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

B. A. ForTNUM,? D. R. DECOTEAU,® AND M. J. KASPERBAUER*

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 (Lycopersicon esculentum). White mulch reflected more 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).
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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 light reflected from colored
mulches alter morphological development
in tomato. Photomorphogenesis in plants is
regulated by light in the red (R) and farred
(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 of phytochrome, 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
between field trials and controlled-
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 (Fortnum 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-
tity and spectral balance of light reflected
into the crop canopy, alter nematode devel-
opment in the field (Forthum 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% (NH,),HPO,, 40 kg/ha of P from the
(NH,),HPO,, and 75 kg/ha of K from KCI)
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 5nm 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 5EQC), 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 monitored with a Campbell
21X Micrologger (Campbell Scientific, Lo-
gan, UT) with copper-constantan fixed ther-
mocouples. Soil temperature data were av-
eraged for each 60-minute period but re-
ported only every 2 hours. Temperature
data were collected from infested (100,000
eggs/plant) and uninfested plots to com-
pare the effects of crop canopy size on soil
temperatures. Each temperature value
within a mulch color and measured depth is
the recorded mean from nine thermo-
couples distributed over three replications
(3 thermocouples/subplot).

Plant growth, yield and nematode development:
‘Rutgers’ tomato was used in these studies.
Tomato seeds were germinated 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 bromide application,
seedlings were transplanted to the mulch-
covered beds on 17 May and 5 August 1989.
An M. incognita race 3 population was iso-
lated from field plots at the Clemson Pee
Dee Research and Education Center near
Florence, South Carolina, and cultured on
‘Rutgers’ tomato. Nematode eggs from roots
of 50-day-old plants were extracted in 0.05%
sodium hypochlorite (NaOCl) 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 determined bi-
weekly during a 3-week period (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 separated into stem (including
branches) and roots. Fresh plant parts were
weighed and recorded. Root galling was
rated from 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 NaOCl] 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).

REsuLTS

Plant and soil microclimate: Measurements
made at the end of trial 1 demonstrated that
mulch surface color influenced 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 under white
mulch than under red or black for julian
days 156-200 (Fig. 1A-C). Temperatures
were cooler at a 10-cm depth than at 5 cm
under black plastic, but the difference di-

TaBLE 1. Quantity and quality of light reflected to
a point 10 cm above colored mulch surfaces.

Mulch PPF* | FR/R
surface color (pmol -m™®-s71) ratio®
White 898 1.00
Red 273 1.16
Black 94 —

* 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~

® 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 in upwardly
reflected light are means for at least 10 scans.

¢ 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 [arge but meaningless ratio.
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F16. 1. Rootzone temperatures recorded 5 and 10 cin 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 Meloidogyne incognita eggs (julian day 167-177).

minished as the season progressed (Fig. 1A—
(). 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
< (.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 of variation and P values for main effects and interactions of mulch color and initial

nematode population (Pi) on growth and yield of ‘Rutgers’ tomato and root galling caused by Meloidogyne incognita.

Farly season

Total season

Fruit yield Fruit yield End of season
Average Average
Num- fruit Percentage fruit Shoot Root Gall
Treatment ‘Weight ber weight  Weight Number of control*  weight  weight weight index
Trial 1 (Spring)
Color ns * * wk wEE Fk ns % ns ns
Pi ns E wkk sk sk Fexk s sk ns Fkx
Color x Pi * ns ns ns ns ns ns ® ns ns
Trial 2 (Fall)
Color *ak wk ns koK F ns ns * ns ns
Pi ns ns ns Sk sk *xk ns Fexk sk EE T
Color x 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), but were not observed for any other
parameter examined (Table 2).

