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Abstract

Weeds and diseases are major biological competitors that pose significant threats to organic production of
vegetables in southeastern US during the summer. We evaluated plasticulture as an alternative weed and disease
management strategy for open field organic production of bell peppers. The objective of the research was to
assess the effects of four colored plastic mulches on soil temperature, moisture, fruit yield and suppression of
weeds and diseases on bell pepper. Bell pepper cv ‘King Arthur’ was planted on raised soil beds covered with
colored (olive green, black, white and silver) mulch treatments including a control (bare soil). The experimental
design was a randomized complete block with four replications. Soil temperature and moisture, disease
incidence and severity, and fruit yield were determined. Plant performance (growth and yield) varied with mulch
type. The black and olive plastic mulches warmed the soil significantly more than the reflective silver and bare
soil. Bell pepper plants across all mulch treatments exhibited susceptibility to bacterial leaf spot (BLS). However,
the incidence and severity of BLS varied with mulch type. Plants on reflective silver plastic displayed significant
BLS incidence and severity compared to the olive plastic and bare soil. The black, white, and reflective silver
plastic mulches significantly increased fruit yields, while the olive mulch and bare soil exhibited poor crop
performance. These results suggest that the black and white plastic mulches retain the potential to be used in
organic vegetable production in Alabama and the southeastern US.
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1. Introduction

Plasticulture on raised beds has been practiced for decades due to several agronomic benefits including early
season crop production, increased yield per unit area, better fruit quality, improved water use efficiency,
elimination of weed competition, and management of insect pests and diseases (Anderson et al., 2012). Weeds
and diseases are major constraints to organic vegetable production during the summer in southeastern US.
Weeds compete with crops for sunlight, nutrients and moisture, and may be alternate hosts of important crop
diseases. In organic vegetable production system, several sustainable and ecofriendly tactics are employed for
the management of pests and diseases, including the use of plastic mulches. Polyethylene mulch modifies the
microclimate of the soil beneath it and of the atmosphere above it (Tarara, 2000). Black plastic increased root
length, root length density, and root diameter in corn (Sun et al., 2018). Owing to their humidity lowering effect,
these soil bed covers have been suggested as a means to minimize the development of some foliar diseases such
as gray mold (Elad, 2000). Mulching with polyethylene is hypothesized to create conditions within the plant
canopy which are less favorable to disease development (Shtienberg et al., 2010). Plastic mulches have also been
used to effectively reduce white mold disease caused by Sclerotinia sclerotiorum in basil (Elad et al., 2015).
UV-reflective metal coated plastic mulches are increasingly being tested to ward off insect pests and insect
vectors of many viral diseases including tomato spotted wilt virus. Murphy et al. (2009) observed that reflective
plastic mulch reduced watermelon mosaic virus incidence and yield losses in squash. Recently, plastic mulching
was demonstrated to contribute to the management of the soilborne plant pathogenic bacterium Ralstonia
solanacearum cause of bacterial wilt of solanaceous crops such as tomato (Chen et al., 2020). In Alabama and
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the southeastern US, plasticulture is gaining attention in organic production systems to manage weeds and plant
diseases and produce healthy organic fruits and vegetables. The objective of this research was to assess the
effects of colored plastic mulches on soil temperature, moisture, fruit yield, and suppression of weeds and
diseases in open field organic production of bell pepper in Alabama.

2. Materials and Methods
2.1 Experimental Site

The experiments were conducted on Decatur silty clay loam (Clayey, Kaolinitic, Thermic Rhodic Paleudults) at
Winfred Thomas Agricultural Research Station (WTARS) of Alabama A&M University in Hazel Green,
Alabama (34°56’ N, 86°34’ W) on land used exclusively for organic vegetable research. The meteorological data
(rainfall and temperature) during the growing seasons are as shown in Figure 1.

