and McMurtry, 1971). All five concen-
trations of sodium hypochlorite tested
produced axenic mites at all three treat-
ment durations. There were no signifi-
cantdifferences between treatments with
respect to surface disinfestation of mites.
No differences in mite disinfestation
were observed with the different time
and concentration treatments. How-
ever, the higher concentrations of so-
dium hypochlorite and longer time pe-
riods were more lethal to the mites.

A modified version of the slip-dip
technique was used to confirm mortal-
ity levels. Highly significant differences
in mite mortality were observed be-
tween time and concentration treat-
ments. Significant differences were not
observedin the interaction response. All
three time periods differed from each
other significantly (Table 1). As the
time in the sodium hypochlorite con-
centrations increased from 5 to 15 min,
mite mortality increased. A linear re-
sponse was observed for time; as time
increased mite mortality increased (Fig.
2). The percentage of mite survival also
decreased as the sodium hypochlorite
concentration increased from 0.05 to
0.25%. The concentration having 0.05%
sodium hypochlorite differed signifi-
cantly from the rest of the concentra-
tions having the highest survival rate. A
linear response was observed with con-
centration and survival; the higher the
concentration of sodium hypochlorite,
the higher the mite mortality (Fig. 3).
Croughan and Quisenberry (1989) re-
ported of similar reladonships when
working with fallarmyworm ( Spodoptera
Sfrugiperda ] E. Smith).

From the results of this study, we
conclude that the concentration of 0.05%
sodium hypochlorite and 0.05% Tween-
20 foratime period of 5 min isadequate
for surface sterilization of mites without
causing excessive mortality of mites be-
fore they are introduced in vitro. The
technique allows surface-disinfested
mites to be introduced into culture.
Once this is accomplished, plant mate-
rial can be evaluated for resistance,
thereby offering the ability to evaluate
plant material in vitro and possibly re-
ducing considerable time, space, and
expense as opposed toafield evaluation.

Most of the progress in the area of
plant resistance to insects has been due
to conventional insect evaluation and
plant breeding techniques. In the fu-
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ture, accurate and economical tech-
niques of plant and insect evaluations
developed from biotechnology will
prove useful as molecular plant tech-
nologies are developed for use in crop
protection. However, problems inher-
entin the development of resistant cul-
tivars will most likely follow the devel-
opment of resistant cultivars, whether
by conventional or transgenic means.
New techniques to identfy plant resis-
tance to insects using all available tech-
nologies will be a main element of fu-
ture crop insect pest management sys-
tems.
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Seeding
Uniformity of
Precision
Seeders
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ApDITIONAL INDEX WORDS. seeding, seed
metering, planters, cabbage, carrot,
cucumber, onion, spinach

SummaRry. Stanhay, Carraro, and
Gaspardo precision vegetable seeders
were evaluated for seeding uniformity
with seeds of five vegetable crops—
cabbage (Brassica oleracen L. Capitata
group), carrot (Daucus carota L.),
cucumber ( Cucumis sativus L.), onion
(Allium cepa L. Cepa group), and
spinach (Spinacia olevacea L.). Five
measurements [mean, percentage of
misses, percentage of multiples,
quality of feed, and precision (defined
as the coefficient of variation after
misses and multiples were discarded)]
were used to evaluate seeder unifor-
mity. Using all five measurements
provided a more complete determina-
tion of the metering uniformity of the
seeders than was possible in prior
work when only mean and coefficient
of variation were used. The belt
seeder (Stanhay) was effective at
singulating spherical sceds (cabbage)
and nearly spherical seeds (onion)as
the most precise vacuum seeder
(Carraro). Seeding uniformity of all
seeders with elongated (carrot and
cucumber) or angular (spinach) seeds
was inadequate for precision seeding.

eed spacing uniformity is
very important when direct-
seeding vegetable crops. Plant

spacing can affect growth and yield
(Thornley, 1983; Willey and Heath,
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1969), and plant spacing uniformity
begins with seed spacing uniformity.
Quantifying seed spacing uniformity is
challenging, and a number of mea-
sures including mean and standard
deviation of spacing between plants,
percent of multiples and misses, and
scores based on indexed values have
beenused (Kachman and Smith, 1995).

