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Fewer Whiteflies Found on CO2-
enriched Greenhouse Tomatoes with
High C : N Ratios
Kim E. Tripp1, William K. Kroen1, Mary M. Peet1, and
Daniel H. Willits2

North Carolina State University, Raleigh, NC 27695

Abstract. Eight tomato (Lycopersicon esculentum) cultivars were grown for 16 weeks
in greenhouses enriched for an average of 8.1 hours daily to 1000 µl CO 2/liter of air
or in greenhouses maintained at ambient CO2. Carbon dioxide enrichment significantly
decreased the mean number of greenhouse whiteflies [Trialeurodes vaporariorum (West-
ward), Homoptera: Aleyrodidae] as measured by counts from commercial yellow sticky
traps. The number of whiteflies present was negatively correlated with both seasonal
foliar C : N ratio and percent C but positively correlated with percent N in the foliage.
Thus, CO2 enrichment apparently alters plant composition in such a way as to reduce
significantly the population growth of greenhouse whiteflies.

Additional index words. Lycopersicon esculentum, Trialeurodes vaporatiorum, carbon
dioxide, carbon : nitrogen ratio
Table 1. Seasonal mean foliar %C, %N, C : N ratio, for eight cultivars of tomato grown for 16 weeks
at 350 or 1000 µ1 CO 2/liter, and mean number of whiteflies per plot for plant age weeks 19-23.
Carbon dioxide enrichment of greenhouse
crops increases carbohydrate concentrations
in foliage and can also result in increased
C : N ratios due to reduced N concentrations
(Madsen, 1968; Yelle et al., 1989). These
changes in foliar composition may affect in-
sect populations on leaves of plants grown
at elevated CO2 concentration. Decreased
growth rates and increased mortality (Akey
and Kimball, 1989; Fajer et al., 1989) as
well as increased feeding (Johnson and Lin-
coln, 1990; Lincoln et al., 1986; Osbrink et
al., 1987) have been found in insects feeding
on leaves of plants grown at elevated CO2

concentration. A preliminary study in 1988
showed fewer greenhouse whiteflies in a
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greenhouse tomato crop grown at 1000 µl
C O2/liter air. Increased carbohydrate con-
centration in the foliage may have led to re-
duced whitefly populations. Therefore, further
counts of whitefly populations from enriched
and nonenriched greenhouses were con-
ducted in Spring 1989 and whitefly counts
correlated with foliar percent C (%C), per-
cent N (%N), and C : N ratios.

Eight cultivars of greenhouse tomato were
seeded and grown to transplant size in a
992
glasshouse in Raleigh, N.C., using standard
water and fertilization practices. Seven-week-
old seedlings were transplanted into 18.9-
liter black polyethylene grow bags (Hydro-
Gardens, Colorado Springs, Colo.) filled with
soilless medium. Six plants of each cultivar
were transplanted to each of four small,
polyethylene-covered greenhouses in Ra-
leigh. Two houses were enriched to 1000 µl
CO2/liter, and two houses remained at am-
bient CO2 concentration (≈350 µl·liter -1).
Average hours of CO2 enrichment were 8.1
per day. The plants were grown for 16 weeks.

Using drip irrigation, a modified Hoag-
land’s nutrient solution was injected three
times daily for a total of 1.5 liters, but water-
ing was adjusted to crop evapotranspiration.
Foliage was sampled for C and N in plants
10, 11, 13, 14, 15, 17, 19, 21, and 23 weeks
old. Total C and N concentrations were de-
termined by Perkin-Elmer CHN analyzer. A
seasonal mean %N, %C, and C : N ratio
was determined for each CO2 × cultivar
treatment.

One yellow 22 × 28 cm commercial sticky
trap was hung in the upper canopy region of
each of the eight plots per house. Fresh traps
were hung at 18 weeks, then removed for
counting and replaced at 21 weeks. At 23
weeks (termination of the entire study), all
remaining traps were removed and insects
counted from a 25-cm2 area, randomly cho-
sen from the lower half of each trap. This
resulted in 32 whitefly counts per CO2 treat-
ment (2 count dates × 1 count per trap ×
1 trap per plot × 8 plots per greenhouse ×
1079
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Brief Extensions of Curing and
Presprouting Increased Plant
Production from Bedded Sweetpotato
Melvin R. Hall1

Department of Horticulture, University of Georgia Coastal Plain
Experiment Station, Tifton, GA 31793
Additional index words Ipomoea batatas, emergence, sprouts, plant harvests

