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Squash vein yellowing virus (SqQVYV), a recently described Ipomovi-
rus sp. in the family Potyviridae, is the cause of viral watermelon vine
decline, a devastating disease in Florida. SqVYV is known to be trans-
mitted by the whitefly, Bemisia tabaci (Gennadius) B strain, but details
of the transmission process have not previously been investigated. We
completed a series of experiments to determine efficiency of transmis-
sion, effects of different acquisition and inoculation access periods, the
length of time that whiteflies retained transmissible virus, and the
minimum time needed to complete a cycle of acquisition and inocula-

tion. Efficiency was low, with at least 30 whiteflies per plant needed
for consistent transmission. Acquisition leading to later transmission
peaked at 4 h, and inoculation access periods longer than 4 to 8 h led to
no increase in infection rates. Whiteflies retained virus only a short
time, with no transmission by 24 h after removal from infected plants.
A minimum of 3 h was needed to complete a cycle of transmission
under laboratory conditions. These results demonstrate semipersistent
transmission of SqVYV and will help refine models of the epidemiol-
ogy of this virus and the disease it causes.

Bemisia tabaci (Gennadius), biotype B, has caused problems for
vegetable growers in Florida since at least 1987 (26,30), first, be-
cause the feeding of nymphs induces various physiological disor-
ders such as squash silverleaf (30) and tomato irregular ripening
(26) and, second, because of the ability of adults to vector plant
viruses (7). Since the introduction of the B biotype, several white-
fly-transmitted viruses have been found in Florida vegetables, in-
cluding Tomato yellow leaf curl virus (23) and Bean golden mosaic
virus (5), both in the family Geminiviridae. The Crinivirus sp.
Tomato chlorosis virus has also been reported (29). However, until
2003, no whitefly-transmitted viruses had been found in cucurbit
vegetables in Florida. Now, growers face the challenge of manag-
ing three such viruses, which have appeared in rapid succession:
Squash vein yellowing virus (SqQVYV) (1), Cucurbit leaf crumple
virus (4), and Cucurbit yellow stunting disorder virus (22). Of
these, SqVYV appears to be the most economically damaging
(1,11).

SqVYV is a whitefly-transmitted virus in the family Potyviridae,
genus Ipomovirus. It is mechanically transmissible and was first
isolated from yellow summer squash (Cucurbita pepo L.) collected
in west-central Florida in 2003 (1). It was subsequently demon-
strated to be the causal agent of watermelon vine decline, a devas-
tating disease of watermelon (Citrullus lanatus (Thunb.) Matsum.
& Nakai) responsible for major losses since early 2003 (1,11,25).
Infected watermelon plants, often close to harvest, collapse as
leaves and stems develop necrotic areas that spread, leading to
death of the plant. An interior rind necrosis and an off-flavor often
make the fruit unmarketable. SQVYV is most closely related to
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Cucumber vein yellowing virus (CVYV) (1,17). Both CVYV and
another closely related Ipomovirus sp., Cassava brown streak virus
(CBSV), appear to be transmitted in a semipersistent manner
(10,18,19).

Semipersistent transmission is a form of noncirculative transmis-
sion (9). It differs from nonpersistent transmission in the length of
time an insect vector takes to acquire and transmit virus, and in the
length of time the vector retains the virus. Although nonpersis-
tently transmitted viruses can be rapidly acquired from epidermal
and mesophyll cells during short test probes that a vector may use
to determine host suitability, semipersistently transmitted viruses
are generally acquired from and transmitted to phloem cells
(20,21). Feeding in the phloem takes place after an insect accepts
the plant as a suitable host; reaching the phloem takes much longer
(15 to 30 min) than probing the epidermis (9). Unlike in circulative
transmission, where there is a latent period after acquisition, there
is none in semipersistent transmission. This suggests that virus
particles are bound to the stylets (28) or areas of the foregut (e.g.,
antecibarium and postcibarium; (8) rather than passing through the
gut and entering salivary glands as in circulative transmission.
Further, in circulative transmission, insects remain viruliferous for
days, weeks, or even months (in the case of viruses that multiply in
their vector) whereas, in semipersistent transmission, insects retain
virus for hours to days (20). Semipersistent transmission has been
demonstrated in a number of virus genera and insect vector fami-
lies. For example, whitefly-vectored viruses in the genera
Crinivirus and Ipomovirus have been shown to be transmitted in a
semipersistent manner (10,21).

