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ABSTRACT

 

Saha, S. K., K.-H. Wang, R. McSorley, R. J. McGovern, and N. Kokalis-Burelle. 2007. Effect of solariza-
tion and cowpea cover crop on plant-parasitic nematodes, pepper yields, and weeds. Nematropica
37:51-63.

Two field experiments with bell pepper (

 

Capsicum annuum

 

)

 

 

 

‘Wizard X3R’ were established (May
2003, 2004) in Marion Co., Florida, U.S.A. The objective was to compare yields, nematode popula-
tions, and weeds as impacted by six soil management treatments: cowpea (

 

Vigna unguiculata

 

) summer
cover crop, solarization on a raised bed, solarization on a flat surface, cowpea cover crop followed by
raised bed solarization, methyl bromide fumigation, and untreated control. Soil samples were ob-
tained after all treatments had been applied, just prior to planting, and at the end of the season to
determine the effects of treatments on nematode population densities. In 2003 prior to planting, ring
nematodes (

 

Mesocriconema

 

 sp.) were most prevalent in the control treatment and lowest in the cowpea
cover crop combined with raised bed solarization, and the methyl bromide fumigation treatments.
At the end of both seasons the combination of cowpea cover crop with bedded solarization was as ef-
fective as methyl bromide fumigation for suppressing root-knot nematodes (

 

Meloidogyne

 

 spp.). In
2004, raised-bed solarization was also as effective as methyl bromide for suppressing root-knot nema-
todes. All solarization treatments were effective in suppressing weeds compared to the untreated con-
trol, and were more effective than methyl bromide in 2003 when no glyphosate was applied during
the summer. Solarization treatments were equivalent to glyphosate-treated methyl bromide and con-
trol plots in 2004. Pepper yields of U.S. Fancy grade and total fruit weight in 2003 were higher in
raised-bed solarization than methyl bromide fumigated plots. Cowpea in combination with raised-
bed solarization resulted in higher total fruit weight relative to methyl bromide fumigation. Two hur-
ricanes followed by a 

 

Pythium

 

 sp. epidemic confounded yield differences in 2004. However, flat solar-
ization resulted in greater total fruit number and weight of U.S. #1 grade peppers than methyl
bromide fumigation. Solarization and solarization combined with a cowpea cover crop can be useful
alternatives for nematode and weed suppression, and improved yield of pepper.
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RESUMEN

 

Saha, S. K., K.-H. Wang, R. McSorley, R. J. McGovern, y N. Kokalis-Burelle. 2007. Efecto de la solar-
ización y uso de caupí como cultivo de cobertura sobre nematodos fitoparásitos, producción de pi-
miento y malezas. Nematropica 37:51-63.

Se establecieron dos experimentos con pimiento (

 

Capsicum annuum

 

)

 

 

 

‘Wizard X3R’ en Marion
Co., Florida, EE.UU. (mayo 2003, 2004). El objetivo fue comparar el efecto sobre la producción, po-
blaciones de nematodos y malezas causado por seis tratamientos de prácticas de manejo: caupí (

 

Vigna
unguiculata

 

) como cultivo de cobertura de verano, solarización en camas elevadas, solarización en su-
perficies niveladas, caupí como cultivo de cobertura seguido por solarización en camas elevadas, fu-
migación con bromuro de metilo, y control sin tratamiento. Se obtuvieron muestras de suelo después
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de aplicar todos los tratamientos, antes de la siembra y al tiempo de cosecha para determinar los efec-
tos de los tratamientos sobre las densidades de población de los nematodos. En 2003, antes de la siem-
bra, los nematodos anillados (

 

Mesocriconema

 

 sp.) eran los más prevalentes en el tratamiento de
control y los presentes en menor cantidad en los tratamientos de cobertura de caupí combinado con
solarizazión en camas elevadas, y fumigación con bromuro de metilo. Al final de ambas temporadas,
la combinación de cobertura de caupí con solarización de camas fue tan efectiva como la fumigación
con bromuro de metilo en supresión de nematodos del nudo radical (

 

