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Knowing when and how best to treat a cotton crop for resis-
tant insects is a dilemma faced by growers Beltwide. There are
two main schools of thought about this issue, namely 1) treat to
pratect the crop from early season damage and 2) sacrifice same
early season vield by delaying treatment to allow beneficial insect
populations to build (also reducing the chances for flare-ups of
secondary pests). There is seldom only one easy or right answer, In
this newsletter, researchers and extension specialists from across
the Cotton Belt discuss different means of managing cotton to tumn
a profit and, at the same time, to reduce incidences of resistance
in insects.

Mot all pests are resistant to insecticides. Here we focus on
five pest complexes in which resistance management is an issue,
discuss earliness as it relates to insecticide resistance, and indicate
some ways to maintain the efficacy of the chemical toals we have
available to continue to get the most *bang for the buck.” We do
not suggest using any ane of these practices at the expense of a
cotton Crop,

Insecticide Resistance

Aphids, the tobacco budworm/ bollworm complex, plant
bugs, pink bollworm, and silverleaf whitefly present insecticide
resistance problems and accounted for aver $540 million lost
Beltwide in 1995, an exceptionally bad year (Table 1), It is not too
surprising that the first-developed transgenic cottons target cater-
pillar pests when you realize that losses totaling over $334 million
in 1995 were due to the budworm/bollworm complex alane.

Just what do we mean by insecticide resistance? Resistance
can develop in a population of pests exposed ta repeated applica-
tions of insecticide. The survivors reproduce and pass on resis-
tance to their offspring. With repeated applications, the only
surviving insects are those able to withstand doses of a product
which would have proven lethal to the initial, susceptible popula-
tian. Soan the anly insects in a grower's field are derived from
resistant stock. Susceptible insects die and resistant ones survive
applications, Anather insecticide “hites the dust.”
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Table 1. 95 losses due to insects in which problems with resistance to
chemical treatments have been identified. Estimates of dollars [ost assume
£0.80 per pound. These figures do not reflect substantial economic losses
that can occur as a result of reduced fiber quality. In addition to impacting
yields, both whitefly and aphid infestations can produce sticky cottan
which, at best, brings a discount. (Source: 1996 Beltwide Cotton
Conterence Proceedings [BWCCP])

Bales Lost:

Dollars Lost:

Budworm/Bollworm 856,909 $334,194,510
Plant Bug 240,134 Q3,652,260
Aphids 234,756 91,554,840
Pink Bollworm 35,758 13,945,620
Silverleaf Whitefly 20,904 4,152,560
TOTAL 1,388,461 $ 541,499,790

A Look at the Cotton Plant: Earliness and Profitability

With profitable production the primary objective, the stage of
development of the cotton crop must be considered when dealing
with insects. Managing for earliness means the crop is in the
ground for a shorter period of time, Positive spin-offs include less
exposure of the crop to pests, fewer applications of pesticides,
and reduced costs as a result of having the crop in the ground for
less time.,

Earliness is favored by selecting a fast-fruiting variety, estab-
lishing a good stand, achieving early fruit retention, protecting the
crop from pests, avoiding water stress by irrigating in a timely
fashion, optimizing fertilizer applications (timings and amaounts),
contrelling the balance of vegetative and reproductive growth,
and terminating the crop by stopping irrigation at the appropriate
developmental stage.

Photo: AF Wrona).

Pratecting the crop from pests early in the season is key to
managing an early crop. Why? Aphids, for instance, can cause
stunting of plants. Plants weakened early in the season never
amount to much and certainly eliminate any chance for an early
crop. An infestation of plant bugs early in the season can wipe out
early fruit, again, doing away with earliness. Even more impor-
tantly, figures from Mississippi show that first position and first-
formed fruits account for considerably more profit in both long
and short season varieties (Table 2). Managing to retain these
positions is not only critical to earliness, but also to profitahility
since the carly-set fruit will have more value per acre (Table 2.
The bulk of the crop is made on lower fruiting branches, particu-
larly in the early season varieties.