2.2 Land Preparation and Planting

The experimental plot was doubled-disked and raised beds 5 m x 0.9 m prepared, drip irrigation tape was
installed at the center of the beds which were covered with colored (olive green, black, white and reflective
silver) mulch treatments including a control (no mulch or bare soil). Bell pepper cv ‘King Arthur’ seedlings were
planted in the middle of the raised beds at intra-row spacing of 45 cm in May. Holes about 10 cm wide and 8 cm
deep were punched through the plastic or directly into the soil bed (control) for placing the pepper seedling
transplants. About 70 kg/ha N was applied as pelletized poultry liter (4-3-2 NPK) after seedling establishment
and thereafter, Multibloom (Hydrolysate Company of America, Isola, MS) was applied through fertigation to the
plants providing a total of 135 kg N/ha. The control (bare soil) plots were manually weeded twice during the
growing season to minimize weed pressure. The planted beds were irrigated through drip tape for two hours each
day throughout the growing season.

2.3 Experimental Design and Data Collection

The experiment was laid out as a randomized complete block design with four replications. Soil temperature was
measured with a pivoting digital thermometer at a soil depth of 12 cm. Soil moisture was determined by soil
analysis. Seedling establishment and plant survival, diseases (anthracnose of bell pepper, bacterial leaf spot,
southern blight) incidence (% of diseased plants out of total observed) and disease severity (assessed using a
score of 0-5 where 0 = no disease and 5 = 81%-100% symptomatic foliage/fruit or dead plant) were measured
during crop growth. Fruit yield was determined at harvest in August as number of fruits/plant and fruit weight in
kg/plant. All data were subjected to analysis of variance (ANOVA) procedure in Statistical Analysis System
(SAS 9.1) software and significant treatment (colored mulches) means were separated using Tukey’s HSD test at
P =5%. The experiments were repeated over two growing seasons.

3. Results and Discussion

This research was conducted as part of our continued effort to improve cultural practices for efficient sustainable
production of organic vegetables in limited resource farms in north Alabama and the southeastern region. The
goal was to understand the role of colored mulches in crop responses to diseases and other environmental growth
factors such as soil temperature and moisture.
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Figure 1. Monthly rainfall (precipitation) and temperatures recorded at the Eddy Covariance Flux Station at the
Winfred Thomas Agricultural Research Station (experimental site) during the 2015 and 2016 growing seasons

The amount of rainfall in 2015 was more than in 2016, however, the pattern (wavy) was similar in both years
(Figure 1). Owing to the similarity in crop performance data in the two growing seasons, the data presented (soil
temperature, crop yield, disease incidence and severity) is averaged for the two seasons. The mean monthly
temperatures followed the same trend for both years. The mean daily temperatures during the two cash-crop
growing seasons ranged from 19.4 °C to 25.4 °C.

Black and olive plastic mulches warmed the soil more than reflective silver and the control (bare soil) and the
temperature of the soil beneath the plastic mulches was significantly higher and influenced by the color of the
plastic mulch (Figure 2). The mean soil temperatures at 12 cm depth beneath the reflective silver, white, black
and olive colored plastic mulches were respectively -0.5 °C, 0.5 °C, 4 °C and 4.4 °C above the mean temperature
of the bare soil (control). As expected, the black and olive colored plastic mulches retained more heat due to their
darker colors. In a lettuce (Lactuca sativa L.) production system, the darker colored plastic mulches used were
also observed to absorb solar energy more readily (Franquera & Mabesa, 2016).
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Figure 2. Soil temperature measured beneath the plastic mulches at a soil depth of 12 cm
over two growing seasons

Soil moisture ranged from 12% to 22% within the 0-10 cm depth and from 16 % to 22% in the 10-20 cm depth
(Figure 3.). Soil moisture under black and reflective silver plastic was lower at the 0-10 cm depth and higher at
the 10-20 cm depth; did not vary with depth under white and olive green plastic mulches. Bare soil had the
highest moisture at the 0-10 cm depth due to rainfall and vegetation cover that included some weeds.
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Figure 3. Soil moisture under plastic mulches and bare soil measured at soil depth of 0-10 cm and 10-20 cm