Meloidogyne

 

 spp.). En 2004, la
solarización de camas elevadas también fue tan efectiva como el bromuro de metilo en la supresión
de nematodos del nudo radical. Todos los tratamientos de solarización fueron efectivos en la supre-
sión de malezas comparados con el control sin tratamiento, y fueron más efectivos que el bromuro
de metilo en 2003 cuando no se aplicó glifosato durante el verano. Los resultados de la solarización
fueron equivalentes a la aplicación de glifosato en las parcelas de bromuro de metilo y control en
2004. La producción de pimientos de alta calidad (U.S. Fancy grade) y peso total de frutos en 2003
fueron mayores en las camas elevadas solarizadas que en las parcelas fumigadas con bromuro de me-
tilo. El caupí en combinación con la solarización de camas elevadas produjo mayor peso total relativo
de frutos que la fumigación con bromuro de metilo. Las diferencias entre tratamientos en las pruebas
de 2004 se vieron afectadas por dos huracanes y una epidemia de 

 

Pythium

 

 sp. Sin embargo, la solari-
zación de suelo nivelado produjo mayor cantidad y peso total de frutos de pimiento de alta calidad
que la fumigación con bromuro de metilo. La solarización y solarización combinada con caupí como
cultivo de cobertura pueden ser alternativas útiles para el manejo de nematodos y malezas, y aumen-
tar la producción de pimientos.

 

Palabras

 

 

 

clave:

 

 agricultura sostenible, alternativas al bromuro de metilo, 

 

Capsicum annuum

 

, manejo in-
tegrado de plagas, 

 

Meloidogyne

 

, 

 

Mesocriconema

 

, nematodo anillado, nematodo del nudo radical, 

 

Vigna

 

unguiculata

 

.

 

INTRODUCTION

Alternative and sustainable approaches
to agriculture are becoming of greater
interest as societal concerns about the envi-
ronmental impacts of agricultural practices
continue to increase. Environmental
impacts associated with pesticides and
other agri-chemicals have stimulated a
search for alternatives (Katan and DeVay,
1991). Additionally, the environmental and
health impacts of many pesticides are cur-
rently being re-evaluated (Obenauf, 2004).
The imminent loss of methyl bromide, a
broad-spectrum soil fumigant that is effec-
tive against weeds, soil insects, and soil-
borne pathogens, including nematodes,
has resulted from these re-evaluations
(Chellemi 

 

et al

 

., 2004; Louws 

 

et al

 

., 2004;
Rodriguez-Kabana 

 

et al

 

., 2004). In Florida,
much of the tomato (

 

Lycopersicon esculentum

 

L.), strawberry (

 

Fragaria 

 

×

 

 ananassa

 

Duch.), and other vegetable acreage is
fumigated with methyl bromide. The pro-
duction of methyl bromide fumigant in the
United States was to end in January of 2005
due to its ozone depleting properties (U.S.
EPA, 2005). However, because of the criti-
cal need for agriculture, special exemp-
tions have been granted for its continued
use and production on a yearly basis since
2005 (U.S. EPA, 2005). Research continues
to examine the technical and economic
feasibility of both chemical and non-chemi-
cal replacements (Obenauf, 2004).

One of the most efficient non-chemical
soil management tactics is solarization
(McGovern and McSorley, 1997). Clear
polyethylene is used to cover a planting
area instead of the opaque plastic mulch
that is commonly used in the culture of
many vegetables, including tomato and
pepper (

 

Capsicum annuum 

 

L.). Solarization
can be installed in strips over the planting
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beds [raised-bed solarization (SRB)] or by
covering the entire field with strips of plas-
tic attached together [flat solarization
(SFS)]. Prior to coverage with polyethyl-
ene, the soil is moistened to increase the
effects of solar heating. Temperatures of
50°-60°C achieved by solarization are
lethal to many soil pests (McGovern and
McSorley, 1997). The success of solariza-
tion depends on proper installation of
plastic (Dover 

 

et al

 

., 2003). While SRB is
more practical for vegetable producers,
soil contamination from untreated adja-
cent soil is minimized with SFS (McGovern

 

et al

 

., 2004).
Solarization has been used to manage

plant-parasitic nematodes in a variety of sit-
uations (Chellemi 

 

et al

 

., 1993; Heald and
Robinson, 1987; Katan, 1981; McGovern
and McSorley, 1997; McSorley and McGov-
ern, 2000; McSorley and Parrado, 1986);
however, it has been reported that the sup-
pression of nematodes is not as long-last-
ing as that of methyl bromide fumigation
(Overman and Jones, 1986). Therefore
solarization is not viable as a stand-alone
procedure, but has potential as a compo-
nent in an integrated crop health manage-
ment strategy. Solarization can be used in
conjunction with crop rotation, sanita-
tion, crop resistance, and cover cropping;
which are non-chemical tactics widely uti-
lized for nematode management (McSor-
ley, 1998). Certain varieties of cowpea
[

 

Vigna unguiculata

 

 (L.) Walp.] are antago-
nistic to plant-parasitic nematodes (Wang
and McSorley, 2004). In particular, the cul-
tivar ‘Iron Clay’ is suppressive to some spe-
cies of root-knot nematodes (

 

Meloidogyne

 

spp.)

