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Colored Mulches Affect Yield of Fresh-market Tomato 
Infected with Meloidogyne incognita 

B. A.  FORTNUM, 2 D .  R.  DECOTEAU, ~ AND M.J. KASPERBAUER 4 

Abstract: The effects of different-colored polyethylene mulches on the quantity and spectra of  re- 
flected light, earliness of  fruit set, fruit yield and quality, and root-knot disease were studied in field- 
grown, staked tomato (Lycope~icon esculentum). White mulch reflected l~aore photosynthetic light and a 
lower far-red-to-red ratio than red mulch, whereas black mulch reflected less than 5 percent  of  any color. 
Soil temperatures and fruit yields were recorded for tomato plants inoculated with Meloidogyne incognita 
race 3 at initial populations of  0, 1,000, 10,000, 50,000, or  100,000 eggs/plant  and grown over black, 
white, or  red plastic mulch in both spring and fall. Soil temperatures were lower under  white mulch than 
under  red or black mulch. Tomato yields declined as inoculum level increased. Plants grown over red 
mulch in the spring and inoculated with 50,000 eggs of  M. incognita had greater early marketable yields 
than similarly inoculated plants grown over black or  white mulch. Tomato plants inoculated with 
100,000 eggs and grown over white mulch or  red mulch in the spring had greater total yields per  plot 
than similar plants grown over black mulch (7.39 kg and 7.71 kg vs. 3.65 kg, respectively). 

Key words: colored mulch, light quality, Lycopersicon esculentum, Meloidogyne incognita, nematode, pho- 
tomorphogenesis ,  photospectrum, physiology, root-knot nematode, tomato. 

Root-knot nematodes (Meloidogyne spp.) 
are associated with field and vegetable crops 
in temperate regions of the world (Sasser 
and Carter, 1982; Taylor and Sasser, 1978). 
Infection of tomato (Lycopersicon esculentum 
Mill.) by root-knot nematode (Meloidogyne 
incognita (Kofoid & White) Chitwood) in- 
creases root weight and decreases shoot and 
fruit weight (Fortnum et al. 1991; McClure, 
1977). Root-knot nematodes function as 
metabolic sinks similar to a developing fruit 
(Bergeson, 1966), as nutrients produced in 
the leaves are redistributed rapidly to the 
roots and into the bodies of the nematodes. 
In the southeastern United States, commer- 
cial fresh-market tomato fields are treated 
routinely with a soil fumigant to suppress 
root-knot nematodes and enhance yields. 

Plastic mulches are used commonly in 
vegetable production. Benefits include en- 
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hanced water and fertilizer management, 
weed control with less herbicide application, 
and regulation of soil temperatures. Black 
mulches are used to warm the soil in the 
spring, and white mulches can be used to 
keep soil cooler during hot summer days 
(Decoteau et al., 1986). Upwardly reflected 
light from colored mulches has been shown 
to have a phytoregulatory role on the growth 
of young tomato plants by altering photosyn- 
thate allocation to shoots and roots, and on 
the earliness and quantity of fruit yield (De- 
coteau et al., 1986, 1988, 1989, 1990). 

Subtle changes in the wavelength compo- 
sition of  l ight re f lec ted  f rom co lo red  
mulches alter morphological development 
in tomato. Photomorphogenesis in plants is 
regulated by light in the red (R) and far-red 
(FR) portion of the spectrum, and the FR/R 
ratios in the plant canopy are altered by re- 
flection from colored mulches. The R-FR re- 
versible pigment, phytochrome, is extremely 
sensitive to light of low irradiances. The R- 
absorbing form (Pr) absorbs R and becomes 
the FR-absorbing form (Pfr) and vice versa. 
Thus, the FR/R photon ratio in incoming 
light regulates the photoequilibrium level 
between the two forms ofphytochrome, and 
this regulates many developmental  pro- 
cesses (Kasperbauer, 1971, 1988; Schopfer, 
1984). Plants generally respond to an in- 
crease in the FR/R ratio by keeping a higher 
percentage of biomass in the above-ground 
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portions of the plant. The phytochrome sys- 
tem may initiate events that modify the bal- 
ance of  endogenous  growth regulators 
(Kasperbauer, 1971), which enables the 
growing plant to adapt to changing light en- 
vironments under field conditions (Kasper- 
bauer,  1987; Kasperbauer et al., 1984; 
Kasperbauer and Karlen, 1986). Similarities 
be tween  field tr ials and  c o n t r o l l e d -  
environment, end-of-day light experiments 
suggest that  phytochrome initiates the 
events that modify the differential growth 
responses in plants grown over colored 
mulches. 

