Table 1. Effect of combinations of magnesium and copper on the growth”
of Xanthomonas campestris pv. vesicatoria in vitro.

Copper sensitive strain Copper resistant strain

Magnesium (ppm)

Copper
(ppm) 0.25 2.5 25 0.25 2.5 25
0.0 617 49 25 49 181 285
0.317 58 104 186 44 173 262
1.0 20 51 112 55 114 324
3.17 9 7 37 54 132 351
10.0 8 7 9 30 90 266

*Expressed in optical density units, O.D. x 103, 1 cm light path at 625 nm.
YLSD, 5% level for within table means: copper sensitive strain = 32;
copper resistant strain = 74.

inferior due to a Cu deficiency while 1, 3.17 and 10 ppm
Cu were inhibitory to XCV growth. With 25 ppm Mg, 0
ppm Cu was again inferior in XCV growth support to
0.317 ppm Cu, the best Cu level; higher Cu levels inhibited
growth.

The Cu resistant XCV did not respond differentially to
Cu levels at the 0.25 ppm Mg level which was below the
optimum for Mg nutrition. With 2.5 ppm Mg, a growth
inhibition to Cu was expressed at 10 ppm Cu relative to 0,
0.317 ppm Cu but not at the other levels. With 25 ppm
Mg, the 3.17 ppm Cu level produced the most growth of
XCV while the lower levels of Cu appeared to be too low
for XCV response; 10 ppm Cu was slightly inhibitory.

The Cu-sensitive XCV strain apparently represents a
biotype that is more responsive to Cu than the resistant
strain since the sensitive strain was affected more by very
low as well as moderate and high levels of Cu. The Cu-re-
sistant strain was little affected over a relatively wide range
of Cu. The sensitive strain, due to its greater requirement
for Cu could also be termed Cu-inefficient.

The sensitive strain receiving 25 ppm Mg grew better
with 0.317 than 0 ppm added Cu, possibly reflecting an
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induced Cu deficiency. With 0.25 and 2.5 ppm Mg, Cu
reduced growth at 3 levels, namely 1.0, 3.17, and 10.0 ppm
Cu. At 25 ppm Mg, however, growth was reduced only at
3.17 and 10 ppm Cu. The Cu-resistant strain did not re-
spond very much to Cu at 0.25 ppm Mg because Mg supply
limitations produced a relatively standard growth rate;
there was, however, a slight suppression at 10 ppm Cu, the
highest level. With 2.5 ppm Mg the highest Cu level, 10
ppm, suppressed growth. At 25 ppm Mg there appeared
to be interactions that produced best growth at 3.17 ppm
Cu with significant growth reductions at 0.317 and 10.0
ppm Cu.
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Abstract. Common nightshade ( Solanum americanum Mill.)
plants were sprayed with paraquat (1, 1-dimethyl-4, 4-
bipyredinium) at 0.0, 0.25, or 0.50 lb./acre after being
treated with a cupric hydroxide fungicide 3 times per week

Florida Agriculture Experiment Station Journal Series No. 8633.

222

for 0, 1, or 2 weeks. Abscission of leaves from plants treated
with either rate of paraquat was greater when no Cu fun-
gicide was applied. The nightshade showed increased re-
growth when the Cu fungicide was applied for two weeks.

Common nightshade is a serious weed problem in
Florida tomato production. It is difficult to control with
selective herbicides in crops such as tomato (Lycopersicon
esculentum Mill.), pepper (Capsicum annuum, L.), and
eggplant (Solanum melongena 1..) because of similar physiol-
ogy and close genetic relationship. Yield losses in tomato
have been documented due to increasing interference
from nightshade species (5). The use of soil fumigation
and polyethylene mulch in vegetable production has elimi-
nated most weeds from the surface of raised beds. Weed
control in the row middles is still a significant problem.
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For several years growers in southwest Florida have
reported what they believed to be the development of resis-
tance to paraquat by nightshade. Originally some believed
this resistance to be the result of nightshade plants being
hardened by cold or other stresses (3). In experiments at
the Gulf Coast Research and Education Center, paraquat
provided adequate control of young nightshade plants (2).
It was observed that nightshade growing in growers’ fields
was found primarily along the edge of the plastic mulch.
In experiments in commercial fields in the Immokalee-
Naples area, paraquat was applied to nightshade at increas-
ing rates. Adequate control was not achieved (6). From
these results the hypothesis that control loss was due to
lack of coverage was discarded.