 

 

 

primarily because it is a poor host
(McSorley 

 

et al.

 

, 1999; Wang 

 

et al.

 

, 2003).
Objectives of the current experiment were
to; 1) evaluate soil solarization and cowpea
cover crops as alternatives to methyl bro-
mide, 2) compare raised bed solarization
with flat solarization, and 3) examine the

effect of integrating cowpea cover crops
with solarization for the management of
plant-parasitic nematodes and weeds, and
determine the impact on pepper fruit
yield.

MATERIALS AND METHODS

 

Field Description

 

The experiment was conducted at the
University of Florida Plant Science
Research and Education Unit (29°24’N,
82°9’W), located near Citra in Marion
County, FL. The soil was well drained,
coarse textured (95.2% sand, 1.5% silt,
3.3% clay), and classified as an Arredondo
sand (Thomas 

 

et al.

 

, 1979). Prior to field
preparation and planting, the land was in
weed fallow.

In October 2002, the site was planted
with a cover crop of ‘Dixie’ crimson clover
(

 

Trifolium incarnatum

 

 L.) inoculated with

 

Meloidogyne incognita

 

 (Kofoid and White,
1912) Chitwood, 1949 race 1. The cover
crop was maintained until senescence, dis-
ked, and sub-soiled twice due to the den-
sity of crop debris on 28-29 April 2003.

 

2003 Experiment

 

On 7 May 2003, a field experiment was
established consisting of six treatments
with six replications in a randomized com-
plete block design on approximately 0.2
ha. The treatments included weed fallow
control (UC), summer cowpea cover crop
(SCC), raised bed solarization (SRB), flat
solarization (SFS), summer cowpea cover
crop followed by raised bed solarization
(CCSRB), and fumigation with methyl bro-
mide (MBF). The rows were oriented from
east to west and individual plots were 2.44
m wide by 18.29 m long. ‘Iron Clay’ cow-
pea was purchased locally (Alachua
County Feed and Seed, Gainesville, FL)
and planted in rows 19-23 cm apart on 7
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May at a seed density of 56 kg seed/ha.
During this period, plots without cowpea
were left fallow with weeds. The cowpea
was irrigated by an overhead sprinkler sys-
tem as needed and on 7 July 2003 they
were disked and roto-tilled. Solarization
treatments were established on 8 July. For
bedded solarization, raised beds 0.76 m
wide by 18.29 m long were formed with a
tractor and covered with clear, 25-µm-
thick, UV-stabilized, low-density polyethyl-
ene mulch (ISO Poly Films, Inc., Gray
Court, SC). The flat solarization treatment
was installed manually on flat 2.44-m-wide
by 18.29-m-long plots. The plastic utilized
for the flat solarization treatments was 51-
µm-thick (2 mil) construction-grade plastic
(Poly Film, Veri Pack, Inc., Farmington,
MA) which was 2.54 m wide. Soil was irri-
gated prior to solarization. Soil tempera-
tures at depths of 5 cm and 15 cm were
recorded hourly using data loggers (Watch
Dog® Model 425, Spectrum® Technolo-
gies, Inc., Plainfield, IL). Solarization treat-
ments were in place for 5.5 weeks. On 15
August, the non-solarized treatments were
roto-tilled and bedded, whereas in the
solarized treatments the clear plastic was
removed. All beds were covered with
opaque, reflective plastic mulch (Sonoco
Agricultural Films, Hartsville, SC). Methyl
bromide (67:33; 67% methyl bromide:33%
chloropicrin) was applied in the appropri-
ate plots at 450 kg/ha.

Seedlings of ‘Wizard X3R’ pepper,
obtained from Speedling Ornamentals
(Sun City, FL), were transplanted on 9 Sep-
tember in double rows with spacing of
46 cm within row and 30 cm between rows,
resulting in a density of approximately
75 plants per plot. From 10-16 September,
transplants that died were replaced (<2%
of the entire population—approximately
60 plants of >3,000 total). Water and fertil-
izer were applied on a daily basis through
drip irrigation for a total of 202 kg N/ha

for the season. Problems with foliar diseases
and insects were minor and were managed
by fungicides and insecticides as needed.