Combined over Pi, total-season fruit yield
and fruit number were greater for tomatoes
grown over white mulch than for those
grown over black mulch (trials 1 and 2,
Table 3). A significant color x Pi interaction
was observed for shoot weight (trial 1, P =
0.06). Shoot weight declined 71 percentat a
Pi of 100,000 eggs when compared to an
uninoculated control for white mulch,
whereas red and black mulch declined 61

TABLE 3.

and 62 percent, respectively, at a Pi of
100,000 eggs when compared to the uninoc-
ulated control (Fig. 2). The decline in shoot
weight plotted as a function of log,, (Pi+ 1)
was described by quadratic equations for
white (P= 0.001), red (P=0.007), and black
(P = 0.02) mulch.

Early-season marketable fruit varied
across mulch color. A significant color x 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 muich and inoculated
with M. incognita (Pi = 50,000 eggs) had

Fruit yield, root weight, and fruit number of tomatoes grown over mulches of diverse color and

averaged across different initial populations of Meloidogyne incognita.

Total season

Early season® Fruit yield End of season
Average Percentage Average Shoot Root
Fruit yield fruit of fruit weight weight
(number) weight Weight Number control® weijght [F:)] ()
Trial 1 (Spring)
Color
White 16 a* 119a 12.2a 121 a 70 ab 98 a — 156 a
Red 22 a 113 ab 10.5 ab 108 ab 8la 96a — 110b
Black 15a 102 b 8.6b 89b 55b 88a — 123 ab
Trial 2 (Fall)
Color
White 43a 131a 15.0a 146 a 89a 103 a 471 a 78a
Red 35 ab 1292 12.3b 125 b 87a 98 a 401 ab 86a
Black 28 b 126 a 11.0b 114b 92a 97a 342b 83a

* 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.
® Farly fruit yields collected from harvest 1-3.

 Fruit yield calculated as a percentage of the uninoculated control.
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Fic. 2. Effect of initial Meloidogyne incognita popula-

tions on shoot biomass of Rutgers tomato after the final

fruit harvest. Regressions were based on means. Qua-
dratic equations 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
vields 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).

Asignificant color x 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 (£ = 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

w
1

Fruit yield (Kg)

Fruit yield (Kg)

Log 1o (Pi+1)

Fic. 3. Effect of initial Meloidogyne incognita popula-
tion on earlyseason (harvest 1-3) fruit weight of Rut-
gers tomato grown over several colors of plastic mulch.
Mean separation 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 86%, 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
uninoculated 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). Totalseason 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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Fic. 4. Root galling, root and fruit weight, and fruit number of 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 autumn (trial 2)
(Table 3),

Discussion

Plastic mulches are used to modify the soil
microclimate in production of high-value
food crops. Root-knot nematodes are influ-
enced by the environment 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 rootknot 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
tomato grown over different colored
mulches, and manipulation of the phyto-
chrome system within the host plant has re-
sulted in altered reproduction of M. incog-
nita when root temperatures were held con-
stant across light treatments of the shoot in
a controlled environment (Fortnum and
Kasperbauer, 1992). In a previous study, we
found that mulch color affected early post-
transplant tomato plant growth and root-
knot nematode reproduction (Fortnum et
al,, 1995). In the present field experiments,
in which root temperatures differed below
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the different colored mulches, tomato
plants grown over white mulch developed
more branches and were heavier than plants
grown over black or red mulch. A larger
plant may be able to tolerate losses of car-
bon (fixed by the leaf tissues) to nematode
development due to a greater quantity of
photosynthetic leaf tissues to support plant
growth. Larger total-season yields were ob-
served in both the spring and fall trials with
plants grown over white mulch.