Kachman and Smith (1995) com-
pared alternative measures of accuracy
in seed placement for planters and,
based on the theoretical seed spacing,
recommended using four measures for
evaluating seeding uniformity. Their
recommended measures (based on
International Organization for Stan-
dardization, 1984) included multipie
index (MULT), miss index (MISS),
quality of feed index (QFI), and preci-
sion (PREC). MULT indicated mul-
tiple seed drops and was the percent-
age of seed spacings that were less than
or equal to one-half of the theoretical
seed spacing. MISS indicated missed
seed locations or skips and was the
percentage of spacings >1.5 times the
theoretical spacing. QFI indicated
single seed drops and was the percent-
age of spacings that were more than
half but no more than 1.5 times the
theoretical spacing: QFI was an alter-
native way of presenting the informa-
tion contained in MISS and MULT.
PREC was the coefficient of variation
ofthe spacings after omitting the missed
and multiple seed drops (outliers).
PREC was a measure of the uniformity
of spacings classified assingles, whereas
MULT, MISS, and QFI were mea-
sures of singulation or lack thereof. A
more complete discussion of these
terms and examples of calculations are
given by Kachman and Smith (1995).

Although the mean and cv have
been used in research publications to
describe spacing uniformity (Bracy et
al., 1993, 1995; Hudspeth and
Wanjura, 1970; Parish, 1972, Parish
et al.,, 1991; Wilkins et al., 1992),
Kachman and Smith (1995) judged
the mean and cv as inappropriate mea-
sures of seeder accuracy. The mean
does not reflect variation in spacing,
and cv does not identify the types of
nonuniformity (¢.g., misses, multiples,
or nonuniform basic spacing).

Parish etal. (1991) used the mean
and cv to quantify the uniformity of
seed spacing of belt and vacuum preci-
sion seedersin the laboratory. Parish et
al. (1991) reported that a belt-type
seeder resulted in the most uniform
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sced spacing of spherical seed (cab-
bage), but spacing of elongated seeds
(cucumber) was more uniform with a
vacuum seeder.

The objective of this study was to
evaluate the sceding accuracy
(singulation and spacing uniformity)
of three precision seeders (previously
reported by Parish et al., 1991) using
the measures of accuracy as described
by Kachman and Smith (1995).

Materials and methods

Spacing measurements of five veg-
etable crops (cabbage, onion, spinach,
carrot, and cucumber) from three seed-
ers (belt-type Stanhay model S870,
Hestair Farm Equipment, Suffolk,
England; vacuum-type Carraro model
Omega Mark 4, Carraro,
Campodarsego, Italy;and vacuum-type
Gaspardo SV255, QGaspardo,
Pordenone, Italy) were used in this
study. The seeders were operated over
a20-ft (6-m) greased board ata ground
speed of 1.5 mph (2.4 km-h™') with
seed spacing measurements recorded
over a center distance of 10 ft (3 m).
The board was coated with grease to
prevent seed bouncing and to retain
exactplacementofthe seed. Seed spac-
ings from four replications of cach
combination of seeder and seed were
recorded.

The seed spacings were analyzed
using the methods (MULT, MISS,
QFI, and PREC) described by
Kachman and Smith (1995). Accept-
able QFI values with precision seeders
were established at >285%, indicating
that 285 of every 100 drops were
singulated seed. Researchers have in-
dicated that >95% accuracy with agro-
nomic planters, indicating the meter-
ing accuracy (ACCU) to be within 5%
of the theoretical seeding population
(Bateman, 1972; Halderson, 1983;
Synder and Hummel, 1985). ACCU,
like the mean, indicates total seed
metering but does not measure
singulation. Precision seeders for veg-
etables should have at least as much, if
not more, accuracy as typical agro-
nomic planters (Parish, 1972).

Kachman and Smith (1995) re-
ported a practical upper limit of 29%
for the value of PREC, since a 29%
value would be obtained with any ran-
dom scattering of seeds within the
target range. An acceptable PREC for
seced measurements taken in the lab
should fall below 10%, which would
mean that the standard deviation of

spacings within the target region would
be £10% of the theoretical spacing.

Although not considered a valid
measure of uniformity by Kachman
and Smith (1995), the mean is the
only measure that a grower has to
readily determine seeder performance.
It was included to illustrate fallibility
of the typical seeder calibration checks
(catching the seed while the drive tire
is rotated) for determining seeding
uniformity of the seeder.

MISS, MULT, QFI, and PREC
were analyzed using the GLM statisti-
cal procedure and the mean was calcu-
lated using PROC MEAN procedure
(SAS, 1995).

Results and discussion

CaBBAGE. The Stanhay and
Carraroseeders had an equivalent num-
ber (15% and 13%, respectively) of
MISS, but no multiple drops were
recorded with the Stanhay compared
with 13% with the Carraro and 16%
with the Gaspardo (Table 1). Asignifi-
cantly higher number of MISS was
recorded with the Gaspardo (39%) than
with the other sceders. Because sced-
ing uniformity of cabbage seed was
good with the Stanhay and Carraro
seeders, the mean was very close to
theoretical spacing for these two seed-
ers. The QFI values with the Stanhay
and Carraro (85% and 74%, respec-
tively) were higher than with the
Gaspardo (45%), indicating better
singulation with the Stanhay and
Carraro.

