2. Effect of selected johnsongrass infestation levels on cane
stalk weight and diameter, and number of sugarcane stalks, in South
a/
Louisiana in 1983 and 1984.—
Johnsongrass

Mean

Mean

Mean

Infestation

Stalk

Stalk

Number

Weight

Diameter

Level— ^
1983

1984

----- (kg)------

—

1983

---- (cm)----

1983

1984

-- (no./plot)---

0

1. 1 a

0.8a

2.35 a

2.35 a

71 a

58 a

1

1. 1 a

0.7a

2.33 a

2.30 a

65 b

48 b

2

1. 0 b

0.8a

2.21 b

2.36 a

58 c

45 b

3

1.0 b

0.8 a

2.20 b

2.34 a

52 d

35 c

Means in the same column followed by the same letter are not

significantly different (P<0.05, DMRT).
-

1984

of Stalks

See Table 1.
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that only in 1983 were diameters reduced by johnsongrass infestation
levels 2 and 3.

Johnsongrass infestations affected cane density more

than any other yield component.

Both in 1983 and 1984, reductions in

sugarcane stalks per plot were associated with increasing johnsongrass
infestation levels (Table 2).

In 1983, as the infestation level

increased, plant population decreased.

In 1984, infestation levels 1

and 2 resulted in comparable stalk density reductions, with infestation
level 3 further decreasing cane densities.
Though differences were not detectable, sucrose content (% by wt.
of juice) ranged from 13.0 in the johnsongrass-free plots to 13.4 in the
plots having the highest johnsongrass infestation in 1983 (Table 3).
Sucrose content was higher during 1984 in the heavier johnsongrass
infestations.

The higher sucrose content in johnsongrass infestation

level 3 could be the result of stress imposed on the cane.

Competition

from weeds has been previously documented to cause increased sucrose
content in sugarcane.

Millhollon (1976) observed that untreated

sugarcane stands infested with johnsongrass, had higher sucrose
concentrations than stands without johnsongrass infestations.

Control

of johnsongrass is necessary, however, to reduce its population over the
stubbling of the crop.

This will result in increased crop stalk

population leading to a higher tonnage per hectare, as compared to
reduced crop density in the presence of johnsongrass.

Control of annual

broadleaf weeds that are subcompetitive with the crop, however, is not
needed. Ali et al. (1984) have shown that such weeds provide alternate
sources of diet for important beneficial arthropods, then die back at
canopy closure, thus minimizing competition losses to the crop.
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Table 3.

Effects of selected johnsongrass infestation levels on cane

and sugar yields and sucrose content of sugarcane in South Louisiana in
1983 and 1984.^
Juice
Johnsongrass

Sucrose

Cane

Commercial

Infestation

Content

Yield

Sugar Yield

Level— ^

1983

1984

1983

______fV)____

1984

1984

1983

--- ^Kg/ naj----—---

0

13.0 a

13.9 b

62,766 a

50,340 a

3,977 a

3,718 a

1

13.2 a

14.2 ab

54,240 ab

38,821 be

3,535 ab

2,954 b

2

13.0 a

14.3 ab

46,984 b

40,454 b

3,035 ab

3,155 ab

3

13.4 a

14.9 a

40,816 b

31,746 c

2,703 b

2,645 b

a/
— Means in the same column followed by the same letter are not
significantly different (P<0.05, DMRT).
— ^ See Table 1.
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Cane yields were reduced by johnsongrass interference both years
(Table 3).

In 1983, cane yields were reduced by infestation levels 2

and 3, while commercial sugar yield was only reduced by infestation
level 3.

Cane yields were reduced by all johnsongrass infestations in

1984, with level 3 resulting in the greatest magnitude of reduction.
Commercial sugar yields followed a similar pattern with the exception
that infestation level 2 did not reduce yields.

The reason for a

reduced effect of infestation level 2 on yield of sugarcane cannot be
deciphered from the data in that the same pattern was not detected in
any other yield component.