Tomato plants infected with M. incognita 
and irradiated with light containing a high 
FR/R ratio at the end of the day produced 
fewer eggs and egg masses than plants re- 
ceiving a low FR/R ratio in controlled envi- 
ronments  (For tnum and Kasperbauer,  
1992). The light source used during the 
photosynthetic period can affect the devel- 
opment of Meloidogyne javanica, suggesting 
that a combination of irradiance and spec- 
tral balance received by the developing 
shoot might be involved (Bird et al., 1980). 
Root-knot nematode development is altered 
by changes in the balance of growth regula- 
tors within a plant (Bird and Loveys, 1980; 
Glazer et al. 1983; Kochba and Samish, 
1971), and altered growth regulator levels 
within the plant may explain the phyto- 
chrome-mediated change in nematode de- 
velopment. 

Colored mulches, which vary in the quan- 
tit,/ and spectral balance of light reflected 
into the crop canopy, alter nematode devel- 
opment in the field (Fortnum et al., 1995). 
The objective of this study was to evaluate 
the effects of colored plastic mulches and 
the amount of inoculant on earliness and 
quantity of fresh-market tomato fruit in 
plants infected with Meloidogyne incognita 
race 3. 

MATERIALS AND METHODS 

Field preparation: Two trials were con- 
ducted in spring and fall 1989 at the Pee 
Dee Research and Education Center in Va- 
rina sandy loam soil (75% sand, 17% silt, 8% 

clay; pH 6.0; 0.8% OM). Turn-plowing and 
disk-harrowing preceded both trials. Fertil- 
izer (90 kg/ha of N applied as 63% urea and 
37% (NHa)2HPO4, 40 kg/ha  of P from the 
(NH4) 2HPO4, and 75 kg/ha of K from KC1) 
was applied broadcast and disked into the 
upper 15 cm of soil before bedding and 
mulch application. 

Methyl bromide, trickle-irrigation tubes, 
and polyethylene mulch were applied in one 
operation. Planting beds were fumigated 
with methyl bromide (1.7 kg/100-m length 
of bed) injected 15 cm beneath the soil line 
with three chisels evenly spaced in an 80-cm- 
wide by 15-cm-high bed. Bedding disks pre- 
ceded a bed former that sealed the chisel 
openings, buried trickle-irrigation tubing 15 
cm below the soil line, and covered the bed 
with a black polyethylene mulch (1.5 m wide 
by 0.33 mm thick). 

The white and the red plastic mulch col- 
ors were established by application of out- 
door acrylic enamel paint to the black poly- 
ethylene mulch. The paint provided a con- 
venient method to obtain different reflective 
spectra for the small plot studies. Black 
mulch served as a standard control. The 
spectra of light reflected from the colored 
mulches were measured 10 cm above the 
surface on a cloudless day at solar noon with 
a spectroradiometer (model LI-1800, LI- 
COR, Lincoln, NE) after completion of the 
first trial. The photosynthetic photon flux 
(400-700nm) was recorded at 5-nm inter- 
vals. The FR/R ratio was calculated by divid- 
ing the value at 735 nm by the value at 645 
nm. FR/R photon ratios were calculated 
relative to the ratio in incoming sunlight, 
which was assigned a value of 1.00. Ratios in 
upwardly reflected light were means of at 
least 10 scans. 

Insect and foliar diseases were controlled 
with carbaryl (Sevin 80s), malathion (Drexel 
Malathion 5EC), and chlorothalonil (Bravo 
500) as recommended by the Clemson Uni- 
versity Cooperative Extension Service. Soil 
moisture was monitored daily, and irrigation 
was initiated when soil moisture deficit 
reached 15 centibars. 