The seed spacing uniformity of
cabbage within the targetregion (after
misses and multiples were removed)
was more uniform with the Stanhay, as
indicated by 7% PREC compared with
21% PREC obtained with the Carraro.
The belt seeder (Stanhay) metered
cabbage seed more uniformly than ei-
ther of the vacuum seeders (based on
the low percentage of MISS, no mul-
tiple seed drops, and higher PREC).
Since cabbage seed was the most spheri-
cal seed used in this study, seed spacing
uniformity was expected to be better
than for the other vegetable seed (Par-
ish et al., 1991). If uniformity of the
seeders was not good with cabbage
seed, better seeding uniformity was
notexpected with the otherless spheri-
cal seeds.

OnioN. The QFI with the Stanhay
(85%) was similar to the Carraro (76%)
but significantly higher than with the
Gaspardo (34%) (Table 1). The Stanhay
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had a higher percentage of MISS than
the Carraro, but multiple seed drops
were nil with the Stanhay. PREC with
the Stanhay (8%) was significantly lower
than with cither vacuum seeder (21%),
indicating good sced spacing unifor-
mity within the target area. Mean val-
ucs were less than theoretical seed
spacing with the Carraro and greater
than theoretical with the Stanhay and
the Gaspardo seeders. Since the onion
seed was nearly spherical but angular,
seeder uniformity was expected to be
better with the vacuum seeders than
with the belt sceder (Parish et al.,
1991); but results here indicate that
better seeding uniformity occurred
with the belt seeder.

SpiNacH. Even though the spin-
ach seed was non-spherical and angu-
lar, the percentage of missing seed
(MISS) was low with the Stanhay and
Carraro, and the percentage of MULT
was equivalent with all three seeders
(Table 1). QFI ranged from 71% for
the Gaspardo to 88% for the Carraro.
The mean was close to the theoretical
spacings for all seeders. Seed spacing
uniformity within the target range
(PREC)was unacceptable with all sced-
ers (217%).

CaRrRoOT. Sceding uniformity was
poor with all seeders when seeding
elongated carrot seed (Table 1). MISS

was no greater than 11% for all seeders,
but the lowest percentage of MISS was
recorded with the Stanhay (1%) and
Gaspardo (6%). All of the seeders had
a high number of multiples, but the
Stanhay seeder had a greater percent-
age of MULT than the vacuum seced-
ers. The excessive multiples with the
Stanhay were due to using round holes
in the seed belt to meter elongated
seed. Selecting a hole size to accom-
modate the long dimension of the
elongated seeds resulted in multiple
secds per drop. Although significant
differences occurred in the QFl among
seeders, QFI values (252%) were too
low to be acceptable for precision seed-
ers. Spacing within the target range
(PREC) was better for the Stanhay
than for the vacuum seeders but unac-
ceptable with all seeders (=18%). The
performance of the two vacuum seed-
ers with carrot seed was similar except
for a higher QFI with the Gaspardo.
The mean was considerably less than
the theoretical spacing with all sced-
ers.

CucuMBER. Sceding uniformity
of flat, elongated cucumber seed and
elongated carrot seed was similar. Per-
centage of MISS was low and percent-
age of MULT was high with the
vacuum seeders. Because multiple elon-
gated seeds filled each round hole in

Table 1. Seeding uniformity of three precision seeders with five vegetable seeds.

the metering belt, the percentage of
MULT was very high with the Stanhay.
QFI was better with the vacuum seed-
ers than with the belt seeder, but no
QFTI was as high as would be desired
with precision seeders. Although the
Stanhay spaced seed within the target
arca better than the vacuum seeders,
PREC was unacceptable for all seed-
ers. Due to the large number of mul-
tiple seced drops, the mean was less
than theoretical for all seeders.

These results augmented results
in an ecarlier study by Parish et al.
(1991), who relied on the mean and
cv to analyze seeding uniformity. Par-
ish et al. (1991) reported that the
Stanhay belt seeder sceded spherical
sced (cabbage) more uniformly than
the vacuum seeders, but the seeding
uniformity of vacuum seeders was
greater than the belt seeder for elon-
gated cucumber seed. No difference in
seeding uniformity of carrot was dis-
cerned among secders. Results were
mixed on the seeder uniformity with
onion and spinach. Using the criterion
proposed by Kachman and Smith
{1995), a more discriminating analysis
was possible, and areas of
nonuniformity were identified.

