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Abstract. Greenhouse and field studies were conducted to assess the relative tolerance of
leading bell pepper (Capsicum annuum L.) varieties to the herbicide bentazon. In the
greenhouse, nine bell pepper varieties varied in bentazon tolerance. One of the most
tolerant varieties, ‘King Arthur’, was not severely injured, and its shoot mass was not
reduced by 2.0 kg-ha' bentazon. The shoot mass of one of the least tolerant bell varieties,
‘Summer Sweet 860°, was reduced by 1.0 kg-ha™ bentazon. The bentazon rates resulting
in 50 percent reduction in shoot mass (MR, or injury (L) estimated by logit—probit
analysis were 7.9 and 3.1 kg-ha for ‘King Arthur’ and 3.8 and 1.5 kg-ha™! for ‘Whopper
Improved’, respectively. In a field study, F, ‘King Arthur’, the tolerant control ‘Santaka’,
and the F, progeny of ‘King Arthur’ were similar in bentazon tolerance, and there was no
genetic segregation for tolerance in the F, population. Some modern bell pepper varieties
appear to be sufficiently tolerant to allow bentazon use. Chemical name used: 3-(1-
methylethyl)-(1H)-2,1,3-benzothiadiazin-4(3 H)-one 2,2 dioxide (bentazon).

Bell peppers for the fresh market in the
southeastern United States are typically grown
in beds muiched with black polyethylene and
fumigated with methyl bromide to control
yellow nutsedge (Cyperus esculentus1..) ,root
knot nematodes (Meloidogyne sp.), and other
soil pests. Even with methyl bromide fumiga-
tion, yellow nutsedge is common in pepper
fields, probably due to encroachment from
row middles or emergence from below the
fumigated soil layer (personal observations
and communication with growers). There is
concern that with the ban of methyl bromide
for soil fumigation scheduled for 2001 (Crop
Protection Coalition, 1995), yellow nutsedge
will become unmanageable in peppers and
other fumigated vegetable crops. Schroeder et
al. (1994) reported that yellow nutsedge is an
alternate host for root-knot nematode, an im-
portant pepper pest. Schroeder et al. (1993)
concluded that crop rotation and other cultural
practices to manage nematodes in peppers will
not be effective if yellow nutsedge is not
controlled.

Bentazon effectively controls yellow nut-
sedge, although repeated applications may be
required (Basagran herbicide label; BASF
Corp., P.O. Box 13528, Research Triangle
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Park, N.C.). Pepper varieties vary in bentazon
tolerance, and the most susceptible varieties
are severely injured by the normal use rate of
1.1kg-ha™' (Baltazaret al., 1984; Harrison and
Fery, 1989; Wolff et al., 1989). The most
tolerant varieties are not severely injured and
exhibit no yield reduction at up to 4.5 kg-ha™
bentazon. Due to the inadequate tolerance of
many varieties, bentazon has never been regis-
tered for general use in peppers, but a special
local registration (Section 18 approval) was
granted for processing chili peppers in North
Carolina (personal communication with David
M. Peele). Fery and Harrison (1990) reported
that tolerance was controlled by a single domi-
nant gene in the highly tolerant chili variety
Santaka. Wolff et al. (1992) concluded that
genetic control of tolerance in the highly toler-
ant variety Bohemian Chili was more com-
plex, involving a single major dominant gene
and several modifying genes. They indicated
that expression of bentazon tolerance was af-
fected by environment and even varied within
populations of plants expected to be homoge-
neously tolerant or susceptible.

The pending loss of methyl bromide for
soil fumigation in bell peppers has necessi-
tated the development of alternative methods
for controlling yellow nutsedge and other
weeds. Thus, an investigation was initiated to
assess bentazon tolerance in several modern
bell pepper varieties. The objectives of this
study were to determine the relative bentazon
tolerance of nine currently grown bell pepper
varieties that were not evaluated in previous
studies (Baltazar et al., 1984; Harrison and
Fery, 1989; Wolff et al. 1989) in a greenhouse
experiment, and to confirm high tolerance
under field conditions.