Soil temperatures 5 and 10 cm below the 
black-(unpainted), white-, and red-surfaced 
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mulches were moni to red  with a Campbell 
21X Micrologger (Campbell Scientific, Lo- 
gan, UT) with copper-constantan fixed ther- 
mocouples.  Soil tempera ture  data were av- 
eraged for each 60-minute per iod but  re- 
po r t ed  only every 2 hours.  Tempe ra tu r e  
data were collected f rom infested (100,000 
eggs/plant)  and uninfested plots to com- 
pare the effects of crop canopy size on soil 
t e m p e r a t u r e s .  Each  t e m p e r a t u r e  value  
within a mulch color and measured depth  is 
the  r e c o r d e d  m e a n  f rom n ine  t he rmo-  
couples distributed over three replications 
(3 thermocouples /subplot ) .  

Plant growth, yield and nematode development: 
'Rntgers'  tomato was used in these studies. 
Tomato  seeds were g e r m i n a t e d  in plastic 
seedling trays (5- x 5-cm cell size) containing 
Peat-Lite (Conrad Farard, Springfield, MA) 
and maintained in a greenhouse until they 
reached a height  of  about  15 cm. About 2 
weeks after  methyl  b romide  applicat ion,  
seedlings were transplanted to the mulch- 
covered beds on 17 May and 5 August 1989. 
An M. incognita race 3 populat ion was iso- 
lated f rom field plots at the Clemson Pee 
Dee Research and Education Center  near  
Florence, South Carolina, and cultured on 
'Rutgers'  tomato. Nematode eggs f rom roots 
o f  50-day-old plants were extracted in 0.05% 
sodium hypochlori te (NaOC1) and washed 
in tap water (Barker et al., 1986; Hussey and 
Barker ,  1973). Suspensions  of  0, 1,000, 
10,000, 50,000, and 100,000 eggs were pipet- 
ted into two 5-cm-deep holes in the soil on 
opposite sides of each tomato plant. Nema- 
tode-free tomato plant roots were extracted 
in a similar fashion, and the filtrate of  the 
root  suspension was added to control  plants 
and to inoculated plants so each plant re- 
ceived the same total volume (50 ml) of  sus- 
pension. Holes were filled with soil after 
adding the suspensions. 

Tomato  fruit  yields were de te rmined  bi- 
weekly during a 3-week per iod (total of  six 
harvests). Mature, vine-ripe tomatoes were 
harvested, sorted by size, and weighed on a 
subplot (four plants) basis. Yields were di- 
vided into early-season (harvest 1-3) and to- 
tal-season (harvest 1-6) yields. Following the 
last harvest, plants were excavated and the 

roots gently washed free of  soil. Each plant 
was s e p a r a t e d  i n t o  s t e m  ( i n c l u d i n g  
branches) and roots. Fresh plant parts were 
weighed and recorded .  Root  galling was 
rated f rom 0 to 10 on  a linear scale: 0 = no 
galls and 10 = 100% of  the root  tissue galled 
(Barker et al., 1986). Nematode  eggs were 
extracted using the NaOC1 treatment,  de- 
scribed above, and counted.  

Mulch treatments were arranged in a fac- 
torial design with mulch colors as main plots 
and inoculum levels as subplots with six 
(trial 1) or five (trial 2) replications. Each 
experimental  unit  consisted of four plants 
bordered  on each side within a row by an 
uninoculated plant. Tomato  plants were ar- 
ranged with a 60-cm within-row spacing and 
150-cm between-row spacing. Data were ana- 
lyzed with analysis of variance (Steel and 
Torrie, 1960). 

R E S U L T S  

Plant and soil microclimate: Measurements 
made at the end of  trial 1 demonstra ted that 
mulch surface color inf luenced the quantity 
and spectral balance of  light reflected into 
the plant  canopy (Table 1). White mulch 
reflected more  photosynthetic light (PPF) 
than the darker  mulches, and red mulch re- 
flected the highest FR/R ratio (Table 1). 
Soil temperatures  were lower unde r  white 
mulch than under  red or black for jul ian 
days 156-200 (Fig. 1A-C). Tempera tu res  
were cooler at a 10-cm depth  than at 5 cm 
under  black plastic, but  the difference di- 

TABLE 1. Quan t i t y  a n d  qual i ty  o f  l ight  r e f l ec t ed  to 
a p o in t  10 c m  above  c o l o r e d  m u l c h  surfaces.  

