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Abstract. Weed control is one of the benefi ts associated with the use of plastic mulches 
used for vegetable production. The mulches decrease light transmission and prevent 
development of most weed species. Plastics chemistry has developed fi lms varying in 
their ability to refl ect, absorb, and transmit light. Laboratory and fi eld experiments were 
conducted to 1) measure light transmitted through colored mulches, 2) evaluate weed 
populations under each mulch type, and 3) determine if light transmission could be used 
as an indicator for weed populations in the fi eld. The polyethylene mulches were black, 
gray, infrared transmitting brown (IRT-brown), IRT-green, white, and white-on-black 
(co-extruded white/black). On average, 1%, 2%, 17%, 26%, 42%, and 45% light in the 
400 to 1100 nm range was transmitted through the black, white/black, gray, IRT-brown, 
IRT-green, and white mulches, respectively. In fi eld experiments, density and dry biomass 
of weeds growing under the mulches were evaluated. The white mulch had the highest weed 
density with an average of 39.6 and 155.9 plants/m2 in 2001 and 2002, respectively. This 
was followed by the gray mulch, with 10.4 and 44.1 weed seedlings/m2 in 2001 and 2002, 
respectively. Weed density was <25 plants/m2 with the other mulches in both years. Weed 
infestation was correlated with average light transmission for white, black, white/black, 
and gray mulches. However, both light quantity and quality were necessary to predict 
weed infestations with the IRT mulches. Weed infestation under the IRT mulches was 
better estimated when only wave lengths in the photosynthetically active radiation range 
(PAR; 400 to 700 nm) were considered. Low weed pressure and high light transmission 
with the IRT mulches would make them appropriate for use in areas where both weed 
control and soil warming are important factors.

with different colors and optical properties 
(Brault et al., 2002; Csizinszky et al., 1995, 
1999; Diaz-Perez and Batal, 2002; Gough, 
2001; Ham et al., 1993; Hanna, 2000; Paterson, 
1998; Tarara, 2000; Schalk and Robbins, 1987). 
Film color may affect therefore effective weed 
seed germination, growth, and development 
under the plastic (Brault et al., 2002; Ham 
et al., 1993; Paterson, 1998). Knowing the 
spectral transmittance of colored fi lms may 
help in understanding their weed suppressive 
effect (Brault et al., 2002; Paterson, 1998). 
Such information would help predict weed 
infestations and assist growers in selecting 
the appropriate fi lm for their growing condi-
tions. This study was therefore conducted to 
1) measure light transmitted through colored 
polyethylene mulches, 2) evaluate weed 
populations under each mulch type, and 3) 
determine if light transmission could be used 
as an indicator for potential weed populations 
and growth in the fi eld.

Methods and Materials

Experiments were conducted in the fi eld 
and laboratory. The mulches were black, gray, 
infrared transmitting brown (IRT-brown), IRT-
green, white, and white-on-black (co-extruded 
white/black). All mulches (90 cm wide) were 
manufactured by North American Film (cur-
rently Pliant Corporation, Schaumburg, Ill.) and 
were 0.038 mm thick except the black mulch 
that was 0.025 mm. 

Laboratory experiments. A clean 30 × 
30-cm piece from each fi lm was used for light 
transmission measurements. The analyses were 
conducted on new fi lms and on used fi lms 
after about 45 to 50 d of fi eld exposure. Light 
transmission in the 400 to 1100 nm range was 
measured using a spectroradiometer (LI-1800; 
LI-COR, Lincoln, Nebr.) (Decoteau et al., 1988; 
Ham et al., 1993; Brault et al., 2002). The light 
source was a 60-W incandescent bulb (General 
Electric Co. Cleveland, Ohio) placed 50 cm from 
the spectroradiometer. The spectrum of incan-
descent lamps covers the range of wavelengths 
measured (Ryer, 1997). Each fi lm was scanned 
at 1-nm increments. Each scan was preceded by 
a blank scan (with no plastic). Light transmission 
was determined by the percentage transmission 
through one layer of plastic compared with the 
blank scan. (Brault et al., 2002).

Field experiments. Field studies were 
conducted in summer 2001 and 2002 (June 
to September) on Oakville fi ne sand soil at 
Michigan State University, Southwest Michigan 
Research and Extension Center, Benton Harbor. 
All mulches were laid on 60-cm wide raised 
beds, using a combined bed shaper plastic layer. 
Fresh-market ‘Mountain Spring’ tomato (Lycop-
ersicon esculentum Mill.) was transplanted into 
different colored plastic mulches and grown 
using drip-irrigation and fertigation. The experi-
mental design was a randomized complete block 
with six plastic mulches and four replications. 
Individual plots were 5 m wide and 10 m long 
with three beds. About 45 to 50 d after mulch 
laying, a 60 × 90-cm section including a tomato 
plant, was cut in the middle bed of each treat-
ment. All weeds growing under the mulches in 
the sampled area were counted and harvested for 
biomass determination as described by Brault et 
al. (2002) (Table 1). Weed density and biomass 
data were transformed prior to analysis using a 
square-root transformation [SQRT(X + 0.5)]. 
Transformed data were subjected to analysis of 
variance and means separated using LSD at 5% 
level of probability. Linear regression analysis 
was performed between light transmission and 
weed density data, and between light transmis-
sion and weed biomass data. Several models 
were tested in preliminary studies, and the fol-
lowing equation was the simplest equation that 

Table 1. Major weeds present at the experimental sites.