Peppers were harvested on 18 Novem-
ber, 25 November, and 9 December 2003,
from 40 plants per plot and graded into
the following categories: U.S. Fancy grade
(size minimum of 7.62 cm in diameter and
at least 8.89 cm long), U.S. No. 1 (mini-
mum diameter and length is 6.35 cm), and
U.S. No. 2 grade (size smaller than U.S.
No. 1) (Sargent, 2000).

Soil samples for nematode analysis
were collected from each plot at planting
(9 September 2003) and at the end of the
crop (9 January 2004). Six soil cores (2.5
cm diameter 

 

×

 

 20 cm deep) were collected
from each plot and combined into one
composite sample. Nematodes were
extracted from a 100-cm

 

3

 

 sub-sample using
a modified sieving and centrifugal-flota-
tion method (Jenkins, 1964).

Weeds and cutworm (

 

Agrotis

 

 sp.) dam-
age were assessed on several occasions. On
12 August, each plot was rated for the per-
centage of surface area covered by weeds
using the 1 to 12 rating scale of Horsfall
and Barrett (1945), where 1 = 0%, 2 = 0-
3%, 3 = 3-6%, 4 = 6-12%, 5 = 12-25%, 6 =
25-50% of ground covered, whereas 7 = 25-
50%, 8 = 12-25%, 9 = 6-12%, 10 = 3-6%, 11
= 0-3%, and 12 = 0% of ground not cov-
ered. At the end of the experiment on 8
January 2004, weeds were evaluated by
counting the number of planting holes
with weeds, based on 60 plants per plot.
On 7 October, the dead plants per plot
caused by cutworms were counted.

 

2004 Experiment

 

On 28 April 2004, the second trial was
established in precisely the same field
plots as in 2003. Similar treatments were
implemented with minor differences. At
termination of the cowpea cover crop in
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June 2004, all plots (not just those receiv-
ing cowpea treatments) were roto-tilled to
suppress weeds. Prior to roto-tilling, weeds
were sprayed with glyphosate in mid-June
to reduce weed biomass. Solarization treat-
ments were established on 30 June 2004
and terminated on 16 August. The methyl
bromide treatment was applied 17 August
and pepper seedlings were transplanted
31 August.

Two hurricanes affected the experiment
in 2004. Hurricane Frances (5, 6 Septem-
ber) produced 41cm of rain in 24 hours,
flooding the field (Division of Hydrologic
Data Services, 2004; S. Taylor, pers. comm.).
The following week, a severe disease epi-
demic occurred throughout the field and a
second hurricane (Jeanne) occurred on 26
September. The number of dead plants per
plot caused by the disease epidemic was
reported elsewhere (Saha 

 

et al

 

., 2006).
Following the two hurricanes, the crop

was managed with proper irrigation and
fertilizer for the remainder of the season.
The peppers were harvested and graded
on 30 November, 7 December, and 14
December 2004. Due to the loss of plants,
harvest was based on 60 plants per plot,
and harvests were delayed approximately
two weeks compared to the previous sea-
son. Soil samples for nematode analysis
were collected from all plots on 29 August
and 14 December 2004. Because the early
summer roto-tilling greatly reduced weed
populations, weeds were not measured
prior to planting. However, numbers of
planting holes with weeds were recorded
on 26 October 2004.

 

Statistical Analysis

 

Data were subjected to one-way analysis
of variance (ANOVA) using the Statistical
Analysis System (SAS Institute, Cary, NC).
To ensure that data fit a normal distribu-
tion prior to analysis, nematode abun-

dance data were log-transformed by log

 

10

 

(x+1). However, only untransformed arith-
metic means of all data are presented.

RESULTS

 

Soil Temperatures

 

2003: Temperatures during solarization
were similar in treatments involving solar-
ization (SFS, CCSRB), which were higher
than temperatures in cowpea (SCC) and
control (UC) treatments (data not shown).
At 5-cm soil depth in 2003, both SRB and
CCSRB resulted in 29 days of maximum
temperatures 

 

≥

 

42°C, whereas these temper-
atures were never obtained in SCC and UC.

2004: In the second experiment, the
number of days with maximum tempera-
ture 

 

≥

 

42°C at 5 cm depth was 33 for
CCSRB and 29 for SRB. Fewer days
achieved this temperature at soil depths of
15 cm in S and SRB and CCSRB. In all
non-solarized plots, temperatures of 42°C
were reached on only two days in the SCC
treatment. Data reported in the literature
and the results of preliminary laboratory
tests indicate that 42.5°C is the minimum
soil temperature necessary to cause mortal-
ity of herbivorous nematodes such as reni-
form (

 

Rotylenchulus reniformis 

 

Linford &
Oliviera, 1940) and the southern root-knot
nematode (Heald and Robinson, 1987;
Wang, K.-H., unpublished).