As reported in previous yield trials where
colored plastic mulches were evaluated (De-
coteau et al., 1986), plants grown over red
mulch produced a greater portion of their
yield earlier in the season. Earlier fruiting
was more pronounced in the spring than in
the fall. Accelerating crop maturity may pro-
vide an advantage to a producer by provid-
ing fruit early in the harvest season when
crop value may be highest. Root-knot nema-
tode populations increase with each genera-
tion as the eggs hatch and reinfect a plant.
The energy demands on the plant are great-
est during the later stages of nematode de-
velopment and the onset of egg laying
{Melakeberhan and Ferris, 1988). Increas-
ing the rate of plant maturation may provide
an advantage in avoiding the energy de-
mands associated with the late-season in-
crease of nematodes. Plants grown over red
mulch in the spring and inoculated with M.
incognita lost less of their yields than plants
grown over black or white mulch when
yvields were calculated as percentage of an
uninoculated control.

Mulch color played a significant role in
determining soil temperatures. Canopy
structure, as affected by nematode parasit-
ism in terms of amount of shading, altered
soil temperatures under the colored plastic
mulch in an interactive fashion. Lower soil
temperatures under nematode-infected
plants grown over white mulch contrasted to
the increased temperatures under nema-
tode-infected plants in the darker-colored
mulches (black and red). Not only did the
soil and light environments affect nematode
disease but the nematode-induced disease
(reduced canopy size) interacted with the
mulch color, affecting soil temperatures.

Typically, plant growth responses to in-
creasing Pi of Meloidogyne spp. are described
by quadratic relationships (Fortnum et al,,
1991). Mulch color did not appear to affect
how biomass was partitioned with increasing
Pi and agreed with earlier reports (Fortnum
and Kasperbauer, 1992; Fortnum et al.,
1991). The different responses between
spring and fall plantings in these and previ-
ous studies suggest factors such as soil tem-
perature and day length may play a role in
disease development. Further work will be
required to separate the effects of light re-
flected from the colored mulches from the
differences in soil temperatures below these
same mulches. Nevertheless, the use of col-
ored mulch allowed us to manipulate both
soil temperature and the seedling light en-
vironment with the end result being a modi-
fied host-parasite relationship and disease
development.

LITERATURE CITED

Barker, K. R, J. L. Townshend, G. W. Byrd, I. ]J. Tho-
mason, and D. W. Dickson. 1986. Determining nema-
tode population responses to control agents. Pp. 283—
296 in K. D. Hickey, ed. Methods for evaluating pesti-
cides for control of plant pathogens. St. Paul, MN: APS
Press.

Bergeson, G. B. 1966. Mobilization of minerals to the
infection site of root-knot nematodes. Phytopathology
56:1287-1289.

Bird, A. F., and B. R. Loveys. 1980. The involvement
of cytokinins in a host-parasitic relationship between
the tomato (Lycopersicon esculentum) and a nematode
(Meloidogyne javanica). Parasitology 80:497-505.

Bird A F., M. R. Sauer, R. N. Chapman, and B.R.
Loveys. 1980. The influence of light quality on the
growth and fecundity of Meloidogyne infesting tomato.
Nematologia Mediterranea 8:59-66.

Decoteau, D. R., D. D. Daniels, M. J. Kasperbauer,
and P. G. Hunt. 1986. Colored plastic mulch and to-
mato morphogenesis. Proceedings of the National Ag-
ricultural Plastics Congress 19:240-248.

Decoteau, D.R., M. J. Kasperbauer, D. D. Daniels,
and P. G. Hunt. 1988. Plastic mulch color effects on
reflected light and tomato plant growth. Scientia Hor-
ticulturae 34:169-175.

Decoteau, D. R., M. ]. Kasperbauer, and P. G. Hunt.
1989. Mulch surface color affects yield of fresh-market
tomatoes. Journal of the American Society for Horticul-
tural Science 114:216-220.

Decoteau, D. R, M. J. Kasperbauer, and P. G. Hunt.
1990. Bell pepper plant development over mulches of
diverse colors. HortScience 25:460-462.

Fortnum, B. A., D. R. Decoteau, M. J. Kasperbauer,



546 Journal of Nematology, Volume 29, No. 4, December 1997

and W. Bridges. 1995. Effect of colored mulch on root-
knot of tomato. Phytopathology 85:312-318.

