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ABSTRACT The effects of plant water stress on beneficial and pest insects infesting Del-
tapine-50 short-staple cotton, Gossypium hirsutum L., and Pima 5-7 long-staple cotton, Gos-
sypium barbadense L., were studied in 1993 and 1994 in large replicated field plots in central
Arizona. Seasonal densities of eggs, nymphs, or adults of the sweetpotato whitefly, Bemisia
tabaci (Gennadius), were reduced 45-69% and 22-36% in plots irrigated weekly compared
with those irrigated biweekly in 1993 and 1994, respectively. In 1993, DPL-50 had more
whiteflies of all stages than Pima $-7, but crop termination gates had no effect on seasonal
densities of whiteflies. In 1994, fenpropathrin and acephate insecticide applications provided
greater control of whiteflies than buprofezin, an insect growth-regulating insecticide. Ap;{lb
cation thresholds of 1 adult whitefly per leaf resulted in lower whitefly densities than threshclds
of 5 or 10 adults per leaf. In 1994, pink bollworm larvae, Pectinophora goss piella (Saunders),
were reduced in plots treated with fenpropathrin and acephate and in pi’ots treated for B.
tabact at the threshold of 1 adult per leal. Mare Lygus hesperus Knight were found in plots
irrigated weekly than biweekly in ggth ears. Leaf water potentials (- ars), measured at 3, 7,
or 14 @ after irrigation in 1993, indicatec{ greater plant water stress in cotton irrigated biweekly
at 7 and 14 d after irrigation than in that irrigated weekly at 7 d after irrigation. Yields of
seedcotton were greater at thresholds of 1 than at 5 or 10 adult whiteflies per leaf. Combining
reduced plant water stress of weekly irrigation with fenpropathrin and acephate applied at a
threshold of 1 adult whitefly per leal provided the best control of B. tabaci.

KEY WORDS Bemisia tabaci, Pectinophora gossypiella, Lygus hesperus, Gossypium spp.,
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THE SWEETPOTATO WHITEFLY, Bemisia tabact
{Gennadius), strain B {recently proposed as a new
species, Bemisia argentifolii Bellows & Perring)
(BRellows et al. 1994) continues to be an economi-
cally important pest of greenhouse and field crops
throughout equatorial areas of the world (De Barro
1995). The widespread distribution of B. tabaci is
attributed to its exceptionally wide host range
(Cock 1986), short generation time (Butler et al.
1986), and resistance to insecticides (Toscano et al.
1995). A formidable amount of research effort has
been directed toward the development of control
methods for this insect (USDA 1992, Butler et al.
1995). Despite important advances in understand-
ing the basic biology of B. tabaci, the agricultural
producer has limited available control measures for
this pest.

The sweetpotato whitefly is a serious problem in
a number of agricultural crops in the southern
United States. In the Southwest, whiteflies use nu-
merous weed and ornamental hosts that provide
continuous sources of infestation for vegetable
crops as well as cotton, Gossypium spp. (Watson
et al. 1992). Cotton production in the southwest-
em United States suffers economic losses from B.

tabaci each year through yield reductions and re-
duced grade because of lint contamination by hon-
eydew (Henneberry et al. 1995). Producers rely
primarily on fenpropathrin and acephate insecti-
cides applied under varying criteria. Preservation
of insecticide efficacy depends on rotation of class-
es of chemicals, mixes of =22 chemicals with in-
dependent modes of action, full-strength applica-
tions, and use only when necessary (Dennehy et
al. 1995a). During the 1995 production season, it
became clear that the efficacy of available insecti-
cides used in whitefly control programs in Arizona
was seriously reduced in some cotton-growing ar-

eas (L. Antilla, personal communication).

Cultural practices can provide significant reduc-
tions in whiteflies on cotton. We have shown pre-
viously that reducing cotton plant water stress
through supplemental (Flint et al. 1994) or drip
(Flint et al. 1995) irrigation significantly reduces
the density of all stages of whitefly. Reducing cot-
ton plant water stress also improves yields (Radin
et al. 1989, Chu et al. 1995). Combining these cul-
tural practices with less susceptible cultivars (Flint
and Parks 1990, Wilson et al. 1993) and efficient
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use of insecticides should reduce exposure to dam-
aging levels of whiteflies.

This research furthers our examination of the
effect of plant water stress in cotton on yield and
fiber quality factors and on densities of pest spe-
cies, including B. tabaci, Pectinophora gossypiella
(Saunders}, Lygus hesperus Knight, and various
species of beneﬁcial insects. In 1993, we compared
the effect of weekly or biweekly irrigation and 2
dates of crop termination on pest and natural en-
emy densities on upland and pima cottons. On the
basis of these and previous results (Flint and Parks
1990, Flint et al. 1992, 1995), we extended our
studies in 1994 to examine the implications for
Eest management of B. tabaci. We used weekly or

iweekly irrigation to manipulate plant water
stress. We also applied either fenpropathrin and
acephate or buprofezin insecticides using action
thresholds of 1, 5, or 10 adults per leaf.

Materials and Methods

Tests were conducted on the University of Ari-
zona Maricopa Agricultural Center (MAC) farm,
Maricopa, AZ, in 1993 and 1994. The soil type on
the farm is sandy loam (fine loamy, mixed, hyperth-
ermic typic haplargid) and the growing season is
=245 d. Cotton was planted, fertilized, and main-
tained by the farm manager using standard grower
practices for the area. No totally untreated plots
were included in the tests because this is not a
grower option and because such plots are de-
stroyed by insects before the end ofpthe test peri-
ods. Untreated plots also serve as a source of insect
pests for surrounding experiments.