Materials and Methods

Greenhouse study. Seeds of nine bell pep-
per varieties (‘Boynton Bell’, ‘Camelot’,

‘Capistrano’, ‘Jupiter’, ‘King Arthur’,
‘Orobella’, ‘PR-9600-8’, ‘Summer Sweet 860°,
and “Whopper Improved’) commonly grown
commercially in the southeastern United States
at the time that the studies were initiated (con-
sultation with extension and seed company
representatives) were obtained from commer-
cial sources. ‘Capistrano’ and ‘Jupiter’ are
open-pollinated varieties, and the others are F,
hybrid varieties. Seeds of the control varieties,
‘Santaka’ (a chili variety) and the sweet pep-
per varieties Keystone Resistant Giant and
Sweet Banana, were produced at the U.S.
Vegetable Laboratory. ‘Santaka’, ‘Keystone
Resistant Giant’, and ‘Sweet Banana’ were
known from previous studies (Harrison and
Fery, 1989) to be highly tolerant, intermedi-
ate, and highly susceptible to bentazon, re-
spectively. Pepper seeds were germinated in
flats containing a commercial peat—vermicu-
lite potting medium, and after emergence,
seedlings were transferred to 500-mL
styrofoam cups containing the potting me-
dium. Pepper plants were grown in the green-
house without supplemental lighting, and
greenhouse temperatures ranged from 20 to 32
°C. Peppers were fertilized weekly with a
complete water soluble fertilizer. When pep-
persreached =10 to 12 cmin height, they were
treated with bentazon using a conveyor belt
sprayerthatdelivered 286 L-ha™! spray volume
at275kPa. Bentazonrates were 0,0.5,1.0,2.0,
4.0, and 8.0 kg-ha™' and crop oil concentrate
was included at 2.5 L-ha™’. One week after
application, pepper plants were rated for
bentazon injury on a scale from 0 to 100,
where 0 = no injury, 30 = moderate leaf chlo-
rosis and slight necrosis, 70 = severe leaf
chlorosis and necrosis with some leaf loss, 100
= dead plant. Immediately after rating, pepper
shoots were excised at the soil surface and
weighed. The experiment was arranged in a
randomized complete-block design with six
replications and was repeated four times. Means
of injury ratings, shoot mass and shoot mass
reduction as percentage of control mass from
the four experiments were analyzed in a ran-
domized complete-block design where each
experiment mean constituted a block, and pro-
tected least significant differences at the 95%
level of significance were used to compare
means within varieties and bentazon rates.
Linear regression analysis was used to deter-
mine rate-response to bentazon within culti-
vars. The bentazon rates that caused 50%
reduction in shoot mass (MR,) or injury (Is)
were determined for each variety using logit—
probit analysis of the averaged data after the
method of Finney (1971).

Field study. A field experiment was con-
ducted to confirm the tolerance of the F, hy-
brid variety, ‘King Arthur’, and to observe the
response of F, plants of ‘King Arthur’ in order
to obtain preliminary information about the
inheritance of tolerance. Seeds were collected
from eight self-pollinated ‘King Arthur’ plants
that were grown in the greenhouse. Seedlings
of ‘King Arthur’, ‘Santaka’, ‘Sweet Banana’,
and the eight F, populations were produced in
the greenhouse and transplanted at the 4- to 6-
leaf stage to the field on 15 May 1996. The
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Table 1. Pepper shoot mass reduction in response to postemergence bentazon application and estimated bentazon rates required to cause 50% reduction in shoot

mass (MR;,) for pepper 12 varieties in a greenhouse experiment.