Linear regression analysis of johnsongrass
A

equivalents on cane yield in 1983, revealed the predictive equation: Y =
68,994 - 51 X (r = - 0.826, P<0.01), where Y is the predicted cane yield
(kg/ha) and X is johnsongrass equivalents (Figure 1).

In 1984, this

A

relationship was Y = 47,299 - 30 X (r = - 0.481, P<0.01).
In 1983 and 1984, johnsongrass equivalents were negatively
correlated with stalk population, but not with mean stalk weight of
sugarcane in 1984 (Table 4).
johnsongrass standing crop.

Similar patterns were observed for
In 1983, both johnsongrass standing crop

and johnsongrass equivalents correlated negatively with cane yield much
better than any other factor combinations; while in 1984, the same was
true for stalk population.
Significant relationships were not observed between damage by the
key insect pest, the sugarcane borer, [Diatraea saccharalis (F.)], and
johnsongrass infestations.

Percent internodes bored by the sugarcane

borer averaged: 17, 14, 15, and 12 in 1983; and 2, 3, 1, and 2 in 1984,
for the 0, 1, 2, and 3 johnsongrass infestation levels, respectively.

72
60

36
D

Y = 68,994 - 51 X

Ui

Z

<

12

r = - 0.83

O

0

JOHNSONGRASS
Figure 1.

EQUIVALENTS

Linear regression depiction of the response of sugarcane yield to johnsongrass
equivalents (no. of plants multiplied by their corresponding diameter) in 1983
in South Louisiana.
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Table 4.

Relationships among johnsongrass equivalents and standing

crop, sugarcane mean stalk weight and diameter, stalk population,
sugar and cane yields and sucrose content in 1983 and 1984 in South
Louisiana.
3./
Correlation Coefficient (r)—
Comparison

1984

1983

Johnsongrass equivalents vs.:
Mean stalk wt.— ^

- 0.319*

0.040 NS

Stalk Population^

- 0.580*

—
c/
X Stalk diameter—

- 0.669*
k
- 0.759

Cane yield^

- 0.826*

- 0.481

Commercial sugar yield^

- 0.777

0.042 NS
&

k

d/
Sucrose content—

- 0.342*

0.071 NS

0.421*

Johnsongrass standing crop vs.:—
Mean stalk wt.

- 0.450 NS

Stalk Population

- 0.772

X Stalk diameter

- 0.655

Cane yield

- 0.818*

Commercial sugar yield

- 0.731

i
k

0.098 NS
A
- 0.617

Jc

0.063 NS
- 0.492*

A
- 0.349*
k

Sucrose content

0.207 NS

0.447

a/

—

* = (P<0.01, DMRT); NS = not significant.

—

Based on 72 observations in 1983 and 58 observations in 1984.

c/
— Based on 24 observations in 1983 and 58 observations in 1984.
—

Based on 12 observations in 1983 and 58 observations in 1984.
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As the freeze which occurred during winter 1983-84, incurred severe
mortality on the overwintering borer population, the resulting borer
infestation in 1984 caused very little sugarcane stalk damage.

The

original plans and all data collection for the study reported herein
included this component.

It is hoped that future studies will further

investigate, under more normal seasonal conditions, possible
interactions between these two major pests of sugarcane in South
Louisiana.
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SUMMARY
Long-term studies utilizing large field plot experimental designs
and field surveys have incorporated numerous sampling methodologies to
determine predator and prey abundance and diversity in various sugarcane
weed habitats as affected by several cultural production variables.
Based on pitfall traps, D-vac, and sweep net sampling, abundance and
diversity of both ground- and foliage-associated predators and prey were
higher in weedy than in weed-free habitats.

Mound counts of the

imported fire ant, Solenopsis invicta Buren, a major predator of the
sugarcane borer (SCB), Diatraea saccharalis (F.), indicated a higher S^.
invicta abundance in weedy than in weed-free habitats (17 v£ 5
mounds/ha, respectively).

A subcompetitive stand of annual broadleaf

weeds was shown to enhance predator populations early in the season,
then die back at canopy closure, thus eliminating competition losses to
the crop.