Paraquat is subject to hydrolysis in the presence of al-
kaline materials (1, 5). Youngerman et al. (7) found that a
novel Cu complex of D-penicillamine significantly inhi-
bited the effects of paraquat on flax (Linum usestassemum
L.) cotyledons. This Cu chelate acted much like Cu-Zn and
Mn containing superoxide dismutase enzymes. The herbic-
idal activity of paraquat is dependent upon the production
of singlet oxygen and hydroxide free radicals. These free
radicals cause peroxide formation in the cells, which in
turn causes lipid peroxidation and disruption of the tonop-
last and plasmalemma. Youngerman proposed that the Cu
chelate reacts with the oxygen free radicals, accepting an
electron, and prevents lipid peroxidation from beginning.

The use of Cu containing fungicides (cupric hydrox-
ides and cupric sulfate pentahydrates) for control of bacte-
rial diseases is standard in Florida. Nozzle arrangements
on sprayers for this application would also apply these
chemicals to weeds, nightshade in particular, growing on
the margins of the beds.

The objective of this research was to determine
whether Cu fungicides applied to nightshade would re-
duce efficacy of paraquat.

Materials and Methods

Mature berries of common nightshade were harvested
from plants in old tomato fields in Collier county mid-
winter 1986 and spring 1987. Seeds were extracted by
crushing, fermentation, washing and drying. Plants from
both collections were identified as Solanum americanum, by
the IFAS Plant Identification Clinic (D. Hall, personal
communication).

Seeds from each collection were planted in a peat-lite
mix. Germination time ranged from 28 to 42 days. Young
seedlings of approximately the same age were transplanted
into 6 inch plastic pots.

Treatments were arranged in a randomized complete
block with four replications and consisted of number of
Cu applications and three paraquat rates. The Cu treat-
ments were 3 sprays of cupric hydroxide (Kocide 101) per
week for 0, 1, or 2 weeks. Each application was made at a
rate of 2.31 1b./acre of cupric hydroxide or 1.5 Ib./acre Cu
equivalent. Paraquat (Gramoxone Super) was applied 3
days after the last Cu application at 0.0, 0.25, or 0.50 Ib./
acre on 8 Apr. 1986. Applications were made with a CO,
powered backpack sprayer with a single 8004 nozzle at a
delivery rate of 30 gal/acre. One week after the paraquat
application the number of leaves remaining on the plants
was recorded. The plants were also evaluated for re-
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growth. The experiment was repeated using younger
plants with paraquat application on 3 June 1986.

Results and Discussion

There was no visible difference in the growth or color
of the nightshade plants due to the number of Cu sprays.
All plants were vigorous and healthy. In the first experi-
ment, the plants were examined 1 day after paraquat appli-
cation for symptoms of desiccation of leaves and stems.
Where Cu had been applied the plants had small areas of
desiccated tissue. The stems and leaves of plants receiving
no Cu sprays were completely desiccated. Quantification
of this observation by direct measurement or methods such
as the Horsfall-Barett scale did not prove either accurate
or feasible. By the third day after paraquat application
damaged leaves were abscising. At this time areas of the
plants were collapsing from herbicide damage to the stem.
After one week it was felt that the number of leaves re-
maining on the plants gave an accurate representation of
the control due to the paraquat treatments. Results of the
tests are shown in Table 1.

In experiment 1, the mean number of leaves remaining
on untreated plants was 1.75, where no Cu fungicide was
applied, the mean number of leaves per plant was 3.03 at
0.25 Ib./acre paraquat and 1.78 at 0.50 lb./acre paraquat.
These were significantly lower than when the same rates
were applied to plants treated with Cu fungicides for two
weeks. When paraquat was applied at 0.50 Ib/acre (labeled
rate) to plants treated with Cu for 1 week, the number of
leaves per plant was not significantly greater than when no
Cu was applied. This treatment provided significantly
fewer leaves per plant than when 0.25 lb./acre paraquat
was applied to plants treated with Cu for 2 weeks. There
were no significant differences between any of the other
treatments.

In the second experiment the untreated control pro-
vided a mean of 11.75 leaves per plant. All paraquat/Cu
treatments significantly reduced the number of leaves per
plant. The number of leaves per plants on plants treated
with both rates of paraquat with no Cu fungicide was sig-
nificantly lower than all other Cu treatments. Plants
treated with Cu for 2 weeks and sprayed with 0.25 Ib./acre
paraquat had significantly more leaves than other
paraquat/copper combinations. Plants treated 1 week with
Cu and either paraquat rate, or 2 weeks with Cu and 0.50
Ib./acre paraquat were statistically the same.

Table 1. Effect of copper sprays and paraquat rate on number of leaves
remaining on common nightshade plants.