 

Nematodes

 

2003: Prior to pepper planting, but
after all treatments had been imple-
mented, ring nematodes (

 

Mesocriconema

 

spp.) were the most prevalent nematodes
found, with minor presence of spiral (

 

Heli-
cotylenchus

 

 sp.), stubby root (

 

Paratrichodorus

 

spp.), and lesion nematodes (

 

Pratylenchus

 

spp.). Ring nematodes were most prevalent
(

 

P 

 

≤

 

 0.05) in the UC treatment (Table 1).
The CCSRB treatment and the MBF treat-
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ment both had the lowest (

 

P 

 

≤

 

 0.05) num-
ber of ring nematodes per 100 cm

 

3

 

 soil
relative to the other treatments (Table 1).
No root-knot nematodes (

 

Meloidogyne

 

 spp.)
were detected in any treatment, however,
numbers are often below detectable levels
following a non-cropped summer season in
Florida (McSorley and Pohronezny, 1981).

At the end of the 2003 experiment,
MBF and CCSRB treatments had lower
numbers of (

 

P 

 

≤

 

 0.05) root-knot nematode
juveniles in soil than all other treatments
(Table 2). Similarly, the MBF treatment
contained fewer (

 

P 

 

≤

 

 0.05) ring nematodes

than all other treatments, but all other
treatments reduced (

 

P 

 

≤

 

 0.05) the num-
bers of ring nematodes as compared to the
control. No treatment effects were
observed on the minimal populations of
other nematodes found, including spiral,
stubby root, and lesion nematodes.

2004: At planting, no differences were
observed among the population densities of
root-knot, ring, or stubby-root nematodes
(Table 3). At termination of the pepper
crop, the CCSRB and SRB treatments were
as effective as MBF at managing root-knot
and ring nematodes, respectively (Table 4).

 

Table 1. Effect of soil treatments on plant-parasitic nematodes in September 2003.

Treatment

Nematodes per 100 cm

 

3

 

 soil

Root-knot Ring Stubby-root Lesion

Solarization (SRB) 0.0 4.2 c

 

z

 

4.3 a 0.2 dc

Solarization + cowpea (CCSRB) 0.0 0.8 d 0.5 ab 0.7 bc

Flat solarization (SFS) 0.0 8.7 b 2.7 ab 0.0 d

Cowpea (SCC) 0.0 2.7 c 0.2 ab 1.3 b

Methyl bromide (MBF) 0.0 0.5 d 0.0 b 0.0 d

Control (UC) 0.0 16.0 a 1.8 ab 3.8 a

 

z

 

Data

 

 

 

are untransformed arithmetic means of 6 replications. Means in each column followed by the same letter
do not differ at 

 

P

 

 

 

≤

 

 0.05, according to Waller-Duncan test performed on log-transformed data.

Table 2. Effect of soil treatments on plant-parasitic nematode numbers in January 2004.

Treatment

Nematodes per 100 cm

 

3

 

 soil

Root-knot Ring Stubby-root Lesion

Solarization (SRB) 55.5 a

 

z

 

2.8 b 0.1 0.3

Solarization + cowpea (CCSRB) 13.2 b 1.8 b 0.0 0.0

Flat solarization (SFS) 169.7 a 2.3 b 0.0 0.0

Cowpea (SCC) 75.7 a 1.5 b 0.0 0.1

Methyl bromide (MBF) 0.8 b 0.2 c 0.0 0.0

Control (UC) 180.5 a 6.6 a 0.0 0.1

 

z

 

Data

 

 

 

are untransformed arithmetic means of 6 replications. Means in each column followed by the same letter
do not differ at 

 

P

 

 

 

≤

 

 0.05, according to Waller-Duncan test performed on log-transformed data.
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Weeds and Cutworms

 

2003: Prior to planting and application
of MBF, the total amount of weed coverage
in the three solarization treatments and
the cowpea treatment was lower (

 

P 

 

≤

 

 0.05)
than the MBF and UC treatments. Plot
area covered by weeds was relatively high
according to the Horsfall-Barrett rating
(8.33) in MBF and UC treatments (Table
5). Bahiagrass (

 

Paspalum notatum

 

 L.) was
the primary weed accounting for most of
the coverage in the UC and MBF treat-
ments (Table 5). Other common weeds

were crabgrass (

 

Digitaria 

 

spp.), hairy
indigo (

 

Indigofera hirsuta 

 

L.), and nutsedge
(

 

Cyperus 

 

spp.). Cutworm damage showed
no treatment effect (P ≤ 0.05) on trans-
plant mortality, but data were highly vari-
able, with the highest rate of mortality in
one of the MBF plots (Table 6).