Our preliminary experiments showed that B. tabaci could act as
a vector of SQVYV (1), moving the virus from infected squash to
squash and watermelon and from an infected cucurbitaceous weed,
Momordica charantia L., to watermelon and squash (2). These
earlier experiments involved mass exposure of infected source
plants to whiteflies, with subsequent replacement of the source
plants with noninfected target plants. In this study, we charac-
terize basic parameters of transmission of SqQVYV by B. tabaci
under more controlled conditions to demonstrate its semi-
persistent mode of transmission. Characterizing the specific para-
meters of transmission of SqQVYV is also a critical step in the
process of developing a systems approach to managing water-
melon vine decline (27).
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Materials and Methods

Whitefly colony. The B. tabaci colony used in this study was
maintained on cotton (Gossypium hirsutum L.) and collard (Bras-
sica oleracea L. var. acephala DC) (6), neither of which is
susceptible to SqVYV (1; S. E. Webb, unpublished data). For all
experiments, a cohort of insects developing from oviposition over a
24-h period was used to reduce potential variation in transmission
due to whitefly age. Adult whiteflies were 4 to 7 days old at the
time of the experiments. No attempt was made to balance the sex
ratio of insects used in experiments.

Plants. ‘Sunray’ squash, a yellow straightneck summer squash
(Cucurbita pepo L.; Seminis, St. Louis), was used in all experi-
ments. Plants were grown in 15.2-cm plastic azalea pots using
Metro-Mix Ag Lite Mix (Sun Gro Horticulture, Belleview, WA)
and pasteurized sand (Quikrete, Atlanta), 3:1, vol/vol, or Metromix
200 without added sand. Plants serving as target plants were used
when they had at least one but not more than three expanded true
leaves. Noninfected squash plants were grown as negative controls
or sentinel plants in the same greenhouse as the exposed target
plants and were also placed among the target plants during inocula-
tion access. None of these plants developed symptoms in any of the
experiments reported here. All plants were numbered at seeding,
and the numbers were used to randomly assign plants (including
those used as sentinels) to treatments using Proc Plan (SAS, ver-
sion 9.2; SAS Institute, Cary, NC).

Virus source. SqVYV (derived from the originally collected
isolate) was maintained in Sunray squash by mechanical inocula-
tion and whitefly transmission. Mechanical inoculation was on a
weekly basis, using 0.02 M potassium phosphate buffer, pH 7.4,
with the addition of corundum as an abrasive (100 mg/ml). Every 4
to 6 weeks, whiteflies were used to transfer the virus. The inocu-
lum source for experiments came from plants that had been
mechanically inoculated 10 to 14 days earlier from a source that
had been transmitted by whiteflies within the previous 4 to 6
weeks. Unlike the aphid-transmitted Potyvirus spp., transmissibil-
ity of SqQVYV by whiteflies appears to be unaffected by multiple
passages via mechanical inoculation (S. E. Webb, unpublished
data).

