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HORTICULTURAL ENTOMOLOGY

Management of Corn Leafhopper (Homoptera: Cicadellidae) and
Corn Stunt Disease in Sweet Corn Using Reflective Mulch

C. G. SUMMERS1 AND J. J. STAPLETON2

Department of Entomology, University of California, One Shields Avenue Davis, CA 95616

J. Econ. Entomol. 95(2): 325Ð330 (2002)

ABSTRACT Plastic reßective mulches signiÞcantly reduced populations of corn leafhopper, Dal-
bulus maidis (DeLong & Wolcott), adults and the incidence of corn stunt disease caused by Spiro-
plasma kunkelii (CSS) in late planted sweet corn (Zea mays L.). The reßective mulches were more
effective than were either foliar or soil applied insecticides in managing both the leafhopper and the
pathogen it transmits. Yields of marketable ears were 1.5 to 2 times greater in reßective mulch plots
than from fallow plots. This was due to larger ears (individual ear weight and length) rather than an
increase in the number of ears. The use of reßective mulches provides an alternative strategy to
insecticides in the management of both D. maidis and corn stunt disease. Such a strategy may prove
useful to growers in Latin America and to limited resource growers and organic growers in the United
States who wish to grow corn without the use of insecticides.

KEY WORDS Dalbulus maidis, Spiroplasma kunkelii, corn leafhopper, corn stunt disease, reßective
mulch, insect vector

THE CORN LEAFHOPPER, Dalbulus maidis (DeLong &
Wolcott), is found on corn (Zea mays L.) throughout
much of the southeastern and southwestern United
States. In addition, to yield losses caused by feeding
injury (Bushing and Burton 1974), corn leafhopper is
an important vector of corn stunt disease, a debilitat-
ing afßiction that can result in even more signiÞcant
yield losses than those attributable to direct leafhop-
per feeding alone (Nault 1985, Moya-Raygoza and
Nault 1998). In Latin America, three pathogens, corn
stunt spiroplasma (CSSÐSpiroplasma kunkelii), maize
bushy stunt phytoplasma (MBSP), and maize rayado
Þno maraÞvirus (MRFM) are involved in the corn
stunt complex (Nault and Bradfute 1979), collectively
referred to as ÔachaparramientoÕ (Hruska and Peralta
1997). In California, only S. kunkelii has been isolated
fromplantswith corn stunt disease symptoms (Purcell
and Suslow 1984).
In the United States, both feeding injury and corn

stunt disease are of greatest signiÞcance on late
planted corn (Pitre et al. 1967, Bushing and Burton
1974). In California, the corn leafhopper has been
reported from southern California (Los Angeles and

Riverside counties) and the southern San JoaquinVal-
ley (Kern, Kings, Tulare and Fresno counties) (Bush-
ing and Burton 1974, Bushing et al. 1975). Corn leaf-
hopper was Þrst reported causing injury to Þeld corn
in Fresno and Tulare counties in 1942 (Frazier 1945).
It is not knownwhenCSSwas Þrst introduced into the
state, but Frazier (1945) described a “. . . disease of
corn (Zea mays L.) apparently hitherto unreported
from California . . .” that Þts the description of the
disease caused by S. kunkelii. Corn leafhopper was
again reported in the late 1960s (Bushing and Burton
1974,Bushinget al. 1975).Damage apparentlywasdue
solely to leafhopper feeding as the authors found no
evidence of corn stunt disease during Þeld trials con-
ducted in 1969Ð70. Corn leafhopper reappeared in
1981, but again, no evidence of corn stunt disease was
observed. In 1996, corn leafhopper populations
reached extremely high levels on late maturing Þeld
corn (silage and grain) and sweet corn in Fresno,
TulareandKingscounties. Inaddition,manyÞeldshad
a high incidence of corn stunt disease and S. kunkelii
was identiÞed from plants showing characteristic
symptoms. The combination of leafhopper feeding
and disease resulted in substantial yield and quality
losses. Since then, leafhopper populations and the
incidence of corn stunt disease have continued to be
a yearly problem in the southern San Joaquin Valley.
Insecticides evaluated for corn leafhopper control

appear to give mixed results with most providing only
minimal, short-term protection (Bhird and Pitre 1972,
Bushing and Burton 1974, Bushing et al. 1975). In
addition, many growers wish to avoid insecticide ap-