Mu lch  PPF ~ , F R / R  
sur face  co lor  ( p m o l  • m -2" s -1) ra t io  b 

Whi te  898 1.00 

Red  273 1.16 
Black 94 - -~  

a Photosynthetic photon flux (400-700 nm). Light measure- 
ments were taken on a cloudless day at solar noon. PPF 
in incoming sunlight was 1908 pmol m -2 s -1. 

b Far-red/red = values at 735 nm divided by values at 645 nm. 
FR/R photon ratios calculated relative to ratio in incoming 
sunlight, which was assigned a value of 1.00. Ratios iu upwardly 
reflected light are means for at least 10 scans. 

c Reflection from black was about 5% across the spectrum. At 
such low reflectance a very minor difference in reflection in R 
or FR could result in an apparently large but meaningless rado. 
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FIc. 1. Root-zone temperatures recorded 5 and 10 cm below the surface of colored plastic mulch. Tempera- 

tures were recorded every 5 minutes and averaged each hour  during each 24-hour period during julian day 
156-166 (A), 167-177 (B), and 187-200 (C). Temperatures were recorded under  uninoculated plants and plants 
inoculated (I) with 100,000 Melc,idog3ne incognita eggs (julian day 167-177). 

minished as the season progressed (Fig. 1A- 
C). Soil temperatures were similar at the 5- 
cm and 10-cm depths under white mulch. In 
trial 1, soil temperatures were recorded in 
infested (100,000 eggs) and uninfested 
plots. Soil temperatures were warmer (5-cm 
depth) under plants with smaller canopies 
( inoculated plants) for black and red 
mulches than under plants with larger cano- 
pies (control plants) (Fig. 1B). In contrast, 
temperatures  under  white mulch were 
cooler for plants with smaller canopies (in- 
oculated plants) than for plants with larger 
canopies (Fig. 1B). 

Plant growth and nematode development: 
Mulch color altered all parameters used to 
evaluate the growth and yield of tomatoes (P 

0.10) except root weight, gall index, early- 
season average fruit weight (trial 2), and to- 
tal average fruit weight (Table 2). Meloido- 
gyne incognita initial populations (Pi) altered 
all parameters used to evaluate yield and 
growth of tomato except for early-season 
fruit yield and root weight (trial 1), and 
early-season fruit weight, number of fruit 
and average fruit weight, and total average 
fruit weight (trial 2) (Table 2). Significant 
color x Pi interactions were observed for 
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TABLE 2. Sources  o f  va r ia t ion  a n d  P va lues  fo r  m a i n  effects a n d  in t e rac t ions  o f  m u l c h  co lo r  a n d  initial 

n e m a t o d e  p o p u l a t i o n  (Pi) o n  g r o w t h  a n d  yield o f  'Ru tge r s '  t o m a t o  a n d  r o o t  ga l l ing  caused  by Meloidogyne incogaita. 

Treatment  

Early season Total season 

Fruit yield Fruit yield End of season 
Average Average 

Num- fruit Percentage fruit Shoot Root Gall 
Weight ber weight Weight Number  of control ~ weight weight weight index 

Tr ia l  ] (Spr ing)  
Co lo r  ns * * ** *** *** ns ** ns ns 
Pi ns ** *** *** *** *** *** *** ns *** 
Co lo r  × Pi * ns ns ns ns ns ns * ns ns 

Tr ia l  2 (Fall) 
Co lo r  ** ** ns  *** *** ns ns * ns ns 

Pi ns ns ns *** *** *** ns *** *** *** 

Co lo r  × Pi * ns ns ns ns ns ns ns ns ns 

Fruit yield calculated as a percentage of the uninoculated control. 

shoot  weight (trial 1, P = 0.06) and early- 
season fruit  yield (trial 1, P = 0.06; trial 2, P 
= 0.10), bu t  were not  observed for any o ther  
pa rame te r  examined  (Table 2). 