Virus acquisition. Whiteflies were exposed to infected plants
for virus acquisition within a large cage (91.4 by 71.1 by 61 cm)
consisting of a wooden frame screened with cotton organdy (Silk
Road Textile Merchants, Austin, TX). The Plexiglas top of the cage
was 61 cm high at the rear of the cage and 45.7 cm in front to
make it easier to see plants and whiteflies. Adults were collected
with a gentle vacuum, using a Gast vacuum pump (model DOA-
P704-AA; Fisher Scientific, Pittsburgh), at the lowest possible
setting. A 1.0-by-0.5-mm hole was cut near the end of a 170-cm
length of plastic tubing (Tygon; Fisher Scientific) leading from the
vacuum port to the glass collecting tube to reduce pressure to a
level where it was just possible to collect whiteflies. If whiteflies
could not be easily dislodged, it was assumed that they were ac-
tively feeding and they were left alone to avoid injuring them. Af-
ter collection, whiteflies were chilled for 2 min at 3 to 5°C and
then tapped into clip cages for inoculation access.

Whole-plant cages versus clip cages. We compared whole-
plant cages and clip cages to determine whether confining white-
flies to clip cages, where they would have to feed through mesh,
for inoculation would interfere with transmission. The clip cages
used in our experiments were screened on both top and bottom to
prevent escape of whiteflies, with a mesh size that allowed white-
flies to feed and oviposit on the leaf through the mesh (Fig. 1A).
The whole-plant cages were made of lightweight floating row
cover (Gardens Alive, Lawrenceburg, IN) folded into a rectangle
and the edges taped with 19-mm-wide strapping tape (3M, St.
Paul, MN), except for the lower edge, which fit over the pot hold-
ing the plant. The heavy tape provided support for the fabric, so
that the cage did not rest on the plant. A rubber band was used to
secure it (Fig. 1B). Source plants were 18 days post inoculation
(dpi) and target plants had one to two true leaves. Whiteflies were
given a 24-h acquisition access period (AAP) in the large cage
described above. Whiteflies were then aspirated, also as described
above, into glass tubes, chilled for 2 min, and added (30 per cage)
to either a whole-plant cage or a clip cage. Each cage type was
replicated 25 times. Additional plants were used as negative con-
trols in the greenhouse, and other plants were exposed to the large
number of remaining whiteflies in the acquisition cage as positive
controls. After a 24-h inoculation access period (IAP), cages were

Fig. 1. Two cage types were tested for virus acquisition. A, First was a clip cage screened on both top and bottom with a mesh size that allowed whiteflies to feed and oviposit but
not escape. Whiteflies were introduced through a hole in the side of the cage. It was compared with B, a whole-plant cage for effects on transmission and ease of use.
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removed, and plants were treated with insecticide after returning
them to the greenhouse for symptom development. Plants were
evaluated by visual inspection of symptoms beginning at 5 days
after treatment and ending at 10 days. An arbitrarily selected sam-
ple of symptomatic and nonsymptomatic plants was tested by re-
verse-transcription polymerase chain reaction (RT-PCR) to confirm
infection status with SQVYV (2). Because all symptomatic plants
tested positive for SqVY'V infection and all nonsymptomatic plants
tested negative for SQVY'V, we did not test plants from every repli-
cate of every subsequent experiment but relied mainly on the dis-
tinctive symptoms of infection for evaluation.

Efficiency of transmission. To determine how efficiently the vi-
rus was transmitted, whiteflies were first given a 24-h AAP on
infected squash plants (15 dpi). Then, approximately 30, 15, or 8
whiteflies were collected and placed in clip cages as described
above. Whiteflies were assigned to treatments in such a way that
all treatments had a similar range of AAPs (24 to 26 h). Thirty
plants were used for each whitefly density treatment. After a 24-h
IAP, clip cages were removed. Plants were then returned to the
greenhouse and treated with insecticide to kill any nymphs hatch-
ing from eggs deposited through the screening. Plants were evalu-
ated 7 to 10 days later as described above. The experiment was
replicated three times.