The product referred to in this paper as “Colorup” (Specialty Ag,
Reedley, CA) is no longer available. Specialty Ag has been sold to
Blake EnterprisesÐB & C Agriculture, Reedley, CA. They market a
reßective mulch called “Sunbright,” which is the identical product to
“Colorup,” just with a new name.
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plications altogether andmany limited resource farm-
ers, both in the United States and Latin America, are
ill equipped to handle and apply some of the more
toxic materials (Hruska and Peralta 1997). In Nicara-
gua, many growers are injured annually applying pes-
ticides to their corn crop for leafhopper control (Mc-
Connell and Hruska 1993). Disease control through
vector management is generally not effective in re-
ducing the incidence of corn stunt disease, particu-
larly that caused byCSS (Bhird andPitre 1972,Hruska
andPeralta 1997). The spiroplasma canbe transmitted
before the vector acquires a lethal dose of toxicant.
Anaya Garcia (1975) found a transmission rate of
achaparramiento pathogens of 40Ð90% in only 30min.
The incidence and onset of many of the aphid-

borne viruses can be signiÞcantly reduced and de-
layed by use of reßective plasticmulch (Johnson et al.
1967, Wyman et al. 1979, Brown et al. 1993, Summers
et al. 1995, Summers and Stapleton 1998, 1999a,
1999b). Also, the incidence of some leafhopper infes-
tations (Wells et al. 1984) and leafhopper borne
pathogens (Setiawan and Ragsdale 1987) has been
reducedusing reßectivemulch.Becauseof the success
we have had in reducing the incidence of aphid-borne
virus diseases using reßective mulch (Summers et al.
1995, Summers and Stapleton 1998, 1999a, 1999b), we
wanted to determine if this technique could also be
used to manage CSS. This paper reports the results of
these studies.

Materials and Methods

Field Site and Planting Preparation. Field studies
were conducted at the University of California, Kear-
ney Agricultural Research and Extension Center, Par-
lier, CA, in 1997Ð1999 on aHanford sandy loam(Typic
Xerothents) soil. Plot preparation consisted of preir-
rigation followed by a broadcast application (Overum
Tive 812 Jet Applicator, Overum, Sweden) ofN, P and
K (15-15-15) at 560 kg/ha. The fertilizer was incor-
porated to a 15-cm depth by disking. Raised planting
beds, 60 cm wide with 102 cm between centers, were
formed with a mechanical culti-mulch bed shaper-
tiller (B.W. Implement, Buttonwillow, CA). The her-
bicide,S-Metolachlor (Dual IIMagum,NorvartisCrop
Protection, Greensboro, NC) at 2.15 kg [AI]/ha was
sprayed on the beds in 189 liters of water per ha using
an FMC hydraulic sprayer, model DP20 3PT (FMC,
Jonesboro, AR) equipped with Tee Jet (Spraying Sys-
tems, Bellwood, IL) 8004 nozzles and incorporated to
a depth of 10 cmwith a second pass of the culti-mulch
bed shaper-tiller.

Plot Description, Experimental Design and Treat-
ments. Individualplots consistedof threebeds totaling
3.06 m wide by 10 m long. Individual plots were sur-
rounded on all sides by 3.06 m of bare soil. The center
row (bed)was used for all data collection and the two
outside rows were designated as guard rows. Treat-
ments were arranged in a randomized complete block
design with four replications in 1997 and 1999 and six
replications in 1998. In 1997, the two plastic reßective
mulches evaluated were Colorup, (Specialty Ag,

Reedley, CA) and AEP (AEP Industries, Moonachie,
NJ). Colorup is a polyethylene Þlm coated with a thin
layer of aluminum �0.5 �m thick (metalized mulch)
and casts the appearance of aluminum foil. AEP is a
silver embossed polyethylene Þlm that appears Ôshiny
grayÕ to the human eye. A third treatment consisted of
an unmulched fallow control. In 1998 treatments in-
cluded a second metalized mulch, Sonoco RF
(Sonoco, Hartsville, SC) in place of the AEP, a foliar
applied insecticide, methomyl and an unmulched fal-
low control. In 1999, treatments included Sonoco RF
Þlm, foliar applied permethrin, preplant soil injected
thiomethoxam and an untreated fallow control. Col-
orup and Sonoco RF Þlms were 12.5 �m thick and the
AEPmulchwas 25�mthick. SonocoRFwasmetalized
over black polyethylene Þlm while Colorup was met-
alized over pink Þlm.