The 1993 study compared the effects of weekly
or biweeldy furrow irrigation (every 7 or 14 d, re-
spectively) and irrigation termination date on in-
sect densities in a short-staple cultivar, Gossypium
hirsutum L., ‘Deltapine 50’ (DPL-50), and a long-
staple cultivar, Gossypium barbadense 1., ‘Pima
§-7. DPL-50 carries the Deltapine smoothleaf
trait (Lee 1985) and has reduced susceptibility to
whiteflies (Flint et al. 1992). Pima $-7 also has the
smoothleaf trait and is a current commercial, long-
staple cultivar grown in the Southwest. The exper-
imental design was a split-split plot with irrigation
interval as whole plots, irrigation termination dates
as split plots, and cultivars as split-split plots.
Whole plots measured 24 rows wide (1.01-m row
centers) by 163 m long, split plots measured 12
rows by 165 m, and split-split plots measured 12
rows by 82 m (0.1 ha). There were 3 replicate plots
for each of 8 treatments for a total of 24 plots. The
cultivars were planted with an in-furrow applica-
tion of phorate (American Cyanamid, Wayne, NJ;
2.24 kg [AIl/ha) on 6 April. All plots were irrigated
on 25 April and 26 May to produce a uniform
stand. The weekly and biweekly irrigation sched-
ules began on 4 and 11 June, respectively. All plots
received 12,7 em of water on biweekly dates and
the plots irrigated weekly received a supplemental
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7.6 cm on a weekly basis. Access to the field was
provided by irrigating every other row. The addi-
tional weekly irrigations were made on rows not
irrigated the preceding week. Plots that were ter-
minated 27 August received a total of 183 or 107
em of water in plots irrigated weekly or biweekly,
respectively. Plots that were terminated 10 Sep-
tember received a total of 208 or 122 cm of water,
respectively. Early-terminated cotton was defoli-
ated 17 September and late-terminated cottom on
1 October iy applying ethephon (Rhone-Poulenc,
Research Triangle Park, NC; 1.68 kg [AIl/ha). All
plots were sprayed with acephate (Valent USA,
Walnut Creek, CA; 0.56 kg [All/ha) for L. hesperus
on 30 June and 9 July. Insecticide applications for
whitefly control were made on 3 August (endosul-
fan, FMC, Philadelphia, PA; fenpropathrin, Valent
USA, 0.83 and 0.17 kg [AI)ha, respectively) 7, and
13 August {fenpropathrin and acephate, 0.17 and
0.56 kg [AI]/ha respectively). All applications of in-
secticides were made by using a ground rig and
delivering 280 liters of spray per hectare in both
ears.

In 1994 a complete factorial design was used to
compare the effects of weekly or hiweekly irriga-
tions, insect control with fenpropathrin and ace-
phate or buprofezin, and 3 levels of insecticide
control provided by action thresholds of 1, 5, or 10
adult B. tabaci per leaf on DPL-50. The experi-
mental design was a randomized complete block
with 12 treatments and 4 replicate plots per treat-
ment for a total of 48 plots. Each plot was 12 rows
by 82 m (0.1 ha). All p}iots were planted on 4 April
with DPL-50 treated with a side dressing of pho-
rate (2.24 kg [All/ha). All plots were irrigated 5
April, 2, 23 May, and 6 June with 12.7 cm water
to preduce a uniform stand. The weekly and bi-
weekly irrigations began on 10 and 17 June, re-
spectively. All plots received 12.7 cm of water on
hiweekly dates, and plots irrigated weekly received
a supplemental 7.6 cm weekly. The final irrigation
of 12.7 em of water was made to all plots on 12
August (total water for weekly, 152. cm; biweekly,
114 cm). All plots were defoliated with ethephon
{1.68 kg [All/ha) on 1 September. The insecticide
applications consisted of either fenpropathrin and
acephate (0.17 and 0.56 kg [All/ha, respectively)
or the insect growth regulator buprofezin
{AgroEvo, Wilmington, DE; 0.28 kg [All/ha; Akey
et al. 1993). Applications were made to a set of
plots ence the average density of adults for a par-
ticular treatment exceeded the action threshold.
After the initial application of buprofezin, the de-
cision to spray with this material was based on in-
sect density in fenpropathrin and acephate plots of
the same irrigation and threshold treatments be-
cause buprofezin does not affect adults. These in-
secticides were applied 2-5 times, depending on
whitefly densities, between 12 July and 24 August
(Table 1). In addition, an application of acephate
(0.56 kg [AIVha) was made to all plots on 6 July
for L. hesperus and an application of chlorpyrifos
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Table 1. Insecticide application schedule and actual
numbers of whitefly (WF) adults at application, MAC
farm, 1994

Adult WF/leaf at

Thresh- application?

old No. Appli-
Irrgation 9 100 apPli~ catim(: Fenpro- o
¢ lear  Cations dates pathrin/ fegin
acephate
Weekly 1 4 1,2. 4,5 29 6.5
5 2 2,4 10.0 13.1
10 2 3,5 - 13.3 10.3
Biweckly 1 5 1,2, 3 4,5 4.8 52
5 3 2, 4,5 8.5 21.6
10 2 2,4 10.4 16.4

41,12 July; 2, 26 July; 23, 2 August; 4, 16 August; 5, 24 August.
Fenpropathrin and acephate alﬂslied at 0.17 and 0.56 kg (AlVha,
respectively; buprofezin applied at 0.28 kg {Al)/ha, both in 280
liter of solution per ha. Applications do not include acephate (0.56
kg [Allha) on & July for lygus bugs and chlorpyrifos (2.13 kg
[Allha) on 8 August for beet armyworm.

& Mean density over all sample dates that resulted in a decision
to apply insecticides.

(DowElanco, Indianapolis, IN; 2.13 kg [AIl/ha) on
8 August for beet armyworm, Spodoptera exigua
(Hiibner).

Whitefly Infestations. In both years, we esti-
mated the density of adult B. tabact using the leaf-
turn method of Naranjo and Flint (1985), in which
5th main-stem node leaves counted from the top
of the plant are gently turned to count the adult
flies on the underside. All adult whitefly counts
were made during reduced flight activity at 0700
0900 hours {(MST), although the time-of-day
counts might not have affected the outcome (Diehl
et al. 1995). In 1993, we counted adults on 15 ran-
domly selected 5th main-stem node leaves in the
central area of each plot on 16 sample dates from
24 May to 16 September, In 1994, we similarly
counted adults on 20 leaves per plot on 11 sample
dates from 31 May to 16 August. These adult sam-
ples were used to determine the need to spray in-
secticides based on threshold averages of 1, 5, or
10 adult whiteflies per leaf. Sampling was usually
conducted midweek, and the indicated insecticide
sprays were applied the day following sampling.