Shoot mass reduction (% of untreated control)

Bentazon (kg-ha)

Variety 0.5 1 2 4 8 Regression’ MRy, (kg-ha™)
Bell varieties
Summer Sweet 860 15 a* 2l a 34a 50a 71a *k 3.6
Boynton Bell 1 16 23a 48 a 69 a HEE 43
PR 9600-8 8 9 2la 36a 57 a Hokk 6.7
Camelot 8 23 a 34a 52a 65a *k 39
King Arthur 1 6 14 30a 50a wEE 7.9
Whopper Improved 17 2la 40a 53a 75a wE 3.1
Orobella -9 1 9 38a 55a *k 6.4
Jupiter 1 11 18 a 4la 69a HEE 49
Capistrano 8 12 22a 4]l a 71a Hkk 4.7
Control varieties
Santaka* 22a 20a 29a 3la 50a wk 13.3
Sweet Banana® 49 a 52a 65a 74 a 79a * 0.7
Keystone Resistant
Giant” 20 23 16 47 a 70 a Hok 4.0
LSDy 05" 18 20 23 17 15

“Values significantly less than that of the untreated control at P < 0.05.
YLinear regression significant at P < 0.05 (*), 0.01 (**), or 0.001 (***).

*Tolerant control, chili-type pepper.
“Susceptible control.
Intermediate control, bell-type pepper.

“Protected least significant differences at P < 0.05 for

comparing cultivar means within bentazon rates.

Table 2. Pepper injury ratings in response to postemergence application of bentazon, and estimated bentazon rate required to cause 50% injury (I5,) for twelve pepper

varieties in a greenhouse experiment.

Injury (%)
Bentazon (kg-ha™)
Variety 0.5 1 2 4 8 Regression’ I, (kg-ha™)
Bell varieties
Summer Sweet 860 14 25 38 68 89 *k 23
Boynton Bell 16 32 39 69 88 *k 2.1
PR 9600-8 9 15 32 48 73 wEE 3.8
Camelot 15 27 47 70 85 *k 2.1
King Arthur 11 21 32 53 75 HxE 3.5
Whopper Improved 20 40 58 77 90 *x 1.5
Orobella It 22 32 65 76 ok 2.9
Jupiter 16 30 41 67 84 ** 2.2
Capistrano 11 22 38 62 92 Hxk 2.4
Control varieties
Santaka* 15 17 28 31 60 ok 7.1
Sweet Banana® 58 67 79 90 94 * 04
Keystone Resistant
Giant” 22 31 43 59 85 * 2.2
LSDg 5" 12 10 11 11 8

“Bentazon injury wasrated 5 d after application on a scale where 0 = no injury, 30 = moderate leaf chlorosis and slight necrosis, 70 = severe leaf chorosis and necrosis

with some leaf loss, 100 = dead plant.

YLinear regression significant at P < 0.05 (*), 0.01 (**), or 0.001 (***).

*Tolerant control, chili type pepper.
“Susceptible control.
‘Intermediate control, bell type pepper

“Protected least significant differences at P < 0.05 for comparing cultivar means within bentazon rates.

plants were managed using standard cultural
practices as previously described (Harrison
and Fery, 1989). The soil was a Yonges loamy
sand (fine-loamy, mixed, thermic Typic
Albaqualfs) with a pH of 6.2. Seedlings were
transplanted into narrow beds spaced at 1 m,
and plants were spaced 0.8 m apart within the
row. The experiment was arranged in a ran-
domized complete-block design with 10 rep-
lications. Plots consisted of a single row con-
taining 10 plants, and blocks contained one
plot of eight F, populations and the three
varieties. On 5 June, when most plants were
in the 6- to 8-leaf stage and were similar in
size to plants in the greenhouse study at
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herbicide application, bentazon was applied
as a broadcast application (spray volume 270
L-ha™)toall plants at arate of 4.0kg-ha™! with
crop oil included at 2.3 L-ha™'. Visible injury
following this treatment was less than antici-
pated, thus bentazon was reapplied as de-
scribed above at 6.0 kg-ha™ on June 15. At
this application, most plants were in the 10- to
14-leaf stage. Five d after application, indi-
vidual plants were rated for visible bentazon
injury on a 0 to 10 scale, where 0 = no injury,
3 = moderate leaf chlorosis and slight necro-
sis, 7 =severe leaf chlorosis and necrosis with
some leaf loss, and 10 = dead plant. The
frequency distribution of injury ratings was

plotted, and mean injury ratings and standard
errors of the means were determined for each
population.