Mulch and insecticide applications. Plastic mulches
(allwere 152 cmwide)were cut to length, placedover
thebeds and anchored around the edgeswith soil. The
foliar insecticides methomyl (0.5 kg [AI]/ha] and
permethrin [0.28 kg [AI]/ha) were applied in 185
liters of water per ha with a CO2 powered back pack
sprayer equippedwithCone Jet TX12 nozzles (Spray-
ing Systems). Methomyl was applied on 2 and 16
September and seven October 1998. Permethrin was
appliedon3and20September and5October 1999.On
12 August 1999, thiomethoxam, at 1.51 g [AI]/100 m
of row in 185 liters of water per ha, was injected into
the soil to a depth 12 cm through a tractor mounted
shank using CO2 as a propellant.

Crop establishment and cultural practices. Before
placement of the mulches, plastic T-tape drip tubing
(Rain-for-Rent, Fresno, CA) was installed on the sur-
face (center) of each bed. All irrigations throughout
the season were delivered through the drip tubing.
Additional N (liquid 17-0Ð0), at 33.6 kg/ha, was ap-
plied through the drip system every 2Ð3wk as needed.
Planting holes, �8 cm in diameter, were burned
through theplasticmulchesusing ahandheldpropane
torch. Three seeds, cultivar ÔSilver QueenÕ, per hill
(hills were 30.5 cm apart) were planted on 15 August,
12 August and 13 August in 1997, 1998, and 1999,
respectively. After seedling emergence, the stand was
thinned to one plant per hill. Plots were handweeded
as needed. Beginning at 5% silk formation, plots were
treated � every 10-d with Bacillus thuringiensis Ber-
liner (Dipel) at 1.12 kg [AI]/ha for corn earworm,
Helicoverpa zea (Broddie) control.

Leafhopper Sampling and Disease Incidence De-
termination. Adult corn leafhopper populations were
evaluated by taking D-vac samples from every other
plant in the center row of each plot (15-s suction time
per plant). A total of 25 plants per plot was sampled.
Samples were processed through Berlese funnels for
48 h, the adult leafhoppers collected in alcohol and
counted in the laboratory. The presence of S. kunkelii
was conÞrmed by examining Þve symptomatic plants
from each control plot using phase contrast micros-
copy and disease incidence was determined by visual
inspection. Plants were considered infected if they
demonstrated the following symptoms: stunting and
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shortened internodes, small deformed ears, reddening
of older leaves and yellow streaking of younger leaves.

Harvest and Postharvest Processing. At maturity,
ears from the center row of each plot were harvested,
counted, weighed and transported to the laboratory
where 25 ears from each treatment were selected at
random and husked. Ear length was measured and
fresh husked weights taken. After harvest, 10 plants
from the center row of each plot were selected at
random, the stalks cut at ground level and their length
measured.

Statistical Analysis.Datawere evaluated by analysis
of variance (ANOVA) and means were separated by
Fisher Protected least signiÞcant difference (LSD)
(AbacusConcepts 1991). Percentage values (diseased

plants) were transformed to arcsine �x) before anal-
ysis and back transformed for presentation.

Results

Dalbulus maidis Populations. The plastic mulches
signiÞcantly (P � 0.05) reduced adult population den-
sity and delayed the buildup of D. maidis numbers
compared with the unmulched control plots (Fig. 1).
There appeared to be no difference among the mulch
types in their ability to repel D. maidis. The mulches
were more effective in reducing population densities
of D. maidis than were the insecticides. Foliar appli-
cations of methomyl and permethrin, applied three
times during the growing season, were more effective
in limiting leafhopper buildup than was the single
preplant application of thiomethoxam.