Combined  over  Pi, total-season fruit  yield 
and  fruit  n u m b e r  were greater  for  tomatoes  
grown over  white m u l c h  than  for  those  
grown over  black mulch  (trials 1 and  2, 
Table 3). A significant color × Pi interact ion 
was observed for  shoot  weight (trial 1, P = 
0.06). Shoot  weight declined 71 percen t  at a 
Pi of  100,000 eggs when com pared  to an 
u n i n o c u l a t e d  c o n t r o l  for  whi te  m u l c h ,  
whereas red and  black mulch declined 61 

and  62 pe rcen t ,  respectively,  at a Pi o f  
100,000 eggs when compared  to the uninoc- 
ulated control  (Fig. 2). The  decline in shoot  
weight plot ted as a funct ion o f  log10 (Pi + 1) 
was descr ibed by quadrat ic  equat ions  for  
white (P~< 0.001), red (P= 0.007), and black 
(P = 0.02) mulch.  

Ea r ly - season  m a r k e t a b l e  f ru i t  v a r i e d  
across mulch  color. A significant color × Pi 
interaction was observed for  fruit  yield when 
fruit  weights were totaled over harvests 1-3 
(trial 1, P = 0.06; trial 2, P = 0.10) (Fig. 3). 
Plants grown over red mulch  and  inoculated 
with M. incognita (Pi = 50,000 eggs) had  

TABLE 3. Fru i t  yield, r o o t  weight ,  a n d  f ru i t  n u m b e r  o f  t o m a t o e s  g r o w n  ove r  m u l c h e s  o f  d iverse  co lo r  a n d  
a v e r a g e d  across d i f f e r en t  initial p o p u l a t i o n s  o f  Meloidogyne incognita. 

Total season 

Early season b Fruit yield End of season 

Average Percentage Average Shoot Root 
Fruit yield fruit of fnait weight weight 
(number) weight Weight Number  controF weight (g) (g) 

Tr ia l  1 (Spr ing)  
Co lo r  

Whi te  16 a a 119 a 12.2 a 121 a 70 ab  98 a 
R e d  22 a 113 ab  10.5 ab  108 ab  81 a 96 a 

Black 15 a 102 b 8.6 b 89 b 55 b 88 a 
Tr ia l  2 (Fall) 

Co lo r  
Whi t e  43 a 131 a 15.0 a 146 a 89 a 103 a 
R ed  35 ab  129 a 12.3 b 125 b 87 a 98 a 
Black 2 8 b  1 2 6 a  l l . 0 b  l 1 4 b  9 2 a  9 7 a  

m 

m 

156 a 
l l O b  
123 ab  

471 a 78 a 

401 ab  86 a 
342 b 83 a 

Mean separation based on an LSD test. Values in the same column (within the same trial) followed by the same letter do not 
differ significantly (P = 0.05). Values are averaged across Pi. 

b Early fruit yields collected from harvest 1-3. 
c Fruit yield calculated as a percentage of  the uninoculated control. 
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FIG. 2. Effect of  initial Meloidogjne incognita popula-  
t ions on  shoot  biomass o f  Rutgers  tomato after the  final 
fruit  harvest. Regressions were based on means.  Qua- 
dratic equat ions  were significant at  P < 0.02. 

greater early-season fruit yield than plants 
grown over black or white mulch (trial 1, P= 
0.05) (Fig. 3). Plants grown over white 
mulch in the fall had greater early-season 
yields than plants grown over black mulch 
with a Pi of  10,000, 50,000, or 100,000 eggs 
(trial 2, P--  0.05). Early-season fruit yields 
(harvests 1-3) were not  altered (P= 0.05) by 
Pi of M. incognita (Table 2). Early-season 
fruit number  (harvests 1-3) was higher in 
plants grown over red mulch than in similar 
plants grown over white or black mulch (P 
0.10). 