Table 2. Values per acre by fruiting position (#1, #2, or #3) dor an early By treating with insecticides only when recommended thresh-

season cultivar compared to a full season cultivar. (Source: |. Jenking and olds have been reached, both insect pests and natural enemies are
L.C. McCarty, 1995) exposed less to insecticides, (Thresholds are guidelines developed
through research that are useful in determining when populations of

Early Season Cultivar Full Season Cultivar a particular insect are high enough to warrant treatment. Numbers
53 22 # NODE #1 #2 53 of nymphs, eggs, and adults per leaf or per unit area have been
b 53 used as thresholds. Check with your extension service for sampling
: procedures recommended for your area.) When treatment is neces-
20 511 sary, using diverse materials and classes of chemistries helps delay
33 19 $21 $1 development of resistance. For thresholds to work properly, com-
%5 18 $32 £3 mercial fields must be scouted in the same manner and intensity
$22 17 47 58 $1 with which research plots were scouted to establish them,
53 433 16 $65 512 $1 Integrated pest management (IPM) uses a combination of
practical methods for controlling a pest or pest complex, rather
38 $40 15 $73 515 $2 than just a single method such as insecticide treatment. Although
$1 $10 $62 14 %79 521 $2 IPM is the cornerstone of any good cotton insect management
£ $12 £a0 12 $86 £I5 £2 effort, it takes on additional importance when dealing with pests
42 $14 $84 12 $79 $26 $4 that have developed resistance to insecticides. Since the insect’s
reproductive rale, migration and host range, as well as the
53 $22 $85 11 $69 524 $3 insecticide’s persistence, specificity, and intensily of use influence
$3 $33 580 10 §77 $20 54 how rapidly insecticide resistance develops, employing IPM can
51 £31 $92 0 $75 $22 85 often delay development of resistance.
$2 $32 $103 g $68 $16 51 Deciding which management approach to use is a bit of a
$3 529 93 = <38 9 52 gamble, like many aspects of farming, Here we briefly review the
: hiology and describe specific resistance problems of five pest com-
516 $47 6 514 33 51 plexes which torment producers and challenge us all to derive better
53 $5 5 1 means of treating them.
Aphids (Aphis gossypii)

Cotton aphids (Aphis gossypiil are present in all cotton-growing areas of the world where
they colonize a wide range of hosts. Colonies are made up of individuals of different colors:
shades of green, brown, yvellow, orangey vellow, and even white, Size varies up to the size of
the head of a pin (Figure 13, Aphids migrate into cotton fields as winged adults. Females
produce living yvoung (nymphs) without mating. In about 5 days at 80°F, these nymphs be-
come adults which produce even more colonies on the undersides of leaves.

Their economic importance as cotton pests stems from 1) direct damage as a result of sucking
nutrients from plants, and 2} indirect damage caused either by honeydew (sugary wastes) which
contaminates lint (sticky cottan) or by transmission and spread of diseases, particularly viruses.

Since the mid-1980's, aphids have increased in severity and have become a problem
earlier in the seazon. Heavy infestations can cause significant decreases in |.inl yields, I:"lanls Figure 1. Cotton aphids (Photo: 0. Hardee)
suffer considerable stress, they are small and less branched, and baoll shedding results in vield
loss, Much of the increasing problems caused by aphids are a result of natural enemies being
eliminated by frequent sprays of all classes of insecticides for early season cotton insects, While natural enemies are destroved by these
early sprays, resistant aphid populations rapidly build up, as it takes them only 5 days to complete their life cycle. Mare than 60 generations
can be produced in one growing season. Consequently, these insects can develop resistance much more rapidly than other insects with
longer life cvcles.