Densities of eggs and nymphs (crawler through
“pupal” stages) were determined from 3.88-cr®
disks taken from sector 2 of the 5th main-stem
node (Naranjo and Flint 1994). Samples of 15
leaves were collected randomly from the central
area of each plot on the same schedule as the
counts of adults on leaves previously described.
Specimens of whiteflies from field plots in 1993
and 1994 were identified by A. C. Bartlett (JSDA—
ARS; Phoenix, AZ) as “B” strain of B. tabaci by
randomly amplified pelymorphic DNA-polymerase
chain reaction analysis {Gawel and Bartlett 1993).
Subsequently, this strain was proposed as a new
species, B. argentifolii Bellows & Perring (Bellows
et al. 1994). Specimens from these tests are held
at the Western Cotton Research Laboratory, Phoe-
nix, AZ.
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Pink Bollworm Infestations. In 1993, samples
of 50 susceptible bolls (firm bolls =14-21 d old)
were collected from the central area of each plot
on 7 dates between 9 August and 16 September.
A further sample of 130 bolls per plot was collect-
ed on 23 October; these holls were hand-dissected
for diapause larvae, which is the overwintering
stage of the pink bollworm. In 1994, samples of 25
bolls per plot were collected on 5 dates between
13 July and 6 September. There were no late-sea-
son bolls for sampling because the early termina-

tion of the crop allowed maturation of the bolls on

the plants (precisely the reason for short-season
cotton production). All bolls collected during the
season were supported on wire screens above pa-

er towels in ventilated plastic boxes for 2 wk at
27°C and 50-70% RH be?ore counts of cut-out lar-
vae, pupae, and adults were recorded. This method
allowed small larvae, which might be missed if
bolls were opened for observation, to complete de-
velopment and to exit bolls.

Sweep Net Samples. Sweep net samples of 100
sweeps were collected from each plot on 6 dates
from 24 May to 21 []une in 1993 and on 4 dates
from 16 June to 6 July in 1994. Sweeps were made
with a net (40 cm diameter) through 2 separate
but centrally located rows in each plot (50 sweeps
per row combined). In both years, sweep net sam-
pling was discontinued when insecticide applica-
tions began. Collections were held in plastic bags,
which were then frozen before sorting in the lab-
oratory. In 1993, collections were sorted for the
following 8 beneficial insects: Collops vittatus
{Say); convergent lady beetle, Hippodamia conver-
gens Guérin-Méneville; minute pirate bug, Orius
tristicolor {White); the lacewing Chrysoperla car-
nea Stevens; Geocoris punctipes Say; damsel bugs,
Nabis spp.; and combined assassin bugs, Zelus spp.
and Sinea spp. Spiders were separated as a group
without species identification. The following 4 pest
insects also were counted: L. hesperus (combined
nymphs and adults); cotton Heahopper, Pseudato-
moscelis seriatus (Reuter); and the stinkbugs Chlo-
rochroa spp. and Thyanta spp. In 1994, collections
were sorted into 13 beneficial species, including
those observed in 1993 or other arthropod groups
(such as spiders), and 3 damaging species: P. ser-
tatus, L. hesperus {adults and nymphs combined),
and stinkbugs.

Leaf Water Potential. In 1993, we measured
the effect of the 2 irrigation schedules on plant
water stress. Leafl water potential was measured in
plots of DPL-50 and Pima S-7. A pressure cham-
ber (Soilmoisture Equipment, Santa Barbara, CA)
was used to measure the total water potential of
cotton leaves according to the methods of Meron
et al. (1987) for leaf collection and Turner {1987)
for operation of the chamber. Leaf water potential
is an index of plant water stress and is obtained
from the pressure (-bars) required to cause the ex-
udation of interstitial leaf sap. Leaves were col-
lected from the 5th main-stem node of cotton
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Table 2. Effects of irrigation frequency, cultivar, and termination date on mean sessonal densities of B. tabaci,

MAC farm, 1993

Main factor No. eggsiem?® Fo No. nymphs/em? Fe No. adults/leaf F df
Irrigation Frequency
Weokly 16.4 £ 25 £9.4% 4305 350.4% 52+03 5.3+ 1,2
Biweekly 41.6 > 6.5 —_ 104+22 — 95+13 — —
Caultivar
DP350 310=x71 39.4%* 10.0 £ 2.2 96.3%* 82+13 5.8% 1,8
Pima §-7 209 =37 — 4.7 £ 0.7 — 6509 — —_—
Termination
Early 27.0+4.0 0.4 538+09 2.6 6.4+ 0.7 1.0 1,4
Late 309 + 7.7 — 89*23 — 8314 — —

F and degrees of freedom for main factor; *, P < 0.05; **, P < 0.01. All insect densities reported as mean x §E, n = 12,

plants by shading and placing a humidified plastic
bag over the leaf, excising the leaf, expressing the
air from the bag, sealing the bag, then placing the
bag in an insulated storage chest containing ice.
Readings of leaf water potential were made in the
laboratory within 1 h of excision. All leaves were
collected between 0900 and 1100 hours {MST) at
3 and 7 d after irrigation in plots irrigated weekly
(irrigation began after leaf coﬂection on day 7) and
at 3, 7, and 14 d after irrigation in those irrigated
biweekly. This schedule provided data for maxi-
mum water stress at the end of the interirrigation
periods. We collected 3 leaves from the interior of
each plot on each sample date beginming 7 June
following an irrigation of all plots 3 d earlier. Sam-
pling was discontinued after 3 September.

Yield, Fiber Properties, and Sugar Content of
Lint, Machine-picked samples of seedcotton for
yield determination were collected 10 October
{1993} and 17 October (1994) using a 2-row spin-
dle picker. Thirty meters each of 3 adjacent rows
(total of 60 m of row) were picked from the central
area of each plot, and the seedcotton was weighed
and microginned at the laboratory to determine
percentage lint (1993 only). Samples of the lint
were commercially tested {Starlab, Knoxville, TN)
to determine micronaire, fiber length, percentage
elongation to breaking, and fiber strength.

Sugar contamination of lint by honeydew was
determined from samples of hand-picked seedcot-
- ton collected from the lowest fully open boll on
each of 20 plants centrally located in each plot on
22 September 1993 or 19 and 31 August 1994,
Typical summer rainfall in both years undoubtedly
rgguced sugar contamination, but no rainfall pre-
ceded the samples for at least 2 wk. Stickiness was
also determined for the 1994 samples using ther-
modetector tests conducted by H. H. Perkins (Cot-
ton Quality Research Station, USDA, Clemson,
5C). Thermodetection tests heat cotton between
aluminum plates and then determines the number
of sticky spots resulting from caramelized sugar
(Brushwood and Perkins 1993). Amounts of solu-
ble sugars (combined glucose, fructose, and su-
crose) were determined in 1993 and 1994 by high-
performance liquid chromatography and a

colorimetric method using a microplate assay as
described by Hendrix and Peelen (1987) and Hen-
drix {1993).

Statistical Analysis, Insect density, water stress,
yield, and lint quality data were tested by ANOVA
for split-split plot (1993) or randomized complete
block (1994) experimental design using SAS (SAS
Institute 1988} and MSTAT-C (Michigan State
University 1990). All insect counts were trans-
formed by In{x + 1) to normalize the data for anal-
yses, but all densities are presented as untransfor-
med in the results. Mean comparisons involving
>2 means were separated using the Tukey studen-
tized range test. All insect and water stress data
were analyzed on the basis of seasonal averages for
each plot. In 1993, seasonal means for insect den-
sity for early- and late-terminated plots were based
on samples collected between 24 May and 14 Sep-
tember and 24 May and 30 September, respective-
ly. In 1994, seasonal means for insect density were
based on samples collected between 31 May and
30 August. We further examined treatment effects
gn B. tabaci density separately for each sample

ate.