2004: Weed data were not collected
prior to planting because herbicide and
roto-tilling was used during the summer to
minimize weed pressure prior to planting.
There were no differences among treat-
ments in the number of weeds per plot
during the season (data not shown).

Table 3. Effect of soil treatments on plant-parasitic nematode numbers in August 2004.

Treatment

Nematodes per 100 cm3 soil

Root-knot Ring Stubby-root

Solarization (SRB) 1.2 4.5 abz 1.3

Solarization + cowpea (CCSRB) 0.0 0.7 ab 1.3

Flat solarization (SFS) 0.2 3.3 ab 0.3

Cowpea (SCC) 0.0 0.5 ab 0.7

Methyl bromide (MBF) 0.0 0.0 b 0.0

Control (UC) 0.7 3.3 a 0.2

zData are untransformed arithmetic means of 6 replications. Means in each column followed by the same letter
do not differ at P ≤ 0.05, according to Waller-Duncan test performed on log-transformed data.

Table 4. Effect of soil treatments on plant-parasitic nematode numbers in December 2004.

Treatment

Nematodes per 100 cm3 soil

Root-knot Ring Cyst Stubby-root

Solarization (SRB) 31.7 abz 0.7 bc 0.3 ab 0.2

Solarization + cowpea (CCSRB) 7.1 dc 1.1 b 0.0 b 0.0

Flat solarization (SFS) 16.3 bc 1.3 b 0.0 b 0.0

Cowpea (SCC) 18.9 bc 0.7 b 0.0 b 0.8

Methyl bromide (MBF) 0.4 d 0.0 c 0.0 b 0.0

Control (UC) 122.3 a 4.2 a 0.8 a 0.3

zData are untransformed arithmetic means of 6 replications. Means in each column followed by the same letter
do not differ at P ≤ 0.05, according to Waller-Duncan test performed on log-transformed data.
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Yield

2003: In December of 2003 when data
from all three harvests were combined,
SRB and CCSRB treatments had higher
total fruit weights (P ≤ 0.05) than the MBF
treatment (Table 7). The weight of U.S.
Fancy grade peppers was also higher (P ≤
0.05) in the SRB treatment compared to
the MBF treatment. Unexpectedly, the
MBF treatment resulted in similar yields
(total weights and numbers) to the UC
treatment (Table 7).

2004: Fewer treatment effects on pep-
per yield were observed at the end of the
2004 experiment than in the previous sea-
son due to the occurrence of two hurri-
canes and a Pythium epidemic. There were
no differences in total fruit weight among
the treatments (Table 8); however, the
total number of fruit in the SFS treatment
was greater (P ≤ 0.05) than in the MBF
treatment. Additionally the weight of U.S.
No. 1 grade peppers in the SFS treatment
was greater than in the MBF treatment
(Table 8).

Table 5. Effect of treatment on coverage of plots by weeds in August 2003.

Treatment

Horsfall-Barrett Ratingy

Bahiagrass Crabgrass Hairy Indigo Nutsedge Total weeds

Solarization (SRB) 1.0 bz 1.0 c 1.0 c 1.3 1.5 dc

Solarization + cowpea (CCSRB) 1.0 b 1.0 c 1.0 c 1.2 1.2 d

Flat solarization (SFS) 1.0 b 1.2 bc 1.0 c 1.3 1.8 c

Cowpea (SCC) 1.2 b 2.3 a 4.5 a 1.5 6.0 b

Methyl bromide (MBF) 7.3 a 2.5 a 4.0 a 1.5 8.3 a

Control (UC) 7.7 a 2.2 ab 3.3 b 2.0 8.3 a

yRating on a scale from 1 (0% of area covered with weeds) to 12 (100% of area covered by weeds). See text for
complete rating scale.
zData are means of 6 replications. Means in each column followed by the same letter do not differ at P ≤ 0.05,
according to Waller-Duncan test.

Table 6. Effect of soil treatments on mortality of pepper transplants caused by cutworms, September and Octo-
ber 2003.