Cane and sugar yields in broadleaf habitats averaged 19%

higher than in the weed-free ones.
S^. invicta diet composition and foraging activity investigated in
grass, broadleaf, and weed-free sugarcane habitats, showed that the most
frequent foraging occurred in grass habitats, which also had the
greatest vegetation density and above ground dry biomass.

Being a

polyphagous feeder, j>. invicta responded more positively to abundance
rather than diversity of prey.

Calculations based on the association

between prey and weeds indicated that annual grass and broadleaf weeds
play an important ecologically stabilizing role by providing 4.1 and 9.6
prey/g dry biomass/m2 , respectively.

Predation system stabilization

through floral, and consequently faunal, diversification proved to be a
98
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judicious and economically superior approach to integrated pest
management in Louisiana sugarcane.
A study of selected soil types (sandy, silty, and clayey) and
cultural practices (early and late planting and harvesting) on S^.
invicta abundance indicated a trend for higher populations observed in
clayey than in sandy or silty fields.

Explanations include: 1) the

higher moisture content (as determined by available water capacity) in
clayey soils which prevented the risk of colony desiccation, and 2) the
lower bulk density of clayey soils would allow greater soil strength,
being conducive to the construction of subterranean foraging tunnels and
deeper colony expansion.
Early harvested fields contained the highest j3. invicta populations
(94.2 mounds/ha), with the lowest occurring in those planted early (21.8
mounds/ha).

Additionally, a positive correlation (r = 0.58, P<0.01) was

ovserved between the number of active S^. invicta mounds and percent
ground cover.

As early harvesting of the crop seemed to be a better

approach to enhancing j3. invicta populations than late harvesting, the
necessary commercial production of some of the SCB susceptible varieties
might be situated in such fields.

Because both cane and weed regrowth

following harvest provide additional prey for the ants to feed on and
better build up their populations prior to overwintering, additional
management considerations relating to weed control and harvest time may
contribute to these commercial operations.
Studies on spider faunal abundance and diversity in Louisiana
sugarcane revealed the occurrence of 19 families represented by 67
species.

Two new records are reported from Louisiana sugarcane, Gea

heptagon (Hentz) and Neoantistea agilis (Keyserling).

Wolf spiders
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(Lycosidae) and sheet-weaving spiders (Linyphiidae) comprised the
majority of foliage associated fauna (41 and 37% respectively).

Sac

spiders (Cluvionidae), sheet-weaving spiders and wolf spiders were more
abundant early in the season, while comb-footed spiders and the members
of the family Nesticidae were more abundant later in the season.
Additionally, weed control practices seemed to have little impact on the
araneid faunal composition and abundance in sugarcane.
A 2-yr study conducted to determine the effects of johnson
grass, [Sorghum halepense (L.) Persoon], interference on sugarcane
yield revealed that both cane and sugar yields were lower (36 and 31%,
respectively) in plots heavily infested with johnsongrass than in
weed-free plots.

Cane yield was inversely influenced by johnsongrass

equivalents (the sum of the number of plants multiplied by their
corresponding diameter for each plot) according to the prediction
/«.

/v

equation: Y = 68,994 - 51 X (r = - 0.826, P<0.01), where Y is the cane
yield (kg/ha) and X is johnsongrass equivalents.

Significant negative

correlations were observed between johnsongrass equivalents and standing
crop vs cane yields and stalk population, commercial sugar yield, and
cane stalk diameter.

Additionally, substantial cane yield reductions

from johnsongrass interference were observed at infestation levels
higher than 15-35%.

Significant relationships were not detected between

SCB damage (based on percent bored internodes) and johnsongrass
infestations.
Applications of azinphosmethyl (Guthion), a broad spectrum
insecticide commonly used for SCB control, decreased coleopterans,
phytophagous insects collectively, and spiders by 51, 35, and 67%,
respectively.

These studies have shown the need for a continuing
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insecticide evaluation program to emphasize selection of SCB control
chemicals less detrimental to non-target beneficial and "neutral"
arthropod faunas in this ecosystem.
It is anticipated that future studies will further attempt to
define the role contributed synergistically by individual components of
the total integrated pest management system.