Results

Whitefly Infestations. In 1993, cotton plants ir-
rigated biweekly during the season had 2.5, 2.4, and
1.8 times greater average densities of eggs (F <
0.01), nymphs (P < (.01), and adults (P < 0.05),
respectively, than cotton plants irrigated weeldy (Ta-
ble 2). DPL-50 had 1.8, 2.1, and 1.3 times greater
average densities of eggs (P < 0.01), nymphs (P <
0.01}, and adults (P < 0.05), respectively, than Pima
§-7. There was no significant effect of irrigation ter-
mination date (27 August or 10 September) con
whitefly densities. There were no significant 3-way
interactions in these comparisons (P > 0.05). White-
fly densities in both DPL-30 and Pima S-7 in-
creased slowly during the period 24 May to 21 July,
densities then increased sharply in samples collect-
ed 28 July (Fig. 1), reflecting the immigration of
adults that is a typical occurrence in cotton fields
on the MAC farm (Flint et al. 1992). Applications
of insecticide on 3, 7, and 13 August reduced the
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Fig. 1. Densities of eggs, nymphs, and adults of B. tabaci on short-(DPL-50) and long-(Pima S-7) staple cotton
irrigated weekly or biweekly, MAC farm, 1993. Arrows indicate insecticide applications to control whiteflies; asterisks
denote significant differences (P < 0.05) between cultivars or irrigation regimes,

numbers of adults on leaves. Thereafter, DPL-50 Similarly, in 1994, cotton plants irrigated bi-
plots generally had greater numbers of eggs and weekly during the season had greater densities of
adults than Pima S$-7, and plots irrigated biweekly  all stages of B. tabaci; however, the difference be-
had higher densities than those irrigated weekly. tween irrigation regimes was less marked. There
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Table 3. Effects of irrigation frequency, insecticidal control, and action thresholds for initiating control on mean

seasonal densities of B. tabaci, MAC farm, 1994

Factor No. eggs/em? F No. nymphs/em?2 F No. adults/leaf F daf
Main factors
Irrigation
Weekly 26 £ 0.5 8.1%* 0.6 x0.1 6.0%:* 2903 T.B** 1,33
Biweekly 41 0% — 0.9 +02 _ 3.7+05 — —
Insecticide :
Fenpro/aceph? 1.3+02 137.1%# 0.4 0.1 95.9%* 2302 R].5k* 1, 33
Buprofezin 534+09 — 1202 — 44+04 — —
Threshold
1/eaf 1.8 £ 0.5b 24 8%* 0.4 = 0.1b 26.9%* 1.9+ 0.2b 43.2%* 2,33
5/eaf 3.8 0.9 —_ 08 >01x4 — 3.9 % 0.5a — —_
10/leaf 4.4+ 1.2a — 1.1 =03 — 4.1 £ 0.5a — —
. By insecticide
Fenpro/aceph?®
1/leaf 0.5+ 01¢ 50.8#%* 0.2 = 0.0b 22.9%* 1.5 +0.3b 24 (e 2, 15
5/eaf 14 *02b —_ 0.4 = 0.la — 24 x0.1a — —
10/eaf 1.9+ 03a — 0.6 = 0.la — 29 *0.3a — —
Buprofezin
1/teaf 3.1 x 0.6b 4.9% 0.7 =01b BT 2.4 = 0.2h 20,9 2,15
S/heaf 6.3 = 1.3ab — 12=0.1a —_ 35*05a —— —
10/1leaf 68 x2.1a — 1.7+ 04a — 52 *09a e —

* P < 0.05 ** P < 0.01. All insoct densities reported as mean = SE, with » = 16-24 for main factors and n = 8 for thresholds
by insecticides. Means followed by the same letter are not significantly different (Tukey studentized range tests, P = 0.05).

¢ Fenpropathrinfacephate.

were 1.6, 1.5, and 1.3 times greater average den-
sities of eggs (P < 0.01}, nymphs (P < 0.01), and
adults (P < (.01}, respectively, than cotton plants
irrigated weekly (Table 3). Cotton plants treated
with buprofezin had 4.2, 3.0, and 1.9 times greater
numbers of eggs (P < 0.01), nymphs (P < 0.01),
and adults (P < 0.01), respectively, than plants
treated with fenpropathrin and acthate. Regard-

less of the insecticide materials applied, the lowest

application threshold of 1 adult per leaf provided
significantly greater reductions in eggs, nymphs,
and adults compared with thresholds of 5 or 10
adults per leaf, which generally were not signifi-
cantly different from cone another.

There were significant interactions for irrigation
X insecticide X threshold for eggs (F = 5.2; df =
2, 33; P < 0.03), nymphs (F = 68 df = 2,33, P
< (0.01), and adults (F = 13.4; df = 2, 33, P <
0.01), primarily because of inconsistencies in the
effectiveness of the insecticides used. Therefore,
data for the effects of threshold levels were further
tested separately for each insecticide. As before,
for fenpropathrin and acephate treatments, the
threshold of 1 adult whitefly per leaf provided
greater reductions in eggs (P < (.01), nymphs (P
< 0.01), and adults (P < 0.01), than did threshelds
of 5 or 10 adult whiteflies per leaf. Treatments of
buprofezin provided greater control of eggs (P <
0.05) when applied at a threshold of 1 adult white-
fly per leaf than at 10 adults per leaf, and greater
control of nymphs (P < 0.01) and adults {P < 0.01)
than thresholds of either 5 or 10 adults per leaf.
As in 1993, the numbers of adults found on leaves
increased sharply in the samples collected in late

July (Fig. 2} and attained spray thresholds in 44 of
48 plots. Response to spraying depended upon
thresholds and insecticides used. Overall, the low-
est densities of immature and adult stages in 1994
occurred in plots of cotton irrigated weekly and
treated with flénpropathrin and acephate app?i[ed at
a threshold of 1 whitefly per leaf. A reduction of
=68% in seasonal densities of nymphs per plot, for
example, was achieved by this combination com-
pared with biweekly irrigation and buprofezin ap-
plied at a threshold of 10 adult whiteflies per leaf.