Disease Incidence. The incidence of corn stunt dis-
easewas signiÞcantly (P � 0.05) lower in plants grow-
ing over the reßective mulches compared with the
insecticide treated plots and the unmulched control
(Table 1). Neither foliar sprays nor the soil applied
insecticide reduced disease incidence over that of the
untreated and unmulched control.

Yield Parameters. The use of reßective mulch re-
sulted in signiÞcant (P � 0.05) yield increases com-
paredwith the other treatments. Yields in all 3 yr from

Fig. 1. Mean � SEM number of adult corn leafhoppers
per plant in sweet corn, 1997Ð1999. Means followed by the
same letter(s) are not signiÞcantly different at P � 0.05,
Fisher protected LSD. Comparisons are valid only within
sample dates. Colorup, Sonoco RF, AEP and Sunbright are
plastic reßective mulches.

Table 1. Mean � SEM percentage of sweet corn plants showing
symptoms of corn stunt disease at harvest

Treatment
Year

1997 1998 1999

Colorup 7.6 � 0.2a 0.0 � 0.0a Ñ
Sonoco RF Ñ 0.1 � 0.1a 6.8 � 0.1a
AEP 17.8 � 0.2a 0.0 � 0.0a Ñ
Methomyl Ñ 25.6 � 0.8b Ñ
Permethrin Ñ Ñ 55.4 � 0.7b
Thiomethoxam Ñ Ñ 44.5 � 1.1b
Control 80.2 � 2.8b 15.6 � 0.2b 76.6 � 2.2b

F � 17.82 32.18 9.69
df � 3, 2 5, 4 3, 3
P � 0.0030 0.0001 0.0035

See text fordescriptionof symptoms.Means�SEMfollowedby the
same letter(s) are not signiÞcantly different at P � 0.05. Fishers
protected LSD.

Table 2. Effect of selected treatments on mean � SEM sweet
corn yield (kg per plot of unhusked ears)

Treatment
Year

1997 1998 1999

Colorup 16.1 � 0.8a 13.8 � 0.4ab Ñ
Sonoco RF Ñ 15.9 � 0.9a 17.9 � 0.3a
AEP 15.4 � 0.3a 13.0 � 1.1bc Ñ
Methomyl Ñ 10.3 � 0.8cd Ñ
Permethrin Ñ Ñ 14.7 � 0.8b
Thiomethoxam Ñ Ñ 14.9 � 0.4b
Control 7.4 � 0.6b 10.0 � 1.3d 14.5 � 1.5b

F � 117.53 6.70 7.67
df � 3, 2 5, 4 3, 3
P � 0.0001 0.0014 0.0075

Means � SEM followed by the same letter(s) are not signiÞcantly
different at P � 0.05. Fishers protected LSD.
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plants grown over reßective mulch Þlms were 1.5 to 2
times those of plants grown over fallow soil. Insecti-
cides, either foliar or soil applied, did not result in a
signiÞcant (P � 0.05) yield increase over the mulches
or the fallow control (Table 2). Neither the reßective
mulches nor the insecticides had a signiÞcant (P �
0.05) impact on the number of ears produced when
compared with the unmulched and untreated control
(Table 3). In 1997, ear length (husked) was signiÞ-
cantly (P � 0.05) longer in plants grown over reßec-
tivemulch than in those grown over fallow soil (Table
4). In 1998, however,we observed nodifference in ear
length. Although populations of D. maidis were sus-
tained over a longer period in 1998 than in 1997 (Fig.
1), the incidence of corn stunt during 1998 was con-
siderably lower than in the previous year. This may
have contributed to the lack of an overall signiÞcant
difference in ear length for that year. Unfortunately,
ear length measurements were not obtained in 1999.
Meanearweight (husked)was substantially greater in
plants grown over reßective mulch than from those
grown over fallow soil. In each of the three experi-
ments, insecticides did not signiÞcantly increase ear
weights compared with the untreated control (Table
5). Plants growing over reßective mulch had longer
stalks than did those growing over unmulched soil or
in plots treated with insecticide (Table 6).