AAP. Infected squash plants were added to the rearing cage con-
taining cotton plants from which adult whiteflies had begun emerg-
ing 6 to 7 days earlier. The cotton plants were cut off at the soil
line and gently tapped and shaken to dislodge whiteflies, then re-
moved from the cage so that whiteflies would settle on squash
plants for acquisition. Whiteflies (30 per plant) were then collected
at intervals following introduction of infected squash plants: 0.5
(minimum time required to collect 30 whiteflies), 1, 2, 4, 8, and 24
h. Whiteflies were given a 24-h IAP in clip cages on noninfected
plants. Over the three experiments, source plants ranged from 11 to
15 dpi and target plants ranged from 11 to 17 days old, with one to
three true leaves, with the longer times in the winter when green-
houses were cooler. In the first replicate, 15 plants were used for
each AAP, and the 0.5-h AAP was not tested. For the second and
third replications of the experiment, 25 plants were used for each
AAP. As before, plants were returned to the greenhouse for symp-
tom development after removing clip cages and treatment with
insecticide.

IAP. Whiteflies were given a 24-h AAP on infected squash and
collected, as described above. Thirty whiteflies were placed in a
clip cage on each of 25 plants tested per time period. Clip cages
were removed from target plants at intervals ranging from 30 min
to 4 h in the first replicate, from 30 min to 8 h in the second, and
from 30 min to 24 h in the third. The virus source plants for all
replications of the experiment were 14 dpi and the target plants
were 14 days old, with two true leaves. After the IAP, clip cages
were removed and plants treated with insecticide after returning
them to the greenhouse for symptom development. Plants were
visually evaluated for symptoms 10 days later, as described above.

Retention time. Whiteflies were given a 4- or 24-h AAP on in-
fected squash that had been mechanically inoculated 12 days ear-
lier. We replaced the infected plants with noninfected plants after
whiteflies for the O0-h treatment had been collected and placed in
clip cages (30 whiteflies per plant, 25 plants per treatment). The
remaining whiteflies were then allowed to feed on the noninfected
plants for 1, 2, 4, 8, or 24 h before collecting them to put into clip
cages to place on the 2-week-old target plants for a 24-h IAP. After
clip cages were removed, plants were returned to the greenhouse
and treated with insecticide as described above. As before, plants
were visually evaluated for symptom development 10 days later.

Minimum time to complete a cycle of transmission (AAP
plus IAP). Using the results from earlier experiments, we tested all
possible combinations of 1, 2, and 4 h for both AAP and IAP. Al-
though we determined that whiteflies could acquire virus within 30
min, the time involved in collecting whiteflies for each AAP pre-
cluded the use of this short acquisition time. At each AAP, 30
whiteflies were placed in each of 30 clip cages and assigned to

plants by IAP, with 10 plants for each of the three IAP times.
AAPs, as in most of our experiments, were actually plus or minus
15 min (a total of 30 min to collect enough whiteflies for 30 clip
cages). The virus source plants for both replicates were 17 dpi. The
target plants had one to three true leaves. Positive controls were
given a 4-h AAP and a 24-h IAP. At the end of the respective IAP,
clip cages were removed, and plants were returned to the green-
house and treated with insecticide as described above. Plants were
visually evaluated for symptom development 10 days later.

Data analyses. In all experiments, plants were coded in a binary
manner for virus transmission (i.e., each plant was scored as either
positive or negative for virus infection). Because the dependent
variable was a binary response and the independent variables of
interest were quantitative (i.e., whitefly density or time interval),
logistic models were fitted to determine how the frequency of virus
transmission was related to the independent variables.

Sets of orthogonal contrasts were constructed to determine the
form of relationships between transmission and the different levels
of each independent variable. Analyses were conducted either with
PROC GLIMMIX (efficiency of transmission, AAP, and IAP) or
PROC LOGISTIC (retention time and minimum time for complete
cycle of transmission) in SAS (version 9.2; SAS Institute). Pair-
wise comparisons of means among different levels of the quantita-
tive independent variables for each experiment were made with the
LSMEANS option.