As expected, progressively more insecticide ap-
plications were needed over the season as the ac-
tion threshold was reduced (Table 1). In plots ir-
rigated biweekly, 3, 3, and 2 applications were
needed using action thresholds of 1, 5, and 10
adults per leaf. The overall lower densities of B.
tabact in plots irrigated weekly resulted in a re-
duction of 1 insecticide application at the 2 lower
action thresholds of 1 and 5 adults per leaf. The
plots sprayed with buprofezin received the same
number of treatments as those sprayed with the
fenpropathrin and acephate insecticide because
only the first applications were made on the basis
of adult density. As noted in Materials and Meth-
ods, all subsequent applications for these plots
were made on the basis of adult densities in fen-
propathrin and acephate plots because buprofezin
does not directly affect the adult stage. Finally, the
average density of adults at the time of insecticide
application differed from the action threshold, par-
ticularly at thresholds of 1 and 5 adults per leaf,
For example, the average density triggering a spray
application for thresholds of 1, 5, and 10 adults per
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Fig. 2. Numbers of egps, nymphs, and adults of B. tabaci on short-staple (DPL-50) cotton irrigated weekly or
biweekly and treated with fenpropathrin and acephate or buprofezin applied at action thresholds of 1, 5, or 10 adult
whiteflies per 5th main-stem leaves. Asterisks denote significant differences (P < 0.05) between irrigation regimes,

insecticide type or action threshold for control.

Table 4. Response of pink bollworm (PBW) 1o effects
of irrigation frequency, cultivar, and termination date,
MAC farm, 1993

Total Diapause
Factor PBW/plot F larvae/plot F
: during (df end of (dfy
season * SE season * SE
Irrigation
Weekly 9T+ 1.5 7.32% 126.2 = 36.7 0.98
Biweekly 15324 (1,100 1193257 (1, 8)
Cultivar
DPL-50 13426 0.00 2115 £ 232  36.01%*
Pima S-7 115+x15 (1, 10) 339 72 (1, 4}
Termination
Early — e 139.7 = 36.8 0.01
Late — - 105.8 = 24.7 (L, 8}

* P < 0.05; ** P < 0.01. Sample of 350 bolls per plot during
season, 150 bolls per plot end season, 24 total plots. All insect
densities reported as mean * SE with n = 12,

leaf were 4.8, 8.5, and 10.4 adults per leaf, respec-
tively, for plots irrigated biweekly receiving fenpro-
pathrin and acephate. This result occurred because
we sampled and made spray decisions on a weekly
basis rather than more often.

Pink Bollworm Infestations. In 1993, there
were 1.6 times greater densities of pink bollworms
in bolls from plots irrigated biweekly than from
plots irrigated weekly (P < 0.03) in samples col-
lected during the season (before early and late ter-
mination dates; Table 4}. There was a significant
interaction for irrigation X cultivar (F = 8.65; df
= 1, 10; P < 0.05) because DPL-30 had greater
infestations than Pima S-7 under weekly but not
biweekly irrigations. Late-season hand-dissected
bolls collected 23 October contained 6.2 times
greater numbers of diapause larvae from plots of
DPL-50 than from Pima 8-7 (F = 36.9; df = 1, 4;
P < 0.01). Because no differences in boll infesta-

5,



October 1996

Table 5. Response of pink bollworm (PBW) 10 effects
of irrigation frequency, insecticidal control, and action
thresholds of whitefly infestation, MAC farm, 1994

Total PBW/plot

Factor Treatment during s F
uring season
Main factors
Trrigation Weekly 51.5 +21.7 1.4
Biweekly 57.0 £ 256 (df =1, 33)
Insecticide Fenprofaceph® 385 £ 16.3 6754
Buprofezin 705 + 188 (df =1, 33)
Threshold 1Aeal 480 69b 3.7*
5/eal 56.7 = 6.0a (df =2, 3)
10/1eaf 572+ 48a —
By Insecticide '
Fenpro/aceph? 1eal 288 + 3.9b 7.0%*
5/leal 39.6 = 56ab (df=2,5)
10/leal 471 = 6.1a —
Buprofezin 1Aeal 693+ 86 0.3
5/leal 738 62 (df =2, 5)
10/leaf 673+ 586 —

*, P < 0.05; **, P < 0.01. Sample of 125 bolls per plot, 48 total
plots. All insect densities reported as mean = SE with n = 16-
24, Means followed by the same letter are not significantly dif-
ferent (Tukey studentized range tests, P = 0.05).

@ Fenpropathrinfacephate.

tion were found between DPL-50 and Pima S-7
during the season, we have no explanation for
greater numbers of diapause larvae in bolls of
DPL.-50. There were no significant interactions for
any of the main treatment effects.

In 1994, irrigation scheduling had no significant
effect on pink bollworm infestations but plots
treated with fenpropathrin and acephate {(intended
for whitefly control) had =1/2 as many pink boll-
worms as plots treated with buprofezin (P < 0.01;
Table 5). More frequent spraying at the threshold
of 1 adult whitefly per leaf also significantly re-
duced infestations of pink bollworm (P < 0.03).
There were significant interactions for insecticide
X threshold (F = 3.38; df = 2, 33; P < 0.05) and
irrigation X insecticide X threshold (F = 5.04; df
= 2, 33; P < 0.03) because buprofezin was less
effective than fenpropathrin and acephate at each
threshold. A comparison of insecticide treatments
indicated that increased applications at the thresh-
old of 1 whitefly per leaf with fenpropathrin and
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acephate caused reductions in pink bollworm in-
festations compared with fewer applications for the
threshold of 10 whiteflies per leat (P < 0.01). In-
creased applications of buprofezin did net have an
effect on pink bollworms.

Sweep Net samples. Most of the arthropods
sampled occurred at low densities (<3 per 100
sweeps), and only those for which significant treat-
ment effects occurred are shown (Table 6). In
1993, the density of G. punctipes was greater in
plots of cotton irrigated biweekly, whereas densi-
ties of C. earnea and L. hesperus were greatest in
those irrigated weekly. Plots of Pima 5-7 had more
H. convergens and C. vittatus than plots of DPL-
50. Other arthropods for which there were no sig-
nificant differences, but whose overall average
numbers exceeded 3 per 100 sweeps, were Nabis
spp. {10.0 * 0.6) (mean * SE) and spiders {11.8
+0.9). In 1994, greater numbers of L. hesperus,
P. seriatus, C. vittatus, and spiders were found in
plots irrigated weekly. Arthropods for which there
were no significant differences were G. punctipes
{74 * 03), Nabis spp. (3.6 £ 0.3), O. tristicolor
{5.0 * 0.3), and H. convergens (3.6 = 0.3). There
were no significant differences for any of the other
insect species or combined groups for either year.