Discussion

Reßective mulches have been used successfully to
manage aphids and whiteßies in a variety of vegetable
crops (Adlerz and Everett 1968; Brown et al. 1993;
Summers et al. 1995; Csizinszky et al. 1997, 1999; Sum-
mers and Stapleton 1998, 1999a, 1999b). Reßective
mulches have also proven effective in reducing the
incidence of aphid-transmitted virus diseases (Brown
et al. 1993; Summers et al. 1995; Summers and Staple-
ton 1998, 1999a, 1999b). The current study provides
support for an effective, alternative strategy to insec-
ticides for themanagementofD.maidis andcorn stunt
disease caused by CSS. It demonstrates the effective-
ness of reßective mulch in repelling leafhopper adults
(Fig. 1) and in reducing the incidence of corn stunt
disease(Table1)causedbyS.kunkelii and transmitted
byD.maidis.SetiawanandRagsdale (1987) found that
aluminum foil signiÞcantly reduced numbers of the
leafhopper Macrosteles fascifrons (Stål) on carrots,
comparedwith population levels onplants growing on
bare soil or in plants treated with malathion. The
incidence of aster yellows disease, transmitted by M.
fascifrons, was also signiÞcantly lower in carrot plants
grown over foil. The effectiveness of the reßective
mulch decreased as plant canopy cover increased, a
direct result of a reduction in the mulches reßective
surfacearea(SetiawanandRagsdale1987).Wells et al.

Table 3. Effect of selected treatments on the mean � SEM
number of ears per plot in sweet corn

Treatment
Year

1997 1998 1999

Colorup 48.5 � 1.0a 46.5 � 1.5a Ñ
Sonoco RF Ñ 46.5 � 0.8a 45.3 � 1.9a
AEP 49.0 � 0.6a 45.2 � 2.1a Ñ
Methomyl Ñ 42.2 � 2.0a Ñ
Permethrin Ñ Ñ 42.4 � 0.5a
Thiomethoxam Ñ Ñ 43.5 � 0.9a
Control 45.3 � 1.8a 44.7 � 1.9a 41.0 � 1.5a

F � 3.16 1.71 2.29
df � 3, 2 5, 4 3, 3
P � 0.1156 0.1873 0.1468

Means � SEM followed by the same letter(s) are not signiÞcantly
different at P � 0.05. Fishers protected LSD.

Table 4. Effect of selected treatments on mean � SEM ear
length (cm) in sweet corn

Treatment
Year

1997 1998

Colorup 17.7 � 0.3a 19.9 � 0.2a
Sonoco RF Ñ 20.3 � 0.3a
AEP 18.7 � 0.4a 19.9 � 0.2a
Methomyl Ñ 19.5 � 0.3a
Permethrin Ñ Ñ
Thiomethoxam Ñ Ñ
Control 15.7 � 0.3b 19.9 � 0.1a

F � 26.40 1.44
df � 3, 2 5, 4
P � 0.0011 0.2565

Means � SEM followed by the same letter(s) are not signiÞcantly
different at P � 0.05. Fishers protected LSD.

Table 5. Effect of selected treatments on mean � SEM ear
weight (grams of husked ears) in sweet corn

Treatment
Year

1997 1998 1999

Colorup 342.5 � 11.8a 298.9 � 18.1ab Ñ
Sonoco RF Ñ 342.9 � 18.6a 420.9 � 12.7a
AEP 315.2 � 8.9a 286.7 � 19.1b Ñ
Methomyl Ñ 269.9 � 10.0bc Ñ
Permethrin Ñ Ñ 327.9 � 10.4b
Thiomethoxam Ñ Ñ 317.5 � 10.4b
Control 164.7 � 8.6b 226.3 � 29.0c 284.4 � 18.1b

F � 106.05 3.90 17.07
df � 3, 2 5, 4 3, 3
P � 0.0001 0.0168 0.0005

Means � SEM followed by the same letter(s) are not signiÞcantly
different at P � 0.05. Fishers protected LSD.