A significant color × Pi interaction was not  
observed for fruit number,  total yield, root 
weight, or gall index. When averaged across 
mulch color, fruit number  and total yield 
declined with increasing Pi and could be de- 
scribed by quadratic equations for trials 1 
and 2 (P ~ 0.01) (Fig. 4). Root galling in- 
creased with increasing Pi for trials 1 and 2 

( P  ~ 0.01). Root weights declined with in- 
creasing Pi and could be described by a qua- 
dratic equation for trial 1 (P ~ 0.01). Root 
weights increased with Pi for trial 2 and 
could be described by a cubic equation (P 
0.025) (Fig. 4). Tomato plants inoculated 
with 100,000 eggs and  grown over white 
mulch or red mulch yielded more (102% 
and 111%, respectively, P ~  0.01) than simi- 
lar plants grown over black mulch (7.4 kg 
and 7.7 kg vs. 3.6 kg/plot ,  respectively) (trial 
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Effect o f  initial Meloidogyne incognita popula-  FIG. 3. 
t ion on  early-season (harvest 1-3) fruit  weight o f  Rut- 
gets  tomato  grown over several colors of  plastic mulch .  
Mean  separat ion based on LSD test (P  = 0.05). Values 
within a Pi followed by the  same letter do not  differ 
significantly (P  = 0,05). 

1). Tomato plants inoculated with 100,000 
eggs and grown over white mulch yielded 
more (26% and 36%, respectively, P ~  0.01) 
than similar plants grown over red and over 
black mulch (13.4 kg vs. 10.6 kg and 9.9 
kg/plot ,  respectively) (trial 2). Total-season 
fruit yield expressed as a percentage of  the 
uninocula ted  control was significantly al- 
tered (P = 0.01) by mulch color and Pi, but  
a color x Pi interaction was not  observed 
(trial 1, Table 2). Total-season fruit yield av- 
eraged across Pi and expressed as a percent- 
age of the uninoculated control was greater 
for plants grown over red mulch than for 
similar plants grown over black mulch (trial 
1) (Table 3). Total-season fruit yield aver- 
aged across Pi and expressed as a percent- 
age of the uninoculated control did not  dif- 
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FIG. 4. Root galling, root  and fruit weight, and fruit n u mb er  o f  Rutgers tomato inoculated with Meloidogyne 

incognita. Regressions were based on  means.  Values are averaged across mulch  colors. Quadratic equations were 
significant at P ~ 0.05. 

fer for  plants grown over white-, red-, or 
black-colored mulch  in au tumn (trial 2) 
(Table 3). 

DISCUSSION 

Plastic mulches are used to modify the soil 
microcl imate in p roduc t ion  of  high-value 
food crops. Root-knot nematodes  are influ- 
enced  by the envi ronment  surrounding a 
host plant, both  below and above ground 
(Fortnum and Kasperbauer,  1992; Gillard 
and van Den Brande, 1956; Hussey, 1985). 
Together ,  the modified environments influ- 
ence the amount  of root-knot disease. Plas- 
tic mulches which differ in color may pro- 
vide a new tool to modify the environment ,  
thereby affecting plant growth and the de- 

velopment  of  nematode  disease. In our  trials 
mulch color altered root-zone temperatures,  
plant mass, and fruit yield. Phytochrome has 
been implicated in the growth responses of  
t o m a t o  g r o w n  o v e r  d i f f e r e n t  c o l o r e d  
mulches, and manipulat ion of  the phyto- 
chrome system within the host plant has re- 
sulted in altered reproduct ion  of  M. incog- 
nita when root  temperatures were held con- 
stant across light treatments of  the shoot  in 
a cont ro l led  env i ronment  (For tnum and 
Kasperbauer, 1992). In a previous study, we 
found that mulch color affected early post- 
transplant tomato plant growth and root- 
knot  nematode  reproduct ion (Fortnum et 
al., 1995). In the present  field experiments,  
in which root  temperatures differed below 
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t h e  d i f f e r e n t  c o l o r e d  m u l c h e s ,  t o m a t o  
plants  g rown over  white m u l c h  deve loped  
m o r e  b ranches  a nd  were heavier  than  plants  
g rown over  black o r  red  mulch .  A larger  
p lan t  may  be able to tolerate  losses o f  car- 
b o n  (fixed by the leaf  tissues) to n e m a t o d e  
d e v e l o p m e n t  due  to a g rea te r  quant i ty  o f  
pho tosyn the t i c  leaf tissues to suppor t  p lan t  
growth.  Larger  total-season yields were ob- 
served in b o t h  the  spr ing a nd  fall trials with 
plants  grown over  white mulch .  