Budworm/Bollworm (Heliothine species)

Tobacco budworm (Heliothis virescenst and bollworm (Helicoverpa zea) are found on a

i very wide range of wild and cultivated plants throughout the world. Females attract males
with sex hormaones (pheromones) which they release in the early morning hours. Adult moths
lay eggs, usually at night, on voung leaves and terminals of the plant. Femnales lay between
1,000 and 3,000 eggs which hatch in 2 to 4 days. If not controlled, caterpillars {lanvae) may
reach 2 inches in length. (At 3 days of age or older they are very difficult to contral.) They
feed directly on squares, blooms, and balls of cotton (Figure 2. The larvae mature in 12 to
16 days. Mature larvae drop to the ground, burrow into the soil and pupate for 10 to 14 days
hefore emenging as moths, (Larvae entering a resting stage (diapause) to survive adverse
conditions such as cold winter temperatures or hot, dry surmmer conditions will pupate
longer.) Potentially three or more generations can be produced in one cotton seasan,

Although the bollworm has been a pest since the 1820%, the tobacco budworm did not
becomne a pest until the 1930's. Both insects became increasingly important as pests of
cotton with the widespread use of synthetic insecticides for control of the boll weevil. These
Figure 2. Bollworm (Phato: NCC) insecticides greatly reduced the predator and parasite populations which had kept tobacco
budworm and bollworm under contral, Since the 19500's these insects, particularly tobacco
budworm, have developed resistance to most of the carbamate, organochlorine, organophos-
phate, and pyrethroid insecticides wsed for their cantrol,
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Pink Bollworm (Pectinophora gossypiella)

The pink ballworm is ane of the most serious pests of cotton in much of the tropics and

= W subtropics. Like the previous caterpillar pests {insect order Lepidoptera), female moths attract
: their mates with pheromones. Eggs are laid singly or in small groups in sheltered [ocations
on the plant (leaf axils, undersides of leaves, squares, and more frequently beneath the calyx
of young bolls). Between 200 and 300 eggs are laid by each female. Eggs hatch into larvae in
4 to 8 days. Newly emerged larvae can bore into a boll in less than 24 hours. These larvae
must feed immediately or they die (Figure 3. In 14 to 21 days, larvae pupate in silk cocoons
formed inside damaged bolls, on the ground, or in the soil.

Of the three to five generations produced in a vear, the first feeds mainly in squares and
flowers; later generations feed in bolls. Characteristic rosetting of blooms occurs when larvae
spin together developing flower petals, Entry holes into bolls are rarely visible, but larvae
mine through the developing lint, severing fibers, an their way to the seed on which they
Figure 3. Pink bollworm (Fhoto: NCC) feed. Their activity is associated with boll rot fungi and elevated levels of aflatoxin produc-
tion, Populations peak in August or September. Overwintering larvae diapause starting in
mid-September, pupate in late winter and spring, and produce adults which emerge over an
extended period of time. Those adults that emerge when fruiting cotton is available are the ones thal initiate the new year's infestations.

The pink bollworm was the major pest of cotton in the desert Southwest for many years, at times destraying more than half the crap
unless control measures were imposed, The heavy use of pyrethroid insecticides against the whitefly has provided the selection pressure
necessary for populations af pink bollworm to develop resistance to this class of insecticides. Fortunately, they are still susceptible 1o the
organophosphate and carbamate insecticides. Cultural measures which adversely affect pink bollworm populations continue to be the
foundation for a good resistance management program against this insect. Cultural practices will be even more important as transgenic Bt
cottons are grown.

Plant Bug (Lygus species)

Plant bugs (Lygus hesperus, L. lineolaris, and others) are serious pests of cotton and many
other cultivated crops grown in the United States (Figure 4), Plant bugs that increase in
numbers on wild hosts and other crops provide a ready resenvoir for migrations into cotton,
In cotton, plant bugs have few parasites and predators that attack them. Control is almost
exclusively by inseclicides including carbamates, organophosphates, and pyrethroids. Strip
cutting of alfalfa and maintaining good sanitation through timely elimination of weeds con-
tribute to plant bug control, too. For instance, destroying weed hosts at early square may
warsen infestations of plant bugs.

Plant bugs overwinter as adults in a reproductive diapause. In colton, eggs are laid in
flowers, buds, bracts, and nodes. In about 8 days, the eges hatch into nymphs which develap
for about 11 days. Each generation takes about 20 to 30 days. Several generations are pro-
duced in a year, but usually nol more than three develop on cotton. Plant bugs feed by
inserting their mouth parts into the tender plant parts and sucking sap. Feeding on squares
and small bolls usually causes them to shed.