Scientifi c name  Common name Family
Elytrigia repens (L.) Nevski Quackgrass Gramineae
Spergula arvensis L. Corn spurry Caryophyllaceae
Vicia villosa Roth Hairy vetch  Leguminosae
Chenopodium album L.  Common lambsquarters Chenopodiaceae
Amaranthus spp Pigweeds Amaranthaceae
Portulaca oleracea L. Common purslane  Portulacaceae

Weed competition is one of the major con-
straints to vegetable production in the United 
Sates (Bell, 1997). Polyethylene mulches are 
widely used in vegetable production and have 
contributed signifi cantly to reduction of losses 
due to weed competition. Weed suppression 
under plastic is the result of many factors 
including 1) prevention of seed germination 
by reduced light transmission and 2) reduction 
of weed seedling development due to physical 
barrier of the mulch or lack of light.

The amount of light transmitted by mulches 
depends on fi eld exposure, mulch color and 
other optical properties (Brault et al., 2002). 
Black plastic has been the standard plastic used 
by most farmers worldwide (Schales, 1990; 
Tarara, 2000). However, during the last few 
years, the plastics industry has developed fi lms 
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Light transmission in the PAR (photo-
synthetically active radiation) waveband was 
between 0% for the black mulch and 37% for 
the white mulch (Table 2). The IRT mulches 
transmitted less light in the PAR waveband 
compared to the 400 to 1100 nm waveband. 
Light transmission decreased from 42% to 16% 
for the IRT-green mulch when PAR waveband 
was used compared to the full spectrum. The 
reduction was from 26% to 6% for the IRT-
brown mulch.

Weed populations. Weed density and bio-
mass varied with mulch type (Table 2). During 
both growing seasons, a large number of weeds 
thrived under the white mulch. In 2001, about 
40 weeds/m2 with a dry weight of 159.7 g·m–2 
were recorded in plots covered with the white 
mulch. In 2002, weed density under the white 
mulch was 156 plants/m2 with a correspond-
ing biomass of 210 g·m–2. All other mulches 
had reduced weed infestations. Grasses were 
the main weeds, with quackgrass (Elytrigia 
repens) being the most prominent species. The 
mulch was able to resist the lifting effect of this 
species despite its heavy infestation. By acting 
as a physical barrier, the white mulch kept 
quackgrass competition low, limiting tomato 
yield losses (data not presented).

Seed germination and seedling growth can 
be affected by both soil temperature and light 
(Fortin and Poff, 1990; Paterson, 1998). Paterson 
(1998) showed increased suppression of purple 
nutsedge (Cyperus rotundus) with photoselec-
tive mulches compared with opaque mulches. 
Furthermore, the difference in weed suppression 
was not attributed to soil solarization effects 
from the photoselective mulches (Paterson, 
1998). In our study, soil temperature under the 
white and the white/black mulches for example, 
was similar (Fig. 2) and yet weed populations 
under the mulches were different (Figs. 3 and 
4). This suggests that the large weed popula-
tion under the white plastic was due to its high 
light transmission and not to differences in soil 
temperature. This relationship between light 
transmission and weed populations may be 
more complex with photoselective mulches. For 
example, total light transmitted by the IRT-green 
mulch and white mulch was similar, but weed 
density and weed biomass were signifi cantly 
lower under the IRT-green mulch (Table 2). 
This suggests that, for weed germination and 
development, the wavelengths transmitted 
through the plastic could be as important as the 
total amount of light transmitted.

Prediction of weed population using light 
transmission. Linear regression analysis showed 
a weak relationship between average light trans-
mission and weed density or biomass for light 
in the 400 to 1100 nm range (Fig. 3). The coef-
fi cients of determination were 0.49 and 0.50 for 
the regression between light transmittance and 
weed density and the regression between light 
transmittance and weed biomass, respectively. 
Data from the two IRT mulches did not fi t be-
cause they have low PAR transmission. Remov-
ing data on the IRT mulches from the analysis 
increased the coeffi cients of determination from 
0.49 to 0.93 and from 0.50 to 0.96 for data on 
weed density and weed biomass, respectively 
(Figure 3). This is an indication that unlike the 

Fig. 2. Heat accumulation measured 
as air or soil (2 cm) degree-days 
(DD) during the fi rst month after 
tomato transplanting through 
colored mulches. Air DD and soil 
DD were calculated using the for-
mula DD = ½(T

Max
 + T

Min
) – T

base
 

where T
Max

, T
Min

, and T
base

 are 
daily maximum, daily minimum, 
and base temperatures (10 oC), 
respectively. The mulches are 
black (B), white (W), gray (G), 
white-on-black (W/B), infrared 
transmitting green (IRT-green), 
and infrared transmitting brown 
(IRT-brown).