Examples include:

establishment of economic weed thresholds; resistant vs susceptible
variety placement for containment of the spread of sugarcane mosaic and
other diseases; creation of small "islands" of unharvested sugarcane for
enhancement of biocontrol agents through provision of better
overwintering sites; and investigations into the relationships between
S_. invicta and other predators and parasites of the SCB in order to
determine the most appropriate strategy for efficient manipulation of
those organisms into an economically sound interdisciplinary pest
management system for sugarcane.
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APPENDIX A

Economic analysis of selected sugarcane management practices in
southeast Louisiana.
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Table 1.

Production costs and returns in dollars per hectare for selected sugarcane management

practices in southeast Louisiana_____________________________________________________________ __
Variable costs

Management

Gross receipts

practice

c/
from production^ Preharvest— ^ Harvest- Total

Income above

Fixed

variable costs

. e/
d/ costs—
costs—

Total

Net
Return

1982 Mixed weedy

2,036.85

163.75

172.90

336.65

1,700.20

333.07

669.72

1,367.13

Weed-free

1,822.26

176.57

172.90

349.47

1,472.79

335.69

685.16

1,137.10

Grasses

2,080.21

174.89

172.90

347.79

1,732.42

335.69

683.48

1,396.73

Broadleaves

2,031.24

149.34

172.90

322.24

1,709.00

335.69

657.93

1,373.31

Mixed weedy

1,163.82

171.46

162.57

334.03

829.79

321.85

655.88

507.94

Weed-free

1,463.85

213.96

162.57

376.53

1,087.32

327.11

703.64

760.21

Grasses

1,308.02

214.58

162.57

377.15

930.87

324.49

701.64

606.38

Broadleaves

1,490.11

196.59

162.57

359.16

1,130.95

327.11

686.27

803.84

Mixed weedy

735.76

134.42

162.57

296.99

438.77

324.49

621.48

114.28

Weed-free

865.84

264.86

162.57

427.43

438.41

327.11

754.54

111.30

Grasses

827.59

191.62

162.57

354.19

473.40

327.11

681.30

146.29

1983

1984 &

Table 1. (Continued)

Variable costs

Management

Gross receipts

practice

from productiotr^ Preharvest— ^ Harvest— ^ Total

Income above

Fixed

variable costs

. e/
- d/ costs—
costs—

Total

Net
Return

1984
Broadleaves

969.50

174.55

162.57

337.12

632.38

329.75

666.87

302.63

3/
— Include: sugar and molasses + hauling rebate - mill charge - land rent.

— ^ Include: herbicides, insecticides, fertilizers, machinery and tractor (fuel, lube and repair), labor
(machinery and tractor), and interest on operating capital,
c/
— Include: machinery and tractor (fuel, lube and repair) and labor (machinery and tractor).
~

Include: machinery, tractors, and overhead,

e/
— Variable + Fixed.
—

g/

Plant cane crop.
First ratoon crop.

APPENDIX B

Lists of spiders reported from Louisiana sugarcane
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Table 1.

Valid names for taxa listed by Negm, Hensley, and Roddy

( 1 9 6 9 ) _____________________________________________________________
Family

Cited Name

Valid Name

Aysha ferox Becker

Aysha velox (Becker)

Allepeira lemniscata
(Walckenaer)

Mecynogea lemniscata
(Walckenaer)

Drexelia directa McCook

Larinia directa (Hentz)

Neoscona benjamina
(Walckenaer)

Neoscona hentzi (Keyserling)

Neoscona minima
F.O.P.- Cambridge

Neoscona arabesca
(Walckenaer)

Scoloderus tuberculifer
F.O.P.- Cambridge

Scoloderus cordatus
(Taczanowski)

Meriola decepta Banks

Trachelas deceptus (Banks)

Trachelas ruber
Keyserling

Trachelas tranquillus (Hentz)

Herpyllus cratus
Chamberlin

Herpyllus ecclesiasticus
(Hentz)