Pyrethraid resistance in some tarnished plant bug L. lineolaris) populations can be high
enough to cause control failures. First documented in the Mississippi Delta in 1993, the
resistance was the result of 10 years of pyrethroid vse to control various insect pests, Tar-
nished plant bugs resistant to one pyrethroid were found to be resistant to all pyrethroids. In several states, they also displayed higher levels
of resistance to other classes al insecticides including organophosphates, carbamates, and cyclodienes,

Figure 4, Lygus (Photo: P.C. Ellsworth)

Silverleaf whitefly (Bemisia argentifolii)

The silverleaf whitefly | Bemisia argentifolil is a tiny sap-sucking insect related to aphids (Figure 5. Many wild, horticultural, and crop
plants serve as hosts for these insects, Football-shaped eggs are laid on the undersides of leaves where they develop into nymphs that feed by
sucking sap. Their waste products are excreted as a clear, sugary liquid thoneydew! that falls
onto lower plant parts, often producing sticky lint. Adults feed on plants the same way as
nymphs, but produce less honeydew. Whereas nymphs can move very little, adults can be
carried long distances in the wind and easily infest additional fields, In warm weather, their life
cycle is completed in 14 to 23 days. In desert areas of the West, 12 to 15 generations can be
produced in a year, moving from winter vegetables to melons to cotton. Like aphids, whiteflies
can develop resistance much more rapidly than other insects with longer life cycles,

Whiteflies require a living host and have no special overwintering stage. They continue to
develop and reproduce through the winter, albeit slowly, on hosts other than cotton. Because
whitefly eggs and nymphs are on the undersides of leaves, chemical control is difficult.
Unless insecticides are rotated, their short life cycle can result in several generations being
exposcd to the same insecticide (up to 12 applications) over the course of a season, Heawy
use of insecticides for whitefly control presents the risk of also increasing resistance in other
pests, such as the pink bollworm and plant bug.

{ Figure 5. Silverleaf whitefly iFhoto: 5. Bauer,
| LSDA-ARS)




Control and Management

A general theme runs throughout our discussion so far —
namely, repeated exposure of insects to the same class of insecti-
cides has resulted in populations resistant to the chemical toals
we have available to fight them. We have all heard it said that if
any organisms would likely survive a nuclear holocaust, it would
be the insects. Their resilience is truly remarkable. If that is our
challenge, how best do we continue to grow crops and prolong
the useful life of the chemical tools available to us? In the discus-
sion that follows, researchers from across the Cotton Belt have
contributed their insights on a region by region basis.

West (AZ, CA)

Plant bugs and aphids cause the
mast damage in the West {Figure 6).
However, in parts of the region such as
the desert areas of Arizona and the
Imperial Valley of California, the
silverleaf whitefly and pink bollworm
are the resistant insects of most con-
cem, Effective management for all four
of these pests requires using cultural

controls, sampling routinely for insects,
and following action thresholds. When
chemical contrals are needed, effica-
cious materials should be selected
carefully to avoid repeated exposure of
pests to the same material or class of
chemistry.

Figure &. "95 losses in
the West due to insects
in which resistance
problems have been
identified

(Source: 1996 BWCCP)

Lygus hesperus presents a constant threat to cotton in the West,
Because plant bugs migrate into cotton from other host plants,
problems often can be avoided by timely management in the
alfalfa, safflower, or surrounding weeds that serve as hosts. Specifi-
cally, strip-cutting or block-cutting alfalfa located near cotton has
been shown to effectively reduce migration into cotton and lessen
its damage. Thresholds for treatment of Lygus are based on sweep
net samples in conjunction with plant mapping to determine dam-
age. To pralong their usefulness, insecticides effective for treating
whiteflies should be avoided when treating Lygus.

Aphids may attack cotton from the seedling stage throughout
the season to harvest. Some researchers angue that populations
occurring before first square do not harm yield or quality and
might be important in sustaining beneficial insects in the field and
in reducing outbreaks of secondary pests later in the season.
Others remind you that stunting plants early, as a result of feeding
by high populations of aphids, markedly reduces vigor and elimi-
nates the possibility of an early crop. Management decisions need
to take into account the density of the population of insects, as
well as the uniformity of its distribution, or lack thereof, through-
out a field. Perhaps treating only the sections of the field with high
populations would provide a viable solution and compromise for
this quandary.