Treatment

23 Sept. 2003 7 Oct. 2003

No. dead
plants per plot

Percent
dead plants

No. dead
plants per plot

Percent
dead plants

Solarization (SRB) 0.2 0.5 0.1 0.2

Solarization + cowpeas (CCSRB) 0.3 0.7 0.2 0.4

Flat solarization (SFS) 0.8 2.3 0.1 0.2

Cowpeas (SCC) 0.2 0.5 0.1 0.2

Methyl bromide (MBF) 1.5 4.0 0.5 1.3

Control (UC) 0.7 1.8 0.3 0.9
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DISCUSSION

The MBF and CCSRB treatments were
most effective for suppressing root-knot
nematodes in both years. The undetect-
able level of root-knot nematodes at termi-
nation of the summer treatments prior to
planting in both years was expected. This
is often observed following a non-cropped

summer season in Florida when most root-
knot nematodes are in egg stage, which are
often undetectable by typical soil extrac-
tion methods (McSorley and Pohronezny,
1981). However, these undetectable popu-
lations at planting can build up to high lev-
els on susceptible vegetable crops.

Although cowpea and solarization
treatments alone were not as effective as

Table 7. Effect of soil treatments on total pepper harvest by treatment in fall 2003 (three harvest dates com-
bined).

Treatment
Fancy

wt. (kg)y

Fancy
number

US #1
wt. (kg)

US #1
number

US #2
wt. (kg)

US #2
number

Total
wt. (kg)

Total
number

Solarization (SRB) 11.4 az 54.9 a 6.9 43.3 1.5 13.0 ab 20.3 a 112.7 a

Solarization +
cowpeas (CCSRB) 10.9 ab 52.9 ab 6.9 43.3 1.5 13.8 a 19.5 ab 110.6 a

Flat solarization (SFS) 9.6 bc 46.4 bc 6.9 43.8 1.2 11.0 ab 17.8 bc 101.4 ab

Cowpeas (SCC) 9.4 c 44.4 c 7.3 46.7 1.3 10.5 ab 18.2 bc 102.8 ab

Methyl bromide (MBF) 8.5 c 43.1 c 6.8 43.8 1.7 14.7 a 17.3 c 102.7 ab

Control (UC) 9.3 c 45.8 bc 6.9 43.3 1.1 8.9 b 17.4 c 98.5 b

yBased on 40 plants per plot harvested; Fancy grade = minimum diameter 7.62 cm; US #1 grade = minimum
diameter 6.35 cm; US #2 grade = no size minimum.
ZData are means of 6 replications. Means in each column followed by the same letter do not differ at P ≤ 0.05,
according to Waller-Duncan test.

Table 8. Effect of soil treatments on total pepper harvest by treatment and grade in fall 2004 (three harvest dates
combined).

Treatment
Fancy

wt. (kg)y

Fancy 
number

US #1
wt. (kg)

US #1
number

US #2
wt. (kg)

US #2 
number

Total
wt. (kg)

Total
number

Solarization (SRB) 2.9 14.8 2.6 abz 17.3 ab 1.2 ab 13.3 abc 8.3 53.3 ab

Solarization +
cowpeas (CCSRB) 3.0 14.3 2.4 ab 15.5 ab 0.9 bc

12.6 bc
7.8 49.8 ab

Flat solarization SFS) 3.1 15.3 2.9 a 19.0 a 1.3 ab 16.8 ab 10.0 64.3 a

Cowpeas (SCC) 3.0 14.3 2.2 ab 14.3 ab 0.7 c 10.2 c 8.0 49.2 ab

Methyl bromide (MBF) 2.9 14.3 1.7 b 11.7 b 0.9 bc 12.1 bc 7.4 47.0 b

Control (UC) 2.3 11.8 2.6 ab 16.9 ab 1.4 a 18.0 a 7.7 54.8 ab

yBased on 60 plants per plot harvested; Fancy grade = minimum diameter 7.62 cm; US #1 grade = minimum
diameter 6.35 cm; US #2 grade = no size minimum.
zData are means of 6 replications. Means in each column followed by the same letter do not differ at P ≤ 0.05,
according to Waller-Duncan test.
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MBF, the combination of cowpea and
solarization was as effective as the MBF
treatment (P ≤ 0.05) for the suppression of
root-knot nematodes. Efforts have been
made to combine solarization with cab-
bage residues or other plant materials as
amendments to achieve a biofumigation
effect (Gamliel and Stapleton, 1993;
McGovern and McSorley, 1997). With a
nematode suppressive cover crop such as
‘Iron Clay’ cowpea, several mechanisms
could be involved including a non-host
effect from the cover crop (Wang et al.,
2003) or enhancement of nematode natu-
ral enemies (Wang et al., 2006).