Plant performance (growth and yield) varied with mulch type. Reflective silver, black, and white plastic mulches
significantly increased the number of bell pepper fruits/plant (Figure 4A) and fruit weight (Figure 4B). All
colored mulches (black, reflective silver, white) except the olive green plastic mulch increased bell pepper fruit
weight by up to 1.06 kg/plant in comparison with bare soil. Farias-Larios and Orozco-Santos (1997) observed a
similar trend in which clear, black and white plastic mulches increased fruit weight and yield in watermelon
compared to production on bare soil. Most marketable (larger, heavier and blemish-free) fruits were obtained
from plants grown on white plastic mulch.
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Figure 4. Yield of bell pepper determined by the number fruits/plant (A) and fruit weight (kg/plant) (B) as
influenced by various colored mulches and bare soil (control) treatments
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Plastic mulch had no effect on incidence and severity of anthracnose of bell pepper (data not shown) which
although present in the field did not spread significantly. However, the incidence and severity of bacterial spot
(BLS) disease were significantly higher in the reflective silver mulch treatment and less in olive plastic and bare
soil treatments (Figures 5A and 5B).
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Figure 5. Bacterial spot incidence (A) and severity (B) in bell pepper ‘King Arthur’ under
different mulch treatments

The relatively high bacterial spot disease incidence and severity observed in the reflective silver mulch treatment
is not well understood. However, it could be attributable to light reflection effects. Reflective mulches and white
mulches can influence the amount and quality of light wavelengths reflected into the plant canopy (Ham et al.,
1993; Hutton & Handley, 2007). Diaz-Perez (2010) measured the photosynthetically active radiation (PAR)
reflected by silver plastic mulch into bell pepper canopy in the fall season to be 52% which was the highest
among other mulch types including white and black. These reflected wavelengths could have an impact on
bacterial spot incidence and severity. The significance of light in microbial pathological processes and disease
development in plants has become increasingly evident. Light affects plant defense responses and the virulence
of and infection by plant pathogenic bacteria (Nagendran & Lee, 2015; Gomelsky & Hoff, 2011; Oberpichler et
al., 2008). The silver reflective mulch increases the amount of light entering the plant canopy, which might play
a role in bacterial spot infection. In a previous study, we had observed that reflective silver plastic mulch
significantly exhibited high bacterial leaf spot severity in tomato compared to no mulch treatment
(Nyochembeng et al., 2014). Although polyethylene mulches including the reflective silver much are used
beneficially to modify the plant microclimate, such modification may not be detrimental to the development of
some foliar pathogens of bell pepper including bacterial leaf spot. Reflective silver plastic mulch has been used
to control insect vectors of plant diseases such as thrips that vector tomato spotted wilt virus. In this study, we
observed that reflective silver plastic mulch enhanced the incidence of bacterial leaf spot disease in pepper.
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The reduction of disease in the control treatment could be attributed to the weeds in the control which acted as a
‘buffer’ to the disease spread as previously observed (Nyochembeng et al., 2014), by shielding the pepper plants
and also consequently causing a reduction in fruit yield. Both incidence and severity of bacterial spot disease
varied based on mulch type. The black and white plastic mulches significantly increased fruit yields while the
olive mulch exhibited poor crop performance.

4. Conclusions

Weeds and diseases are major constraints to organic vegetable production in Alabama and southeastern US
during the summer months. Bell pepper production is more successful under plasticulture mainly due to weed
elimination and soil moisture retention. Producers commonly use black plastic mulch, and occasionally,
reflective silver plastic for control of some insect pests such as thrips. In this study, reflective silver plastic mulch
appeared to be favorable to bacterial spot disease in bell pepper cv ‘King Arthur’. Although the olive plastic
mulch showed low disease incidence, it exhibited the poorest crop performance in growth and yield. The black
and white plastic mulches retained the potential for use in organic production of bell pepper in North Alabama.
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