Leaf Water Potential. The seasonal average
leaf water potentials (-bars) indicated greater plant
water stress in plots irrigated biweekly than in
those irrigated weeldy (20.1 * 0.30, 18.3 * 017
—bars, respectively, F = 12.2; df = 1, 5; P < 0.05),
and greater water stress in Pima 8-7 than in
DPL-50 plants (20.0 = 0.34, 18.8 * 0.26 —bars,
respectively, F = 30.2; df = 1, 40; P < 0.01). Plants
had lower water stress 3 d following irrigation than
at 7 d and lower stress at 7 d than at 14 d (3 d,
18.2 + 0.20; 7 d, 19.2 = 0.21; 14 d, 22.0 + 0.39;
F = 605, df = 2, 40; P < 0.01; Tukey studentized
range test, P = 0.05). There were no significant

interactions between main factors. These results

indicate that plants irrigated biweekly had greater
plant water stress than those irrigated weekly dur-
ing their additional week between irrigations.
Yield, Sugar Content of Lint, and Fiber Prop-
erties. In 1993, yield of seedcotton was 21% great-

Table 6. Average numbers of indicated arthropods in samples of 100 sweeps per plot for which significant differ-

ences existed, MAC farm, 1993, 1994

Irrigation Cultivar
Year Species Pa Significance
Weekly Biweekly DPL-50 Pima §-7

1993% L. hesperus 200+ 1.7 13311 — e 10.2 0.000
G. punciipes 1.0 +0.7 149x10 — —_ 10.9 0.001
C. carnea 41+05 23x03 — — 16.0 0.000
H. convergens — — 68 =05 11.5+0.8 38.5 0.000
C. vittatus — — 11110 172+ 14 376 0.000

1994% L. hesperus 17212 150+ 1.0 — Co— 52 0.030
P. seriatus 14+02 0901 — 10.4 0.004
C. vittatus 5.5+ 0.4 4404 e — 7.4 0.010
Spiders 8805 75+05 — — 6.0 0.020

@ Factorial analysis of varance (MSTAT-C).

b Average number per plot for 5 sweep net samples collected 24 May-21 June 1993 or 4 samples collected 16 June-6 July 1994.
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Table 7. Effects of irrigation frequency, cultivar, and termination date on seed cotton yields and sugar content

of lint, MAC farm, 1993

Mg sugar/g lint*

Factor Seei coFton, r
gha 92 Sept F df

Irrigation .

Weekly 4,377 + 138 279 4% 034 + 0,03 11.1* 12

Biweekly 3458 + 128 — 0.28 + 0.02 — —
Cultivar

DP50 4,190 = 164 6.8% 0.36 = 0.03 6.8* 1,8

Pima 5-7 3,644 = 183 0.26 + 0.01
Termination

Early 3,963 x 207 0.6 0.31 £ 0.03 0.3 1,4

Late 3,871 £ 175 — 032 +£0.02 — —

F value and degrees of freedom for main factor; *, P < 0.05; **, P < 0.01. Mean £ SE with n = 12,
a Total milligrams of soluble sugar (combined glucose, fructose, sucrose) per gram of lint measured colorimetrically by the methods

of Hendrix {1993).

er in plots irrigated weekly than in those irrigated
biweekly (P < 0.01; Table 7). Also, yield was 13%
greater in plots of DPL-50 than in those of Pima
S-7 (P < 0.05). Irrigation termination date did not
have a significant effect on yields, and there were
no significant 2-way interactions (P > 0.05). Anal-
ysis for soluble sugars {glucose, fructose, and su-
crose) in lint samples collected 22 September in-
dicated greater sugar content in cotton from dplots
irrigated weekly (P < 0.05). DPL-50 lint had sig-
nificantly more sugar than did Pima 5-7 lint (P <

0.05). There was no effect of termination date on
the sugar content of lint,

In 1994, yield of seedcotton was 8% greater in
plots irrigated biweekly compared with those irri-
gated weekly (P < 0.01, Table 8). Yield in plots
treated with fenpropathrin and acephate was 16%
%reater than yield from plots treated with bupro-
ezin (P < 0.05). Plots that were treated at a
threshold of 1 adult whitefly per leaf had 10%
greater yield than plots treated at 5 adults (i)er leaf
and 16% greater yield than plots treated at 10

Table 8. Effects of irrigation frequeney, insecticidal control, and action thresholds for initiating control for B.
tabaci on lint yields, stickiness and sugar content of lint, MAC farm, 1994

Seed Sticki- Sticki- My sugar/e linte
Factor cottan, F ness®, F ness?, F g 1 gg Aug ’ F . df
kg/ha 19 Aug. 31 Aug. = AUg:
Main factors
Irrigation
Weekly 3325 + 91 12.3%* 24+ 0.7 14 3706 1.8 0.52 + 0,05 9.6+ 1, 33
Biweekly 3,599 + 111 — 3.7+£09 — 49 08 — 0.73 + 0.06 — —
Insecticide
Fenprofacephd 3,712 = 108 27.8x* 28+07 - 03 4.1 £ 0.6 0.2 0.59 = 0.06 1.0 1, 33
Buprofezin 3211+ 72 —_ 3409 —_ 45 08 — 0.66 = 0.06 - —_
Threshold
1leaf 3,749 £ 169a 14.1%* 1.5x04 2.0 3.0*+04 2.2 0.56 £ 0.07 1.0 2,33
5/eaf 3416 + T2b — 38x12 — 45+ 08 — 0.64 = 0.08 — —
10/1eaf 3,222 = QOb —_ 39+1.1 — 5413 — 0.68 = 0.09 — —
By insecticide
Fenpro/aceph?
Neaf 4225 + 173a 26, 1%* 1507 14 34*+06 0.4 0.40 £ 0.07a 5.8% 2,15
5/leaf 3,500 = 46b _ 42+18 —  46=14 — 062 *00%ab — —
10/teaf 3,323 + 145h — 2509 — 44*11 _— 0.76 + 0,13b —_ —
Buprofezin
Neaf 3,283 = 166 0.7 1505 22 26 x06 3.4 0.73 £ 0.09 1.1 2, 15
5Aeaf 3,243 * 108 — 34=*+1.8 44 x 1.1 — 0.66 * 0.09 — —
10/leaf 3,120 = 103 — 533+21 — 6520 —_ 0.58 + 0.12 — —_—

* P < 0.05; **, P < 001, Mean + SE with n = 16-24. Means with the same letter are not significantly different (Tukey studentized

range test, P = 0.05).