Although ring nematode population
densities were relatively low throughout
the two seasons, significant suppression of
ring nematodes by all three solarization
treatments was observed at three sampling
dates. Lack of treatment effects on early-
season ring nematode populations in the
second season may have been due to the
improved management of off-season weeds
in 2004, since grasses are good hosts for
ring nematodes.

Sufficient weed suppression by solariza-
tion in 2003 is consistent with previous
studies (McSorley et al., 2004; Chase et al.,
1999); however, differences among the
solarization treatments for weed suppres-
sion occurred. The SFS treatment did not
suppress total weeds as well as the SRB and
CCSRB treatments in 2003. Theoretically,
flat solarization should be more effective
than bedded solarization since flat solar-
ization avoids the bed shoulder being
shaded part of the day, as is the case with
bedded solarization (McGovern et al.,
2004). Flat solarization heats the entire
bed evenly, and soil contamination from
poorly solarized edges is minimized. How-
ever, the flat solarization plastic was
installed by hand, so the plastic was not as
tight as in the raised bedded solarization
that was installed with a tractor. When the

plastic is loose, the heat transfer to the soil
is less efficient. In addition, the plastic
used for the SFS was thicker than that used
for the SRB treatments, thus allowing for
even more heat transfer in the SRB since
thinner plastic is more efficient for solar
heating of the soil (Katan, 1981; McGov-
ern and McSorley, 1997).

Poor weed suppression by MBF in the
2003 experiment was due to lack of weed
management in the summer prior to the
MBF treatment. Earlier management via
tillage, as done in the second season, could
have avoided the problem. Not allowing
the weed debris to decompose sufficiently
may have interfered with fumigant efficacy
because conditions were not optimal for
fumigant application (Rhoades et al.,
1966). This in turn, likely resulted in loss
of plants to cutworms, mainly in one of the
MBF plots. The non-decomposed weed
debris still in the soil under plastic may
establish safe zones for the cutworms to
hide and avoid being killed by the fumi-
gant (Rhoades et al., 1966). The heavy
weed pressure and cutworm damage par-
ticularly in the MBF ultimately led to unex-
pected low yields, and may have accounted
for the lower yield in the MBF relative to
the solar bedded plots in 2003.

Growers favor soil fumigation over soil
solarization because they can fumigate at
the end of the summer season, killing
existing weeds and reducing soilborne pest
populations for the fall vegetable season;
whereas solarization requires field man-
agement during the off-season. However,
our results from 2003 show that this
approach with fumigation alone was not
practical in sites with heavy weed pressure
where active weed management during the
off-season is required to prepare for opti-
mal fumigant application.

In 2003, SRB and CCSRB produced the
highest yields among all the treatments. It
was anticipated that the MBF would be as
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effective, if not more effective, as the solar-
ization treatments; however, as previously
mentioned, the excessive weeds in the
MBF greatly reduced the average total
yield for that treatment. The results from
the SRB and the CCSRB treatments show
promise, and further comparisons with
other soil management techniques may be
beneficial.

In 2004, the pepper yields in all treat-
ments were less than those in 2003. This
was due to flooding associated with two
hurricanes and a Pythium epidemic (Saha
et al., 2006). There were no differences in
yields despite differences in root-knot
nematode numbers, indicating that any
nematode effects were small relative to the
damage caused by flooding and Pythium.
However, the value of peppers in 2004 was
much higher than in 2003 due to the
shortage caused by the hurricanes. Termi-
nal market prices for Atlanta per 12.7-kg
(1 1/9 bushel) carton ranged from $35 to
$45 in the third and fourth weeks of
November in 2004 (USDA, 2006). The
same carton price during the third and
fourth weeks of November in 2003 only
ranged from $9 to $15. Therefore, total
profits remained the same despite the hur-
ricanes. Even with the significantly lower
yields in 2004, it was possible to make
more profit since the prices were more
than twice those of 2003, and the yields
were 50% below those of 2003.

In conclusion, the CCSRB treatment
was comparable to the performance of
MBF for root-knot nematode suppression.
All solarization methods were effective in
suppressing weeds compared to the weed
fallow control. While the effect of solariza-
tion on pepper yield was not consistent,
cost for solarization was three times less
than that for the MBF (U.S. EPA, 2006).
Additional cost of cowpea seeds and man-
agement also affect the cost of production.
Further research is needed for solarization

and cover cropping treatments to broaden
the pest suppression spectrum beyond
nematodes and weeds to include other
soil-borne pathogens.
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