Abstract. ‘Georgia Jet’ and ‘Jewel’ sweetpotato (Ipomoea batatas L.) roots were cured
(32 ±C lC, 85% ± 5% relative humidity (RH)] for 7 days immediately after harvest
and then subjected to 0, 4, 8, or 12 additional days of curing before storage (16 ± lC,
85% ± 5% RI-I). Roots were presprouted (32 ± lC, 85% ± 5% RH) for 0, 4, 8, or
12 days before bedding. Plant emergence of ‘Georgia Jet’ was accelerated with increas-
ing duration of curing, but emergence of both cultivars was accelerated with increasing
duration of short-interval presprouting. With increasing duration of extended curing,
there was a nonlinear increase in the number of early and total ‘Georgia Jet’ plants.
However, with increasing duration of presprouting, there was a linear increase in the
number of early and total plants of both cultivars. Average weights of early and total
‘Jewel’ plants were higher than those of ‘Georgia Jet’ plants. Treatments did not in-
fluence deterioration of bedded roots or the number of sprouts remaining on roots of
a cultivar after 9 weeks of plant harvest. However, ‘Jewel’ roots retained more sprouts
than ‘Georgia Jet’ roots, possibly indicating greater capacity for continued production
of plants from ‘Jewel’ than ‘Georgia Jet’ if additional plant harvests were conducted.

Sweetpotato roots should be cured [32 ±
lC, 85% ± 5% relative humidity (RH)] for
≈ 1 week following harvest to promote heal-
ing of wounds; then roots should be stored

(16 ± lC, 75% to 80% RH) to maintain
quality (Steinbauer and Kushman, 1971).
Transplants are produced from roots taken
from storage and placed in propagating beds.
Presprouting for 3 weeks (32 ± lC, 85%
± 5% RH) before bedding has been a stan-
dard method of increasing plant production
for >30 years (Deonier and Kushman, 1960),
but rising energy costs have made this prac-
tice expensive. Cultivars vary in plant pro-
duction potential (Cordner et al., 1966) and
in their response to cultural practices in-
tended to improve plant production (Michael
and Smith, 1952).

Propagation of transplants from bedded
roots is a major expense in the commercial
production of sweetpotatoes in the United
States, and practices that reduce the time in-
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terval from bedding until plant harvest or
increase the total number of transplants can
reduce this cost. Short-duration presprouting
for 9 or 10 days increased the number of
early and total plants produced and reduced
the time intervals from bedding until emer-
gence, emergence until first harvest, and from
bedding until first harvest (Hall, 1987, 1990).

In storage facilities that lack refrigeration,
early harvested roots may be subjected to
temperatures well above 16C for several
weeks, and these higher temperatures may
prolong the exposure of these roots to curing
conditions. However, storing roots under such
conditions is not recommended because of
excess sprouting, shrinkage, and shortened
storage life (Steinbauer and Kushman, 1971).

Deonier and Kushman (1960) reported in-
creased plant production from ‘Porto Rico’
roots cured for an average of 18 days rather
than for ≈7 days. However, in their study,
curing was not as effective as similar dura-
tions of presprouting for increasing plant
production. The controlled application of heat
to extend curing for enhanced plant produc-
tion from bedded roots has not been adapted
as a commercial practice. The objective of
this study was to determine if brief exten-
sions of the prestorage curing period, either
with or without brief presprouting immedi-
ately before bedding, would influence plant
production from roots of two sweetpotato
cultivars.

All combinations of four durations of ex-
tended curing and four durations of pre-
2 greenhouses per CO2 treatment). Analysis
of variance was performed to determine if
whitefly counts differed. Correlation analy-
sis was performed on the CO2 treatment ×
cultivar means between whitefly counts and
the average seasonal %C, %N, and C : N
ratios. Whitefly management procedures were
identical for all houses and consisted of one
initial application of Methonyl 90 SP at rec-
ommended rates at 14 weeks, with no further
treatment.

Whitefly counts decreased significantly
with CO2 enrichment (Table 1) but were not
consistently affected by cultivar. These re-
sults differ from those of Butler et al. (1986),
who found no difference in sweetpotato whi-
tefly populations on cotton grown at elevated
and ambient CO2, concentrations. However,
these authors grew the plants in open-topped
chambers, and elevated CO2 concentrations
were only in the range of 355 to 776 µ1 CO 2/
liter with considerable variation. The data
presented here indicate that tomato plants
grown at elevated CO2 may not support as
high a population of whiteflies as those grown
at ambient CO2. Mean whitefly counts were
significantly negatively correlated with both
seasonal C : N ratio (r = - 0.72, P = 0.001)
and %C (r = -0.60, P = 0.01). Mean
whitefly count was positively correlated with
%N (r = 0.67, P = 0.004). Reduced foliar
N has been shown to limit development of
many insects (Mattson, 1980; Minkenberg
and Ottenheim, 1990). Since plants grown
at elevated CO, concentrations have reduced
foliar N, whiteflies feeding on these crops
may suffer N deficiency resulting in reduced
populations.
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