Fortnum, B. A., and M. ]J. Kasperbauer. 1992. Bio-
mass partitioning and root-knot nematode develop-
ment in tomato plants under end-of-day red or farred
light. Crop Science 32:408-411.

Fortnum, B. A., M. ]J. Kasperbauer, P. G. Hunt, and
W. C. Bridges. 1991. Biomass partitioning in tomato
plants infected with Meloidogyne incognita. Journal of
Nematology 23:291-297.

Gillard, A., and J. van Den Brande. 1956. Influence
de la lumiere sur le development du nematode des
racines, Meloidogyne sp. Nematologica 1:184-188.

Glazer, 1., D. Orion, and A. Apelbaum. 1983. Inter-
relationships between ethylene production, gall forma-
tion, and rootknot nematode development in tomato
plants infected with Meloidogyne javanica. Journal of
Nematology 15:539-544.

Hussey, R. S. 1985. Host-parasite relationships and
associated physiological changes. Pp. 143-153 in J. N.
Sasser and C. C. Carter, eds. An advanced treatise on
Meloidogyne, vol. 1. Biology and control. Raleigh, NC:
North Carolina State University Graphics.

Hussey, R. S., and K. R. Barker. 1973. A comparison
of methods of collecting inoculum of Meloidogyne spp.,
including a new technique. Plant Disease Reporter 57:
1025-1028.

Kasperbauer, M. J. 1971. Spectral distribution of light
in a tobacco canopy and effects of end-of-day light qual-
ity on growth and development. Plant Physiology 47:
775-778.

Kasperbauer, M. J. 1987. Far-red light reflection from
green leaves and effects on phytochrome-mediated as-
similate partitioning under field conditions. Plant
Physiology 85:350-354.

Kasperbauer, M. J. 1988. Phytochrome involvement
in regulation of photosynthetic apparatus and plant ad-
aptation. Plant Physiology and Biochemistry 26:519—
524.

Kasperbauer, M. J., P. G. Hunt, and R. E. Sojka. 1984.
Photosynthate partitioning and nodule formation in
soybean plants that received red or far-red light at the
end of the photosynthetic period. Physiologia Planta-
rum 61:549-554.

Kasperbauer, M. ]J., and D.L. Karlen. 1986. Light-
mediated bioregulation of tillering and photosynthate
partitioning in wheat. Physiologia Plantarum 66:159—
163.

Kochba, J., and R. M. Samish. 1971. Effect of kinetin
and l-naphthylacetic acid on rootknot nematodes in
resistant and susceptible peach rootstocks. Journal of
the American Society for Horticultural Science 96:458—-
461.

McClure, M. A. 1977. Meloidogyne incognita: A meta-
bolic sink. Journal of Nematology 9:88-90.

Melakeberhan, H., and H. Ferris. 1988. Growth and
energy demand of Meloidogyne incognita on susceptible
and resistant Vitis vinifera cultivars. Journal of Nematol-
ogy 20:545-554.

Sasser, J. N., and C. C. Carter. 1982, Root-knot nema-
todes (Meloidogyne spp.): Identification, morphological
and physiological variation, host range, ecology, and
control. Pp. 21-32 inR. D. Riggs, ed. Nematology in the
southern region of the United States. Southern Coop-
erative Series Bulletin 276. Arkansas Agricultural Ex-
periment Station, Fayetteville, AR.

Schopfer, P. 1984. Photomorphogenesis. Pp. 380
407 in M. B. Wilkins, ed. Advanced plant physiology.
London: Pitman Publishing.

Steel, R. G. D., and J. H. Torrie. 1960. Principles and
procedures of statistics. New York: McGraw-Hill.

Taylor, A. L, and J. N. Sasser. 1978. Biology, identi-
fication, and control of root-knot nematodes (Meloido-
gyne species). Raleigh, NC: North Carolina State Uni-
versity Graphics.



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