Results

Whole-plant cages versus clip cages. When we compared the
use of whole-plant cages with clip cages for inoculation, we found
no differences in transmission. In all, 13 of 25 plants from the
whole-plant cage treatment and 14 of 25 plants from the clip cage
treatment developed symptoms of SqQVYV infection. Whole-plant
cages were harder to use because of the difficulty of removing
them without allowing whiteflies to escape into the greenhouse.
Confining them inside another larger cage (10) was not practical
because of space constraints. Thus, clip cages were used for in-
oculation access in all subsequent experiments.

Efficiency of transmission. SqVYV was not very efficiently
transmitted in this experiment. At least 30 whiteflies per cage were
required before transmission rates reached a high of 57% with a
24-h AAP and a 24-h IAP. The mean transmission for the three
replicates of the experiment was 42 + 6%. With 15 whiteflies per
cage, a mean of 22 + 5% of plants became infected. In the initial
replicate of the experiment, there was no transmission when eight
whiteflies per plant were used but, in the final two replicates, there
was a mean of 15% transmission at this level (overall mean of 10 +
3%). Although whiteflies did not transmit SqQVYV very efficiently,
the frequency of infected plants was significantly different among
the three whitefly densities (F = 11.0, df = 1,265, P < 0.0001).
There was a significant positive linear trend in the relationship
between whitefly density and proportion of virus infected plants
(linear contrast: F =22.0, df = 1,265, P < 0.0001; Fig. 2).

Acquisition access. The length of the AAP significantly affected
the frequency of SqVYV infections of target squash plants (F =
14.62, df = 5, 367, P < 0.0001). The incidence of infection was
extremely low when whiteflies received only a 30-min AAP; how-
ever, the frequency of infection increased substantially when the
AAP was increased to 1 to 2 h in duration. The frequency of infec-
tion again increased significantly when the AAP was increased to 4
to 8 h. However, infection rates did not show a continuing increase
with an AAP of 24 h. In fact, the infection rate for that AAP de-
clined from the observed rates at 4- and 8-h AAPs (Fig. 3). There
was a significant linear increase in infection frequency over time
(contrast: F = 12.30, df = 1,367, P < 0.0001) but the linear increase
was not consistent, as indicated by the significant quadratic (F =
59.0, df = 1,367, P < 0.0001) and cubic contrasts (F = 10.0, df =
1,367, P = 0.0012).

Inoculation access. The length of the IAP significantly affected
the frequency of SqQVYV infections of target squash plants (F =
6.77, df = 5, 367, P < 0.0001). Infection rates tended to increase
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with increasing IAP (linear contrast: F' = 19.2, df = 1,367, P <
0.0001) but began to plateau at the longest IAP times (quadratic
contrast: F = 20.0, df = 1,367, P < 0.0001). When whiteflies
experienced a short IAP (0.5 to 1 h), SqVYV infection rates were
very low (<6.5 %). Infection frequencies did increase significantly
up to an IAP of 8 h, with the greatest rate of change occurring from
a 1- to 2-h IAP. However, the frequency of infection did not con-
tinue to increase with a 24-h IAP, suggesting that the virus was not
retained over longer time periods by whiteflies (Fig. 4). The level
of variation between the experiments suggests differences in the
availability of virus in the source plants.