Poecilochroa decipiens
Chamberlin

Sergiolus ocellatus
(Walkenaer)

Poecilochroa famula
Chamberlin

Sergiolus minutus (Banks)

Sergiolus meretrix
Chamberlin

Sergiolus minutus (Banks)

Zelotes rusticus
(C.L. Koch)

Urozelotes rusticus
(L. Koch)

Anyphaenidae

Araneidae

Clubionidae

Gnaphosidae
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Lycosidae

Trochosa aeompa
Chamberlin

Lycosa acompa (Chamberlin)

Cornicularia vigilax
Blackwall

Walckenaera spiralis
(Emerton)

Nesticus pallidus
Ernerton

Eidmanella pallida (Emerton)

Thanatidius dubius
(Hentz)

Pisaurina dubia (Hentz)

Thanatidius tenuis
Simon

Pisaurina undulata
(Keyserling)

Habronattus coronatus
(Hentz)

Habronattus coecatus (Hentz)

Pellenes borealis
(Banks)

Habronattus borealis (Banks)

Pellenes coronatus
Hentz

Habronattus coecatus (Hentz)

Zygoballus bettini
Peckham

Zygoballus rufipes (Peckhams)

Micryphantidae

Nesticidae

Pisauridae

Salticidae

Tetragnathidae
Mimognatha foxi (McCook) Glenognatha foxi (McCook)
Theridiidae
Paratheridula
Paratheridula perniciosa
quadrimaculatus Banks
Keyserling
Teutana grossa
(C.L. Koch)

Steatoda grossa (C.L. Koch)

Teutana triangulosa
Walckenaer

Steatoda triangulosa
(Walckenaer)

a/
— Names changed due to revisions.
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Table 2.

Spiders collected in sugarcane ecosystems in southeast

Louisiana, between 1982 and 1984._____________________________________
Agelenidae
Agelenopsis naevia (Walckenaer)
Coras medicinalis (Hentz)

Anyphaenidae
Wulfila saltabunda (Hentz)

Araneidae
Acanthepeira stellata (Marx)
Argiope aurantia Lucas
Cyclosa turbinata (Walckenaer)
Gea heptagon (Hentz)

*

Larinia directa (Hentz)
Neoscona arabesca (Walckenaer)

Clubionidae
Casf.ianeira descripta (Hentz)
Castianeira longipalpis (Hentz)
Clubiona abbotii C.L. Koch
Clubiona obesa Hentz
Phrurotimpus borealis (Emerton)
Scotinella fratrella (Gertsch)
Trachelas deceptus (Banks)
Trachelas similis F.O.P.-Cambridge

Dictynidae

Dictyna sublata (Hentz)

Gnaphosidae
Cesonia bilineata (Hentz)

Hahniidae
*

Neoantistea agilis (Keyserling)

Linyphiidae
Eperigone banksi Ivie & Barrows
Erigone autumnalis Emerton
Florinda coccinea (Hentz)
Frontinella pyramitela (Walckenaer)

Lycosidae
Allocosa funerea (Hentz)
Lycosa helluo Walckenaer
Lycosa rabida Walckenaer
Pardosa milvina (Hentz)
Pirata piratica (Clerck)
Pirata suwaneus Gertsch
Schizocosa avida (Walckenaer)
Schizocosa crassipes (Walckenaer)
Schizocosa ocreata (Hentz)

Mimetidae

Mimetus hesperus Chamberlin

Mysmenidae
Mysmena guttata (Banks)
Nesticidae
Eidmanella pallida (Emerton)

Oxyopidae
Oxyopes salticus Hentz

Pisauridae
Pisaurina undulata (Keyserling)