Fig. 1. Amount of light (%) transmitted through colored plastic mulches. The mulches are black, 
white, gray, white-on-black (white/black), infrared transmitting green (IRT-green), and infrared 
transmitting brown (IRT-brown).

Table 2. Light transmission through colored mulches and density and biomass of weeds under the plastics 
in 2001 and 2002.

 Light transmission (%)z Weed density (no./m2) Weed biomass (g·m–2)
Film colory PAR Total 2001 2002 2001 2002
White 37 48 39.6 a 155.9 a 159.7 a 210.0 a
Black 0 1 3.6 c 20.8 c 0.1 b 0.8 c
White/black 1 2 3.8 bc 21.7 c 0.1 b 16.7 bc
Gray 15 17 10.4 b 44.1 b 0.6 b 37.4 b
IRT green 16 42 6.7 bc 24.2 bc 1.7 b 7.7 c
IRT brown 6 26 9.2 bc 18.4 c 1.0 b 2.4 c
zMean separation based on square root transformation [SQRT(X + 0.5)]. Means in the same column fol-
lowed by the same letter are not signifi cantly different (P ≤ 0.001). Light transmission is the average for 
wave lengths 400 to 1100 nm (total) or the average for photosynthetically active radiations (PAR; 400 
to 700 nm).
yIRT = infrared transmitting, NA = not applicable.

adequately fi tted the data: Y = a + bx2, where Y 
is weed density or biomass, x is light transmis-
sion, a is weed density or weed biomass in the 
absence of light, and b is a shape coeffi cient. 
All statistical analyses were conducted using 
SAS (SAS Institute, 1994).

Results and Discussion 

Light transmission. Light transmission 
through the mulches was only minimally af-
fected by mulch exposure in the fi eld. New 
mulches and those collected 
from the fi eld after 45 to 50 d of 
exposure had comparable light 
transmissions (data not shown). 
Only data for new mulches are 
reported herein. 

Mulch type highly affected the 
amount of light transmitted (Fig. 

1, Table 2). On average, 1% to 48% light in 
the 400 to 1100 nm waveband was transmitted 
through the mulches. The black and white/black 
mulches had the greatest opacity, with only 1 
and 2% of the incident light transmitted, re-
spectively. The gray mulch transmitted 17%, 
IRT-brown 26%, IRT-green 42%, and white 
48%. Similar light transmission has been previ-
ously reported for the black, gray, white/black, 
and IRT mulches from different manufacturers 
(Brault et al., 2002; Paterson, 1998).
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be used as an indicator of weed infestations in 
the fi eld. However, when wavelength selective 
mulches are used, accurate estimation of weed 
populations can be achieved only when light 
in the PAR waveband is considered. These 
results could be used in the development of 
new mulches as an early screening method to 
quickly estimate their effects on weed popula-
tions prior to fi eld testing. Field evaluation is 
time consuming and expensive. These results 
could also be used as additional criteria to help 
growers select the most appropriate mulch for 
their growing conditions.
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Fig. 4. Regression between light transmission in the 
400 to 700 nm range through colored plastic 
mulches and weed density (A) or weed biomass 
(B). The mulches are black (B), white (W), gray 
(G), white-on-black (W/B), infrared transmitting 
green (IRT-green), and infrared transmitting 
brown (IRT-brown).

Fig. 3. Regression between light transmission in the 
400 to 1100 nm range through colored plastic 
mulches and weed density (A) or weed biomass 
(B). The mulches are black (B), white (W), gray 
(G), white-on-black (W/B), infrared transmitting 
green (IRT-green), and infrared transmitting brown 
(IRT-brown). The regression parameters on the 
graph were obtained from analyses without data on 
the IRT mulches. When data on the IRT mulches 
were included in the regressions, the equations were 
y = 8.80 + 0.03x2 (weed density) and y = 0.00 + 
0.05x2 (weed biomass) and the r2 values were 0.49 
for weed density and 0.50 for weed biomass. 

other mulches, total light transmission through 
the IRT mulches cannot be used as an accurate 
indicator of weed populations in the fi eld.

Separate regressions were conducted using 
only light in the PAR waveband (Fig. 4). Using 
average light transmission in the PAR range, all 
mulches adequately fi tted the regression model. 
The coeffi cients of determination were 0.91 for 
the regression between light transmission and 
weed density and 0.93 for the regression between 
light transmission and weed biomass.

Conclusions 

Colored polyethylene mulches varied greatly 
in their ability to transmit incident light. The 
transmitted light affects weed seed germination 
and growth, determining weed pressure under 
plastic mulch. Light transmission can therefore 
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