In recent years the silverleal whitefly has become the pest
causing most damage in much of Arizona and in the Imperial
Valley of California. Whitefly populations are at their lowest in
winter and early spring when they begin to move into cotton from
preferred hosts such as melons. Prompt and thorough destruction
of crop residues denies the whitefly host material upon which to
reproduce. As temperatures warm, whitefly populations increase
exponentially. The more of the cotton fruiting cycle that is com-
pleted before the whiteflics escalate in number, the better,

Implementing a cotton production strategy that achieves crop
earliness is key to managing whiteflies in the arid West. Although
the climate of this region may accommodate a growing season of
250 days, managing for earliness may mean using only 130 to
150 days from planting to the last irrigation. In Arizona, this is
what is meant by a short season approach and is least likely to
produce sticky cotton.

If two new insect growth
regulators (IGRs) are approved in
1996, the Southwest Whitefly
Resistance Management Working
Group will recommend a three-
stage program in which each IGR _
may be used only once. Treatment
with pyrethroid insecticides is
delayed until the end of the
season. No single insecticide is
used more than twice in a season.
Registration of these IGRs will provide an opportunity to diversify
insecticide use while delaying use of broad spectrum insecticides.

Again, cultural control is an integral part of resistance man-
agement for the pink bollworm. Timely termination of irrigation
and plow down will limit the number of diapausing larvae. Sterile
moths have been released early in the season to prevent mating
and thereby delay the onset of infestations in new cotton crops in
the San Joaquin and Imperial valleys of California. Additionally, Bt
cotton effectively controls pink bollworm and other caterpillar
pests. Both Bt cotton and pheromone mating disruption programs
enhance resistance management. They limit the need for insecti-
cide applications, while reducing exposure of both pests and
natural enemies to insecticides other than Bt.

Southwest (NM, OK, TX)

Budwormybollworm, aphids, and
pink bolhworm are the resistant insects
causing the most damage in the South-
west (Figure 7). Short season produc-
tion practices are one of the key com-
ponents of resistance management for
most insects in the Southwest, Shorten-
ing the growing season minimizes the
number of pest generations that is
exposed to insecticides. In so doing, a
greater number of insects remains
susceptible to insecticides.

Cultural practices that can help to
sharten a season include planting
narrow row cotton, using short season
varieties, planting in a window of
favorable weather, using moderate
plant densities and avoiding maturity-delaying high densities,
irrigating in a timely fashion, applying only enough nitrogen
fertilizer to achieve realistic vield goals, balancing vegetative and
reproductive growth to promote early cutout (using growth regula-
tors as needed), and using harvest aids to limit the numbers of
diapausing insects. Active plant monitoring helps to catch poten-
tial pest problems <o that appropriate pest control measures can
be taken to insure that early season fruit are retained.

Meither the pink bollworm nor the silverleaf whitefly has
developed resistant populations in this region. However, both of
these pests cause significant yield loss (Figure 7), and their infesta-
tions can result in a marked increase in insecticide use. Use of
cultural practices promoting earliness have minimized both popu-
lation increases of these pests and insecticide use.

Lower Rio Grande Valley producers have minimized whitefly
problems by maintaining a short growing season, limiting insecti-
cide use for all pests {thereby conserving natural enemies), and
managing whiteflies on alternate hosts. Key management compo-
nents include plowing up vegetable hosts immediately following
harvest, avoiding planting cotton next to other whitefly hosts,
planting smooth leaf varieties, planting early to avoid growing
cotton late summer when the greatest whitefly populations occur,
maximizing insecticide coverage by including 1 to 2% oil in the
tank, and plowing under stalks as soon after harvest as is feasible,
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Figure 7. “95 loszes in
the Southwest due to
insects inwhich
resistance problems
have been identified
(Source: 1996 BWCCF)