Table 6. Effect of selected treatments on mean � SEM stalk
length (cm) in sweet corn

Treatment
Year

1997 1998

Sunbright 203.1 � 1.5a 219.3 � 2.5a
Sonoco RF Ñ 222.1 � 1.9a
AEP 194.1 � 4.6a 217.9 � 1.0a
Methomyl Ñ 210.4 � 2.4b
Permethrin Ñ Ñ
Thiomethoxam Ñ Ñ
Control 179.3 � 2.7b 210.8 � 2.6b

F � 11.55 5.69
df � 3, 2 5, 4
P � 0.0088 0.0032

Means � SEM followed by the same letter(s) are not signiÞcantly
different at P � 0.05. Fishers protected LSD.
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(1984) reported aluminum foil mulch to be effective
in repelling the potato leafhopper, Empoasca fabae
(Harris), in beans early in the season, but control
diminished as the canopy cover increased. These re-
sults are similar to those reported for aphids (Adlerz
and Everett 1968, Wyman et al. 1979) where reduc-
tions in reßective area of the mulch from increased
canopy growth resulted in decreased insect repel-
lency. In the case of corn stunt, protection from both
leafhoppers andcorn stuntdisease affordedduring the
early growth period, when reßectivity was at a max-
imum(seedling to earlywhorl stage),was sufÞcient to
signiÞcantly reduce disease incidence. Hruska and
Peralta (1997) found corn stunt disease to be most
severe, and tocause thegreatest yield reduction,when
plants were inoculated while still small. In the case of
aphids and whiteßies, reductions in landing rates and
a concomitant reduction in disease transmission, can
be attributed to the reßection of UVwavelengths that
repels incoming individuals (Kring 1972, Coombe
1981). It is not known if a similar mechanism operates
with leafhoppers, but Todd et al. (1990) postulated
that such behavior may occur in D. maidis.
Our results agree with those of Setiawan and Rags-

dale (1987) and Wells et al. (1984) showing that re-
ßectivemulchesweremore effective in reducing leaf-
hoppernumbers thanwere insecticides. In thecurrent
study, permethrin (1999) reducedpopulation levels of
D. maidis immediately after application, but numbers
rebounded after only a few days. None of the insec-
ticides reduced the incidence of corn stunt disease
over the level in the untreated control (Table 1).
SetiawanandRagsdale (1987) reported similar results,
where the reduction in aster yellows incidence in
carrots was signiÞcantly greater in reßective mulch
plots than in plots treated with malathion.
Yields (kg ears per plot) were signiÞcantly (P �

0.05) higher in all three years in sweet corn grown
over reßectivemulches than incorngrownover fallow
soil, eitherwith orwithout insecticides (Table 2). Our
data agreed with those of Hruska and Peralta (1997)
that yield increases were due not to an increase in the
number of ears in the reßectivemulch plots (Table 3),
but to larger ears (Tables 4 and 5). Like Hruska and
Peralta (1997), we did not observe a proliferation of
ears in diseased plants, one of the symptoms of corn
stunt disease. We did, however, note that ears on
infected plants were deformed and often partially
barren. We also found that infected plants were sig-
niÞcantly shorter than healthy plants (Table 6).
The results of this study clearly demonstrated the

effectiveness of reßectivemulch in limiting corn stunt
leafhopper populations and reducing the incidence of
corn stunt disease.While our study was conducted on
fresh sweet corn, corn grown for grain would likely
beneÞt aswell. The reßectivemulch strategy haswide
applicability inconventional farmingaswell asorganic
farming.Theuseof reßectivemulches could reduceor
eliminate the need for insecticide applications and in
turn reduce the number of accidental insecticide poi-
sonings. In areas of Nicaragua where corn stunt dis-
ease is epidemic (Hruska and Peralta 1997) carbofu-

ran, the most commonly used insecticide for
leafhopper control, was shown to be responsible for
nearly 50% of the insecticide poisonings among small
grain farmers (McConnell and Hruska 1993). Similar
problems and the risk of poisoning exists for limited
resource farmers in the United States, many of whom
are poorly equipped to handle the more toxic insec-
ticides. Reßective mulches can be used as an alterna-
tive management strategy in situations where chem-
icals create a hazard to either the grower or Þeld
workers. They also provide a tool for leafhopper and
disease management that can be used by organic
growers. The reßective mulch strategy may work
equally well for producing grain corn, but his appli-
cation requires further research.
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