4 Thermo-detector readings 2 wk before defoliation,
b Thermo-detector readings after defoliation.
© Total milligrams of soluble sugar (combined glucose, fructose, sucrose) per gram of lint measured colorimetrically by the methods

of Hendrix {1993).

4 Fenpropathrinfacephate.
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adults per leaf (P < 0.01). Further analysis com-
paring thresholds within the 2 classes of insecticide
treatment indicated that for fenpropathrin and
acephate treatments, a threshold of 1 adult white-
fly per leaf produced 18 and 27% greater yield
than thresholds of 5 or 10 adults per leaf, respec-
tively (P < 0.01). However, threshold did not have
an effect on yield when buprofezin wis applied.
Lint percentages derived from microginning
samples of machine-picked seedcotton were great-
er for fenpropathrin and acephate than for bup-
rofezin (41.14 * 0.14 compared with 4064 =
0.09%, respective]y; F=84;df =1, 30; P < 0.01),
but there were no other treatment effects. Sticki-
ness tests of cotton lint obtained 19 August and
repeated 31 August following final irrigations on
12 August indicated no significant effects for any
of the treatments {range 2.6-6.5). Thermodetector
readings of <5 are considered to be uncontami-
nated lint {readings of 5-30 are increasingly sticky;
Brushwood and Perkins 1993, Perkins and Brush-
wood 1995), thus none of the lint from our 1994
test was sticky by this scale. Soluble sugar tests
indicated <1 mg/gm of lint (a noneconomic con-
centration; 3. Hendrix, personal communication)
in all treatment samples. There was 29% greater
sugar in samples from plots irrigated biweekly than
weekly (P < 0.01) andp 35 and 47 % greater sugar
content in lint from samples treated with fenpro-
pathrin and acephate at 5 or 10 adults per leaf,
respectively, compared with 1 adult per leaf (P <
0.05). In aggregate, these tests of stickiness and
sugar content generally did not indicate significant
treatment effects or economic levels of sugar con-
tamination in 1993 and 1994 tests. :
Significant treatment effects on fiber qualities
were found primarily between cultivars in 1993
(because of fundamental differences in short- and
long-staple cottons) and between irrigation treat-
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ments in 1994 (Table 9). Micronaire, a measure of
fiber fineness, was greater in cotton irrigated bi-
weekly in both 1993 (P < 0.03) and 1994 (P <
0.01). Micronaire ratings of up to 5.0 as found in
all tests are acceptable, but lower ratings are de-
sirable. In 1993, Pima S-7 had greater fiber length
(P < 0.01), lower elongation (a measure of fiber
stretch under tension; P < 0.01) and greater fiber
strength (P < 0.01) than DPL-50. There was a si%—
nificant interaction in the fiber length test for cul-
tivar X irrigation {F = 5.38; df = 1, 12; P < 0.05}
because lengths for both cultivars were numeri-
cally longer under weekly irrigation but were dis-
proportionately shorter for DPL-30 under biweek-
ly irrigation.

In 1994, weekly irrigation, in addition to re-
duced micronaire, resulted in greater elongation (P
< 0.01) and lower fiber strength (P < 0.01). There
was a signiﬁcant interaction for irrigation X insec-
ticide in micronaire (F = 448, df = 1, 36; P <
0.05) because the effect of insecticide treatments
depended on the irrigation treatment under which
they were applied. There were no other significant
interactions in any of the fiber quality tests. In ad-
dition, fiber strength was greater from cotton treat-
ed with fenpropathrin and acephate compared
with buprofezin (P < 0.01), although none of the
fibers met the desirable strength of 200 mN/tex or
greater. In this experiment, fiber length was less
affected by environmental factors than were the
other fiber qualities. All the fiber qualities for the
various treatments were economically acceptable.

Discussion

Leigh et al. (1974) found greater total numbers
of arthropods, including L. hesperus, in cotton
maintained under wet conditions. Lygus bugs are
well established as more severe pests of well-wa-

Table 9. Fiber tests in which significant effects occnrred, MAC farm, 1993, 1994

Year Factor Treatment Mean = SE F
1993 Micronaire Weekly 4.53 * 0.08 5.26%
Biweekly 4.73 + 0.08 (df=1,12)
DPL-50 4.83 = 0.05 10.95%*
Pima §-7 4.43 + 0.07 (dif=1,4)
Length, mm DPL-50 28,49 + 0.20 200,734k
Pima §-7 33.78 + 0.21 (df =1, 4)
% elong‘dti(m DPL-50 908 £0.14 68.45%*
Pima §-7 7.54 £ 0.11 (df=1, 4)
Strength, mNAex DPL-50 168.57 = 1.69 12,107.64**
Pima §-7 305.58 £ 2.38 (df =1, 4)
19942 Micronaire Weekly 4,62 *0.04 18.04**
Biweekly 500 + 0.04 (df =1, 36)
% elongation Weekly 7.93 > 0.08 44 13+*
Biweekly 7.52 = 0.05 (df =1, 38)
Strength, mN/tex ‘Weekl 169.16 * 141 28.82%*
Biweeily 178.85 = 1.37 (df = 1, 36)
Fenpro/aceph? 177.29 = 1.58 13.22%*
Buprofezin 170.72 = 1.57 (df =1, 36)

* P < 0.05; **, P < 0.01. Mean * SE, n = 12 (1993}, n = 24 (1994).
# There were no significant treatment effects for fiber length in 1994; test average Aber length was 29.15 * 0.43 mm.

& Fenpropathrin/acephate.
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tered cotton (Zwick 1985, Leggett 1993), and our
results confirm this finding. Survey for lygus bugs
by sweep net sampling or assessing square damage
is simple, and control is obtained with a variety of
insecticides {Ellsworth et al. 1994), many of which
are also suitable for pink bollworm. Previously, we
found larger numbers of diapause pink bollworms
in cotton irrigated weekly compared with that ir-
rigated biweekly (Flint et al, 1994). However, our
current results indicate greater numbers of pink
bollworms in cotton irrigated biweekly during the
1993 season and no difference because of irriga-
tion frequency in 1994, Thus, there is no consistent
conclusion from our data for the effects of irriga-
tion frequency on pink bollworm abundance.