Salticidae
Corythalia canosa (Walckenaer)
Eris marginata (Walckenaer)
Habronattus coecatus (Hentz)
Hentzia mitrata (Hentz)
Hentzia palmarum (Hentz)
Metaphidippus galathea (Walckenaer)
Metaphidippus protervus (Walckenaer)
Phidippus audax (Hentz)
Phidippus clarus Keyserling
Sarinda hentzi (Banks)
Synemosyna formica Hentz
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Tetragnathidae
Glenognatha foxi (McCook)
Leucauge venusta (Walkenaer)
Pachygnatha autumnalis Keyserling
Tetragnatha laboriosa Hentz
Theridiidae
Argyrodes fictilium (Hentz)
Coleosoma acutiventer (Keyserling)
Dipoena abdita Gertsch & Mulaik
Latrodectus mactans (Fabricius)
Theridion alabamense Gertsch & Archer
Theridion albidum Banks
Theridion glaucescens Becker
Theridula opulenta (Walckenaer)
Thymoites expulsa (Gertsch & Mulaik)
Tidarren sisyphoides (Walckenaer)

Thomisidae
Misumenops asperatus (Hentz)
Misumenops celer (Hentz)
Misumenops oblongus (Keyserling)

Uloboridae
Uloborus glomosus (Walckenaer)

*
First record in Louisiana sugarcane.
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Table 3.

cl/
Spiders reported from Louisiana sugarcane fields.—

Agelenidae
Agelenopsis aperta (Gertsch)
Agelenopsis emertoni Chamberlin & Ivie
Cicurina arcuata Keyserling
Cicurina robusta Simon
Coras perplexus Muma
Tegenaria pagana C.L. Koch
Wadotes hybridus (Emerton)

Anyphaenidae
Anyphaena celer (Hentz)
Aysha decepta (Banks)

Araneidae
Mangora placida Hentz
Metazygia wittfeldae (McCook)
Singa variabilis Emerton

Clubionidae
Castianeira variata Gertsch
Chiracanthium inclusum (Hentz)
Clubiona maritima C.L. Koch
Phrurotimpus alarius (Hentz)
Phrurotimpus emertoni Gertsch
Phrurotimpus minutus (Banks)

Dysderidae

Dysdera crocata C.L. Koch

Gnaphosidae
Gnaphosa sericata (C.L. Koch)
Litopyllus paludis Chamberlin & Gertsch

Linyphiidae
Lepthyphantes nebulosa (Sundevall)
Meioneta formica Emerton
Microneta sp.
Tennesseellum formicum (Emerton)

Loxoscelidae
Loxosceles devius Gertsch

Lycosidae
Arctosa floridiana (Banks)
Lycosa antelucana Montgomery
Lycosa aspersa Hentz
Lycosa carolinensis Walckenaer
Lycosa georgicola Walckenaer
Lycosa lenta Hentz
Lycosa punctulata Hentz
Pardosa delicatula Gertsch & Wallace
Pardosa moesta Banks
Pardosa montgomeryi Gertsch
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Pardosa saxatilis Hentz
Pirata minutus Emerton
Pirata sylvanus Chamberlin & Ivie

Micryphantidae
Ceraticelus bryantae Daston
Ceratinops rugosa (Emerton)
Eperigone albula Zorsch & Crosby
Grammonota texana (Banks)

Pholcidae
Pholcus phalangioides (Fuesslin)

Pisauridae
Dolomedes albineus (Hentz)
Dolomedes scriptus Hentz
Pisaurina mira (Walckenaer)