Results and Discussion

Greenhouse study. The nine commercial
bell pepper varieties evaluated in this study
exhibited variability in bentazon tolerance;
however, there was a significant linear regres-
sion for bentazon rate vs. injury rating and
shoot mass reduction for all varieties (Tables
1 and 2). ‘King Arthur’, ‘Orobella’, and ‘PR
9600-8’ were the most tolerant bell varieties;
their injury ratings and shoot mass reductions
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Fig. 1. Comparative frequency distribution of injury ratings of field-grown pepper plants following
application of 6.0 kg-ha™! bentazon to ‘Santaka’, ‘Sweet Banana’, ‘King Arthur’ and a pooled F,
population derived from ‘King Arthur’. Injury for individual plants was rated on a 0 to 10 scale, where
0=no injury, 3 =moderate leaf chlorosis and slight necrosis, 7 = severe leaf chlorosis and necrosis with

some leaf loss, and 10 = dead plant.

were not different at any bentazon rate, and
their MRy, and I, estimates were similar.
‘King Arthur’, ‘Orobella’, and ‘Keystone Re-
sistant Giant’ were the only varieties not ex-
hibiting shoot mass reduction at 2.0 kg-ha™!
bentazon. Injury ratings for the most tolerant
bell varieties did not differ from ‘Santaka’
ratings at the lower rates, butat4 and 8 kg-ha™!,
they exhibited greater injury. Shoot masses of
the least tolerant bell pepper varieties, “Whop-
perImproved’, ‘Camelot’, and ‘Summer Sweet
860’, were reduced by 1.0 kg-ha™! bentazon.
These varieties may not be sufficiently toler-
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antto allow safe bentazon use. ‘Santaka’ shoot
masses at all bentazon rates were lower than
control values, but masses were not different
for bentazon applicationrates between 0.5 and
4.0 kg-ha™'. Shoot mass reduction not accom-
panied by severe injury symptoms has been
observed with this variety in previous studies
(Harrison and Fery, 1989). Low rates reduced
shoot masses in the greenhouse but did not
affect ‘Santaka’ yield in field studies.

Field study. The average injury ratings at 5
d after application of 6.0 kg-ha” bentazon
were 3.0,4.0,4.2,and 7.5 for ‘Santaka’, ‘King

Arthur’, the F, progeny of ‘King Arthur’, and
‘Sweet Banana’, respectively (Fig. 1). The
moderate injury exhibited by ‘King Arthur’ at
about five times the normal application rate
confirms that the tolerance of this variety
observed in the greenhouse is also expressed
under field conditions. The similarity in aver-
age rating and the frequency distribution of
injury ratings for ‘King Arthur’ and its prog-
eny indicate that there was no genetic segrega-
tion for tolerance in the F, progeny of the
hybrid variety.

Conclusions. In previous studies, the re-
sponse of peppers to bentazon in the green-
house proved to be similar to their response in
the field (Harrison and Fery, 1989; Wolff et
al., 1989). Bentazon rates that did not reduce
shoot mass in the greenhouse did not affect
fruit yields in the field. The results of this
greenhouse study indicate that bentazon appli-
cation at the recommended rates of 0.6 to 1.1
kg-ha™' will not cause severe injury to or re-
duce yields of the most tolerant commercial
bell pepper varieties. One of the most tolerant
leading commercial varieties included in this
study, ‘King Arthur’, proved to be tolerant
under field conditions. Bentazon may be a
viable alternative to methyl bromide for con-
trolling yellow nutsedge and other weeds in
bell peppers, but selection of tolerant varieties
is necessary to avoid unacceptable levels of
crop injury.
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