Buprofezin, a chitin inhibitor affecting imma-
ture insects only (primarily Homoptera), was the
most effective of 11 insecticides tested for control
of immature B. tabaci on the MAC farm in 1994
(Akey and Henneberry 1995). We used the same
rate of active ingredient in the 1994 test, but our
applications were made by using methods used by
growers. These methods do not provide the cov-
erage obtained by Akey and Henneberry (1995)
because of fewer spray nozzles per row, lower op-
erating pressure, and less total spray apFlied per
hectare. Our insecticide combination of fenpro-
pathrin (synthetic pyrethroid) and acephate {or-
ganophosphate) is a widely used and recommend-
ed treatment (Dennehy et al. 1995a) for whiteflies
and is still effective in most areas of the Southwest
using current grower practice methods. We note
that recommended use of mixes containing pyre-
throids begins at a threshold of =5 adult whiteflies
per leaf turn (Ellsworth et al. 1994, Dennehy et al.
1995b).

Weekly irrigation provided relatively small
changes in leaf water potential compared with bi-
weekly irrigation in our current study. For exam-
ple, leaf water potentials at 7 and 14 d for DPL-50
irrigated biweckly averaged 9 and 17% lower than
the leaf water potential in those irrigated weekly
at 7 d. However, these differences in 1993 were
associated with reductions in the abundance of
eggs, nymphs, and adults of =60% in cotton irri-
gated weekly compared with that irrigated biweek-
ly. However, Pima §-7 had significantly greater
plant water stress during the season than DPL-50
vet had significantly fewer eggs, nymphs, and
adults of B. tabaci. Thus, cultivar also influences
infestation, with Pima S-7 inherently having lower
rates of infestation than DPL-50 in our 1993 test.
In 1994, cotton irrigated weekly averaged ~30%
reduction in whiteflies compared with cotton irri-
gated biweekly. We have previously shown similar
reductions in eggs and nymphs for cotton irrigated
weekly compared with that of biweekly (Flint et
al. 1994). Our previous (Flint et al. 1994) and cur-
rent studies show these reductions are caused by
fewer adult whiteflies on leaves rather than lower
survival rates for immature forms as suggested by
Mor (1987). Mor et al, {1982) first noted increased
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numbers of immature B. tabaci on water-stressed
cotton in Israel and suggested that avoiding cotton
plant water stress in August could serve as a cul-
tural control method (Mor 1986). These reductions
in whiteflies also can be achieved by midseason
supplemental irrigations timed to coincide with
bo'i)lpdevelopment or daily drip irrigation (Flint et
al. 1995).

In our 1993 and 1994 tests, we used 42 and 25%
more water, respectively, on cotton irrigated week-
ly than biweekly (32% more water in 1992 tests;
Flint et al. 1994). This increase in irrigation water
represents a sizable investment, particularly in ar-
eas where water is scarce. Greater water use may
not be necessary to achieve reductions in whiteflies
(Flint et al. 1995). In 1993, weekly irrigation re-
sulted in 919 kg/ha greater seedcotton vield, but
in 1994, weekly irrigation resulted in a loss of 274
kg/ha of seedcotton compared with biweekly irri-

ation (overall yields in 1994 were lower than in
1993). The reason for the 1994 loss is not readily
apparent. We suggest that greater numbers of ly-
gus bugs in cotton irrigated weekly and a single
application of insecticide for their control in 1994
(compared with 2 applications in 1993) may have
resulted in midseason loss of squares {cotton flow-
er buds) because of their feeding. The earlier ter-
mination of the 1994 crop on 12 August (versus 27
August-10 September in 1993} did not permit
late-season plant growth to compensate for any
earlier loss of squares.

Our results in 1994 demonstrated that reducing
water stress through more frequent irrigation can
lower the number of insecticide applications for
suppression of B. tabaci densities. Using action
thresholds of 1 and § adults per leaf, we were able
to eliminate 1 spray application in plots irrigated
weekly in comparison with those irrigated biweek-
ly. However, given the logistical problems which
did not permit us to put equal amounts of water
on both weekly and biweekly plots over the season,
the extra cost of water used in the weekly plot like-
ly offsets the savings in insecticide cost. Previous
results {noted above; Flint et al. 1995} suggest that
reductions in whitefly densities can be achieved
with equal but better-timed applications of water.
Thus, it is possible that savings in insecticide costs
could be significant.

The action threshold at which we initiated in-
secticide applications had a significant effect on
both densities of B. tabaci and on cotton yields,
especially when using fenpropathrin and acephate
for control. The cost of better insect control using
an action threshold of 1 adult per leaf was an ad-
ditional 2-3 sprays in comparison with that of 5 or
10 adults per leaf. However, this additional outlay
resulted in average yield increases of 333 or 527
ke/ha of seedcotton over the thresholds of 5 or 10
adults per leaf, respectively. Unfortunately, there
are several factors that complicate the interpreta-
tion of which threshold is operationally best for
management of B. tabaci. Most significant is the
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problem of multiple pest impact. L. hes;pems was
consistently present d?lﬁng both years of our study.
In 1994, we treated all our plots for this pest on 6
July; however, it is very likely that our lst appli-
cation of fenpropathrin and acephate on 12 ]uIl)y in
the plots of 1 adult per leaf threshold provided
additional control of lygus bugs. The first applica-
tions for B. tabaci in the plots with 5 and 10 adults
per leaf were not made until at least 2 wk later.
This additional lygus bug control in the former
Elots coincided with flowering and the 1st set of
olls and may have played a significant role in the
larger yields observed. A simi%;r;- pattern was ob-
served by Ellsworth and Meade (1994) at the same
field site. They reported that control of lygus bugs
by pyrethroid combinations first applied for control
of B. tabaci at a threshold of 1 agnlt per leaf on
10 July significantly enhanced yields in comparison
with plots in which whitefly control was initiated
later (21 July or 10 August) at thresholds of 10 or
25 whiteflies per leaf.
An additional factor that makes interpretation of
our action thresholds difficult was the difference
between the target threshold (1, 5, or 10) and the
actual density at which treatments were made (see
Table 1). As previously noted, this was caused by
weekly sampling and decision-malking for pest con-
tral, which is a typical grower practice. The cur-
rently recommended action threshold for cotton in
Arizona is 5 adults per leaf (Ellsworth et al. 1995).
Weekly sampling is suggested; however, once den-
sities approach the threshold more frequent sam-
Fling is recommended. Thus in practice, there is
ess chance of exceeding the intended threshold as
we did in our study. In reality, our lowest B. tabaci
densities and highest yields were associated with
average action thresholds of 2.9 and 4.8 adults per
leaf, respectively. These results compare favorably
with several recent studies. Based on studies relat-
ing pest density to maximal yield, Chu et al. (1994)
reported an action threshold of 4.1 adults per leaf.
Further, results from a regional study over 3 states
suggested that densities of B. tabaci and associated
lint yields did not differ when using action thresh-
olds of 2.5, 5, or 10 adults per leaf (Naranjo et al.
1996),
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