Price and Taylor (1994 ) reported
that snap bean seedling emergence
revealed a large tendency for the

Seed Theoretical Measures®
type and spacing Mean MISS MULT QFI PREC
seeder inches (mm) inches (mm) (%) (%) (%) (%)
Cabbage
Stanhay 3.5 (89) 3.7 (94) 15 b¥ 0b 85a 7¢
Carraro 2.4(61) 2.4 (60) 13b 13a 74a 21b
Gaspardo 3.5 (88) 4.5 (114) 39a 16 a 45b 26a
Onion
Stanhay 3.1(79) 1.9 (49) 15b 0b 85a 8b
Carraro 3.1(79) 1.9 (49) 5¢ 19a 76 a 2l a
Gaspardo 3.0(77) 3.5 (88) 50 a 16 a 34b 2l a
Spinach
Stanhay 1.6 (41) 1.3 (34) 7b 16 a 77 ab 17 b
Carraro 1.9 (48) 1.6 (42) 2b 11 a 88 a 17 b
Gaspardo 3.0(77) 3.2 (80) 16a 14a 71b 23a
Carrot
Stanhay 1.9 (48) 0.6 (14) lb 79 a 20 ¢ 18b
Carraro 1.9 (48) 1.3 (33) 11a 48 Db 41 b 26a
Gaspardo 1.9 (48) 1.1(29) 6 ab 41 b 52a 25a
Cucumber
Stanhay 12.0 (305) 4.4 (112) 1b 65 a 34b 13b
Carraro 6.0 (152) 5.0 (128) 4 ab 19b 77 a 19a
Gaspardo 6.0 (152) 5.6 (141) 11a 19b 69 a 23a

"MISS = missed seed locations (skips), MULT = multiple seed drops, QFI = quality of feed index (single sced drops), PREC = precision (variation of the spacings within rarget

range).

¥Means within a group followed by same letter are not significantly different at 2= .05 by Duncan’s multiple range test.
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vacuum seeders tested to drop mul-
tiple seeds, with less errors made in the
form of misses or skips. Visual observa-
tion by the authors of the vacuum
plates during operation of the vacuum
seeders indicated that the seed was
being singulated with few misses and
multiples. The loss in uniformity must
have occurred as the plate rotated down
to the release point, with seed not
being released or being released errati-
cally, resulting in nonuniform spacing.
Further testing must be done to pin-
point where precision is being lost
with the vacuum seeders.

Conclusions

The Stanhay belt seeder uniformly
seeded spherical (cabbage) and nearly
spherical (onion) seeds but could not
singulate elongated seeds (carrot and
cucumber) as well as the vacuum seed-
ers. Although the vacuum seeders sin-
gulated elongated seed better than the
belt seeder, none of the sceders singu-
lated or spaced cucumber and carrot
sced adequately. Seeding uniformity
of all seeders with spinach seed was
also insufficient.

The belt seeder had the lowest
PREC value with all seeds tested, indi-
cating that the belt seeder was more
effective than the vacuum seeders at
spacing the seeds uniformly within the
targetarea when outliers were removed.
Evaluating the data using Kachman
and Smith’s (1995) criteria cast doubt
on our previous assumptions that
vacuum seeders were effective at seed
singulation and precision seed spac-
ing.

QOverall, the belt seeder was the
most uniform and precise of the seed-
ers tested. Seeding uniformity of the
belt seeder was good when seeding
spherical and nearly spherical seed.
When seeding elongated or angular
sceds with the belt seeder, multiple
seed drops and reduced seed spacing
uniformity should be expected.
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Biorational
Pesticides for
Controlling
Arthropod Pests
and their
Phytotoxic Effects
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ADDITIONAL INDEX WORDS. greenhouse
pests, horticultural oils, insecticidal

soap, neem extract (Margosan-O and
Azatin), phytotoxicity, plant growth

Summary. Horticultural oil and insecti-
cidal soap were as effective as conven-
tional insecticides and miticides in
controlling a variety of sap-feeding insects
and mites on common greenhouse crops.
Neem extract (Margosan-O or Azatin)
was less consistent and provided interme-
diate to good control of a variety of sap-
feeding insects and mites on common
greenhouse crops. Except for purple heart
(Setcveasen purpurea K. Schum. &
Sydow) and wax ivy (Hoya carnosa R.
Br.), repetitive sprays of horticultural oil,
insecticidal soap, and neem extract
(Azatin) did not seem to cause any
noticeable phytotoxicity or effect the
growth of 52 species or cultivars of
bedding plants and 13 species of foliage
plants examined in this study. Repetitive
sprays of horticultural oil and insecticidal
soap significantly affected plant height
and final quality of some poinsettia
cultivars evaluated in this study.
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