Treatments
No. of leaves/plant
Copper sprays Paraquat

(weeks) (Ib./acre) Expt. 1 Expt. 2
0 0.0 16.75 a* 11.75a
2 0.25 10.00b 8.50b
2 0.50 7.75 b 6.25¢
1 0.25 6.25 bed 6.25¢
1 0.50 4.52 cde 5.25¢
0 0.25 3.03de 1.0d
0 0.50 1.78 ¢ 0.25d

*Mean separation by Duncan’s multiple range test, 1% level.
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In both experiments the only treatments which would
have been classified as commercially acceptable were those
where no Cu was applied.

Regrowth of the plants followed a very similar pattern
as the leaves per plant data. The stems were killed to the
base of the plant when no Cu fungicide was applied.
Where paraquat was sprayed any regrowth occurred from
the crown. When Cu was applied for 1 week the stem col-
lapsed in the upper portion of the plant and regrowth was
from axillary buds on the stem. Regrowth from plants
treated for 2 weeks with Cu fungicides was primarily new
leaf formation from the established stems.

Results of these experiments demonstrate that there is
an antagonism between cupric hydroxide fungicides and
paraquat on common nightshade. This antagonism is a
major factor in the loss of control of this plant by paraquat.
Further studies will explore additional Cu fungicide inhib-
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ition and methods for overcoming the Cu-paraquat in-
teractions.
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Abstract. Preemergence and pre- and posttransplant applica-
tions of various herbicides were made to bhok choy ( Brassica
rapa L. Chinesis Group), napa ( Brassica rapa L. Pekinensis
Group), and Chinese broccoli { Brassica oleracea var. albog-
labra Bailey) to evaluate crop tolerance and weed control.
The three crops were direct seeded at Boynton Beach and bok
choy was transplanted at Gainesville. Crop vigor 20 days
after planting was acceptable with diethatyl (2.0 b./acre),
thiobencarb (6.0 Ib./acre), napropamide (2.0 lb./acre), and
metolachlor (1.5 Ib./acre). Vigor was reduced with oxyfluorfen
{0.125 and 0.25 Ib./acre) and cinmethylin (0.75 Ib./acre).
Vigor of bok choy 31 days after transplanting was acceptable
with posttransplant applications of diethatyl, thiobencarb
(8.0 Ib./acre), napropamide, metolachlor, and cinmethylin
(0.5 Ib./acre). Vigor was reduced with pretransplant applica-
tions of metolachlor and oxyfluorfen (0.5 Ib./acre) and the
posttransplant application of thiobencarb (16.0 Ib./acre). All
herbicides provided acceptable early grass control. Early
broadleaf weed control was acceptable with all treatments
except with preemergence applications of napropamide and
cinmethylin. Chinese broccoli and napua yields were reduced
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by the preemergence application of cinmethylin. Bok choy
yields were reduced at the higher rates of oxyfluorfen and
thiobencarb.

Over 5,000 acres of Chinese vegetables were harvested
in Florida in the 1986-87 season. Gross sales were esti-
mated at $9 million. Over 4,000 acres were grown on sand
and muck soils in Palm Beach County (1). Additional sand-
land production was located in Hillsborough and Orange
Counties and additional production on muck soils was lo-
cated in Brevard County (R. L. Mitchell, T. Staley, and C.
Schoenfeld, personal communications).

Trifluralin, DCPA, napropamide, and oxyfluorfen are
currently labelled for use on cabbage and broccoli. The
residue tolerances for cabbage and broccoli apply to napa
(tight-headed Chinese cabbage) and Chinese broccoli (Dr.
C. W. Meister, IR-4 Southern Region Coordinator, per-
sonal communication). However, there are currently no
herbicide labels for these crops. Approximately 1,500 acres
of napa and Chinese broccoli are grown in Florida. Loose
and semi-loose headed types of Chinese cabbage, which
include bok choy, chihili, choy-sum and yu-choy are grown
on approximately 3,000 acres. There are no tolerances for
herbicides on these crops.

In South Florida, Chinese cabbage and Chinese broc-
coli are typically direct seeded on open beds. Growers cul-
tivate 2 to 3 times with rolling cultivators beginning 10 to
14 days after seeding. Cultivation is discontinued 4 to 5
weeks after planting to avoid crop injury. For napa and
bok choy, weeds are pulled by hand at thinning. For
Chinese broccoli and yu-choy, weeds are pulled by hand
without thinning. The cost of the thinning and weeding is
$125-150 per acre (T. Yee, Yee Farms, personal communi-
cation).

Pretransplant applications of oxyfluorfen and post-
transplant applications of metolachlor, diethaltyl, and nap-
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