Theridiidae
Achaearanea index Chamberlin & Ivie
Theridion murarium Emerton

Thomisidae
Xysticus ferox (Hentz)
Xysticus texanus Banks

cl/

—

Based on reports by Hensley et al. (1961) and Negm et al. (1969).
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I. To retrieve files 1 through 60 from dataset 'elahme.elali.data'
submit the following job:
/ELAHME5 JOB (1817,64597,,50),'ALI',NOTIFY=ELAHME,CLASS=A,
/ MSGCLASS=S
*SETUP TEMP10-W
* JOBPARM SHIFT=D
/CPOY
PROC
EXEC PGM=IEBGENER
/A
/SYSPRINT DD 5YS0UT=*
/SYSUT2
DD DSN=ELAHME.ELALI.DATA(SMEM),DISP=SHR
/SYSUT1
DD DISP=NEW,LABEL=(&FILE,NL),UNIT=TAPE6250,
/ VOL= (,RETA LN,SER=TEMP10),DSNAME=DUMMY
/SYSIN
DD DUMMY
PEND
/
/STEP1 EXEC COPY,FILE=l,MEM=ALMA
/STEP2 EXEC COPY,FILE=2,MEM=ALMASOIL
/STEP3 EXEC COPY,FILE=3,MEM=ALMA82
/STEP4 EXEC COPY,FILE=4,MEM=ANTF00D
/STEP5 EXEC COPY,FILE=5,MEM=ANT82
/STEP6 EXEC COPY,FILE=6 ,MEM=BD JNTSYD
/STEP7 EXEC COPY,FILE=7,MEM=BDJYD1
/STEP8 EXEC COPY,FILE=8 ,MEM=BDJYD2
/STEP9 EXEC COPY,FILE=9,MEM=CARDS
/STEP10 EXEC COPY,F1LE=10,MEM=COMBO
/STEP11 EXEC COPY,FILE=11,MEM=COMBSOIL
/STEP12 EXEC COPY,FILE=12,MEM=CONTENTS
/STEP13 EXEC COPY,FILE=13,MEM=CONT1
/STEP14 EXEC COPY,FILE=14,MEM=C0STS
/STEP15 EXEC COPY,FILE=15,MEM=DIET83
/STEP16 EXEC COPY,FILE=16,MEM=DTWEDS8 3
/STEP17 EXEC COPY,FILE=17,MEM=DVAC1
/STEP18 EXEC COPY,FILE=18,MEM=DVAC2
/STEP19 EXEC COPY,FILE=19,MEM=DVC2SPDR
/STEP20 EXEC COPY,FILE=20,MEM=EGG84
/STEP21 EXEC COPY,FILE=21,MEM=FOLRCOVR
/STEP22 EXEC COPY,FILE=22,MEM=FOLRCOVl
/STEP23 EXEC COPY,FILE=2 3,MEM=FOLRCVR2
/STEP24 EXEC COPY,FILE=24,MEM=GLM1
/STEP25 EXEC COPY,FILE=25,MEM=GLM2
/STEP26 EXEC COPY,FILE=26,MEM=GLM3
/STEP27 EXEC COPY,FILE=27,MEM=GPLOT
/STEP28 EXEC COPY,FILE=28,MEM=INFSTCTS
/STEP29 EXEC C0PY,FILE=29,MEM=1NFST1
/STEP30 EXEC COPY,FILE=30,MEM=INFST2
/STEP31 EXEC COPY,FILE=31,MEM= JGRASS
/STEP32 EXEC COPY,FILE=32,MEM=JGSUCR
/STEP33 EXEC COPY,FILE=33,MEM=JG84
/STEP34 EXEC COPY,FILE=34,MEM=MOUND84
/STEP35 EXEC COPY,FILE=35,MEM=PITFALS1
/STEP36 EXEC COPY,FILE=36,MEM=PITFALS2
/STEP37 EXEC COPY,FILE=37,MEM=PIT83
/STEP38 EXEC COPY,FILE=38,MEM=PLANE
/STEP39 EXEC COPY,FILE=39,MEM=POP83
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//STEP40
//STEP41
//STEP42
//STEP43
//STEP44
//STEP45
//STEP46
//STEP47
//STEP48
//STEP49
//STEP50
//STEP51
//STEP52
//STEP53
//STEP54
//STEP55
//STEP56
//STEP57
//STEP58
//STEP59
//STEP60
//

EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC

COPY, FILE’=4Q,MEM= ’POP84
COPY, FILE’=41 ,MEM= ’PRINT
COPY, FILE’=42,MEM= ’PROG1
COPY, FILE’=43 ,MEM= ’PROG2
COPY, FILE’=44 ,MEM= ’PTFL84
COPY, FILE’=45 ,MEM= ’REG
COPY, FILE’=46 ,MEM= ’RI
COPY, FILE’=47 ,MEM= ’SOIL
COPY, FILE’=48 ,MEM= ’SOILANAL
COPY, FILE’=49 ,MEM= ’S0IL84
COPY, FILE’=50,MEM= ’STJCARDS
COPY, FILE’=51 ,MEM= =STJSOIL
COPY, FILE’=52 ,MEM= ’SUGAR
COPY, FILE’=53,MEM= ’SUGAR84
COPY, FILE’=54 ,MEM= ’SURVEY83
COPY, FILE’=55 ,MEM= ’TRAILS
COPY, FILE’=56 ,MEM= ’TRAILS1
COPY, FILE’=57 ,MEM= ’TRNSIENT
COPY, FILE’=58 ,MEM= ’WEED1
COPY, FILE’=59,MEM= ’WEED2
COPY, FILE’=60 ,MEM= ’WEED 3

II. To retrieve files 61 through 64 from dataset 'elahme.elali.soil'
submit the following job:
//ELAHME6 JOB (1817,64597,,50),'ALI',NOTIFY=ELAHME,CLASS=A,
// MSGCLASS=S
/*SETUP TEMP10-W
/* JOBPARM SHIFT=D
//CPOY
PROC
//A
EXEC PGM=IEBGENER
//SYSPRINT DD SYSOUT=*
//SYSUT2
DD DSN=ELAHME.ELALI.SOIL(&MEM),DISP=SHR
//SYSUT1
DD DISP=NEW,LABEL=(&FILE,NL),UNIT=TAPE6250,
// VOL=(, RETAIN, SER==TEMP 10) ,DSNAME=DUMMY
DD DUMMY
//SYSIN
PEND
//
//STEP1 EXEC COPY,FILE=61,MEM=MOUND
//STEP2 EXEC COPY,FILE=62,MEM=MOUNDS
//STEP3 EXEC COPY,FILE=63,MEM=NEWSOIL
//STEP4 EXEC COPY,FILE=64,MEM=SOILCOMB
//
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III. To retrieve file 65 from dataset ’elahme.elali.sasdata’ submit the
following job:
//ELAHME3 JOB (1817,64597,,50),'ALl',N0TIFY=ELAHME,CLASS=A,
// MSGCLASS=S
/*SETUP TEMP10-W
/* JOBPARM SHIFT=D
//
EXEC SAS
//OUTDD DD DSN=ELAHME.ELALI.SASDATA,DISP=SHR
//INDD
DD DSN=DUMMY,DISP=0LD,LABEL=(65,NL),UNIT=TAPE6 250,
// VOL=(,RETAIN,SER=TEMP10)
//SAS.SYSIN DD *
PROC COPY IN=INDD 0UT=0UTDD;

//
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A. D. Ali, Ph.D. Dissertation, 1985.
Spider vouchers retained by the author, except as indicated.
Family

Scientific name

Agelenidae

Coras medicinalis

Araneidae

Araneus sp.

Clubionidae

Castianeira descripta
Trachelas similis

Dictynidae

Dictyna sublata

Gnaphosidae

Drassyllus sp.

Linyphiidae

Meioneta sp.

Lycosidae

Allocosa funerea

Mysmenidae

*
Mysmena guttata

Philodromidae

Ebo latithorax

Salticidae

Corythalia canosa
Eris marginata
Hentzia mitrata
Metaphidippus protervus
Phidippus clarus
Sarinda hentzi

Theridiidae

Achaearanea sp.
Argyrodes fictilium
Theridion glaucescens
Theridula opulenta
Tidarren sisyphoides

Thomisidae

Misumenops asperatus
Misumenops celer

* Retained by Dr. C. Dondale, Biosystematic Research Institute,

13 7

K. W. Neatby Bldg. Rm. 3125, C.E.F. Ottawa, Ontario, K1A OC6 .
All other arthropod specimens mentioned in the text, except those
in Appendix B (Table 3) of which vouchers were unavailable, have
been deposited in the Museum Collection of the LSU Department of
Entomology, Baton Rouge, 70803-1710.
All weed vouchers, except Poinsettia sp. (f. Euphorbiaceae), have
been deposited in the LSU Herbarium, Dept, of Botany, Baton Rouge,
70803-1710.
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