As r epo r t ed  in previous yield trials where  
co lo red  plastic mulches  were evaluated (De- 
co teau  et al., 1986), plants  grown over red  
m u l c h  p r o d u c e d  a grea te r  po r t i on  o f  their  
yield earl ier  in the season. Earl ier  f rui t ing 
was m o r e  p r o n o u n c e d  in the spr ing than  in 
the fall. Acce lera t ing  c rop  matur i ty  may  pro-  
vide an  advantage  to a p r o d u c e r  by provid- 
ing fruit  early in the  harvest  season w h e n  
c rop  value may be highest .  Roo t -kno t  nema-  
tode  popu la t ions  increase with each  genera-  
t ion as the eggs ha tch  and  re infec t  a plant.  
T h e  ene rgy  d e m a n d s  on  the  p lan t  are  great-  
est du r ing  the later  stages o f  n e m a t o d e  de- 
v e l o p m e n t  a n d  the  o n s e t  o f  e gg  lay ing  
(Melakeberhan  a nd  Ferris, 1988). Increas-  
ing the  rate o f  p l an t  ma tu ra t ion  may provide  
an  advan tage  in avo id ing  the  e n e r g y  de- 
m a n d s  associated with the  late-season in- 
crease o f  nematodes .  Plants g rown over  red  
m u l c h  in the spr ing and  inocu la ted  with M. 
incognita lost less o f  their  yields t han  plants  
g r o w n  over  b lack  o r  whi te  m u l c h  w h e n  
yields were calculated as pe rcen tage  o f  an  
u n in o cu l a t ed  control .  

Mulch  co lor  played a signif icant  role in 
d e t e r m i n i n g  soil t e m p e r a t u r e s .  C a n o p y  
structure,  as affected by n e m a t o d e  parasit- 
ism in terms o f  a m o u n t  o f  shading,  a l tered 
soil t empera tu res  u n d e r  the co lo red  plastic 
m u l c h  in an  interactive fashion.  Lower  soil 
t e m p e r a t u r e s  u n d e r  n e m a t o d e - i n f e c t e d  
plants  g rown over  white mu lch  con t ras ted  to 
the  inc reased  t e m p e r a t u r e s  u n d e r  n e m a -  
tode- infec ted  plants  in the  darker -co lored  
mulches  (black a nd  red) .  No t  only  d id  the  
soil and  l ight  env i ronmen t s  affect n e m a t o d e  
disease bu t  the n e m a t o d e - i n d u c e d  disease 
( r educed  canopy  size) in te rac ted  with the 
m u l c h  color ,  affecting soil t empera tures .  

Typically, p lan t  g rowth  responses  to in- 
creasing Pi o f  Meloidogyne slop. are descr ibed  
by quadra t ic  re lat ionships  ( F o r t n u m  et al., 
1991). Mulch  co lor  did n o t  a p p e a r  to affect 
how  biomass was par t i t ioned  with increas ing 
Pi a n d  ag reed  with earl ier  repor t s  ( F o r m u m  
a n d  K a s p e r b a u e r ,  1992; F o r t n u m  et  al., 
1991).  T h e  d i f f e r en t  r e s p o n s e s  b e t w e e n  
spr ing and  fall p lant ings  in these and  previ- 
ous studies suggest  factors such as soil tem- 
pe ra tu re  and  day leng th  may play a role in 
disease deve lopment .  Fur the r  work  will be 
requ i red  to separate  the effects o f  l ight re- 
f lected f rom the  co lo red  mulches  f r o m  the 
differences in soil t empera tu res  below these 
same mulches .  Nevertheless,  the use o f  col- 
o red  m u l c h  al lowed us to man ipu la te  bo th  
soil t empera tu re  and  the seedl ing light en- 
v i r o n m e n t  with the e n d  result  be ing  a modi -  
f ied host-parasite re la t ionship  a n d  disease 
deve lopment .  
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