Retention. In this experiment, plants exposed to whiteflies that
experienced a 4-h AAP were infected at significantly higher rates
than were plants exposed to whiteflies that had a 24-h AAP (x° =
5.36, df = 1, P = 0.02). Regardless of the AAP duration, infection
rates declined significantly with the length of time that whiteflies
had been removed from infected source plants ()(2 =49.7,df =5, P
< 0.0001). There were significant linear (contrast: %> = 5.74, df =
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Fig. 2. Frequency of Squash vein yellowing virus (SqVYV) infection of ‘Sunray’
squash when exposed to different densities of Bemisia tabaci adults for 24 h. B.
tabaci adults had been given a 24-h acquisition access period to SqVYV-infected
squash plants before exposure of target plants. Data are the mean proportion (=
standard error of the mean [SEM]) of target plants infected with SqVYV. Means with
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Fig. 3. Frequency of Squash vein yellowing virus (SqVYV) infection of ‘Sunray’
squash when exposed to cohorts of 30 Bemisia tabaci adults that had been given
acquisition access periods (AAPs) of 0.5 to 24 h. Target plants were exposed to B.
tabaci adults for a 24-h inoculation access period. Data are the mean proportions
(£ standard error of the mean [SEM]) of target plants infected with SqVYV. Means
with different letters are significantly different (P < 0.05).
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1, P = 0.016) and quadratic ()(2 =451, df =1, P = 0.033)
components in this trend, indicating that virus retention declined
rapidly, especially in the first hour after removal from source
plants, and that whiteflies completely shed the virus within 8 to 24
h after removal from source plants (Fig. 5).

Minimum time to complete a cycle of transmission (AAP
plus IAP). In this experiment, increasing the duration of the AAP
and IAP for whiteflies led to greater infection rates of squash
plants with SqQVYV. There was no significant interaction between
AAP and IAP (3> = 0.58, df = 4, P = 0.97) but each of these main
effects had a significant effect on infection rates (main effect for
AAP: xz =12.7,df =2, P =0.0017; main effect for IAP: x2 =891,
df = 2, P = 0.012). The length of the AAP appeared to have a
greater influence on infection occurring, because infection was
detected for all levels of IAP with an AAP of 4 h. However, if the
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Fig. 4. Frequency of Squash vein yellowing virus (SqVYV) infection of ‘Sunray’
squash when exposed to cohorts of 30 Bemisia tabaci adults for inoculation access
periods (IAPs) of 0.5 to 24 h. B. tabaci adults had been given an acquisition access
period of 24 h. Data are the mean proportion (+ standard error of the mean [SEM])
of target plants infected with SqVYV. Means with different letters are significantly
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plants on Squash vein yellowing virus (SqVYV) infection of ‘Sunray’ squash. B.
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noninfected plants. After this time period, B. tabaci were transferred to new
noninfected Sunray squash for a 24-h inoculation access period. Data are mean
proportions (+ standard error of the mean [SEM]) of infected plants.



AAP was limited to 1 to 2 h, transmission was only likely to occur
with the longer IAP durations (Fig. 6).

Discussion

Our results demonstrate that Bemisia tabaci transmits SQVYV in
a semipersistent manner. By 24 h after acquisition, whiteflies no
longer transmitted virus to target plants. However, acquisition and
inoculation periods were considerably longer than the short AAPs
and IAPs characteristic of transmission of the nonpersistently
transmitted viruses. The AAPs and IAPs likely represent the time it
takes for the whitefly to reach the phloem plus the time needed to
acquire or to release enough virus particles to cause infection. Effi-
ciency of transmission increased with AAPs up to 4 h but often
declined when the AAP was increased to 24 h. Finally, in transmis-
sion of SqQVYYV, there does not appear to be a true latent period
(i.e., a complete cycle of transmission occurs too quickly for a
circulative mode of transmission to be operating).

In general, the characteristics of transmission of SqVYV by B.
tabaci were similar to those reported for CVYV with the same
vector (10,18). We found a mean of 22% transmission when 15
whiteflies per plant were used and a maximum of 57% when 30
whiteflies per plant were used with a 24-h AAP and a 24-h IAP. In
one of the experiments to evaluate different AAPs, a high of 88%
transmission was obtained with 30 whiteflies per plant and an 8-h
AAP. Efficiency of transmission when 24-h AAPs and IAPs were
used, however, was lower than that reported by Harpaz and Cohen
(10) and Mansour and Al-Musa (18) for CVYV. For example,
CVYV was transmitted to 42% of plants with 20 whiteflies per
plant (10) and 55% of plants when 15 to 20 whiteflies per plant
were used (18). Further testing is needed to determine whether
single whiteflies can transmit SqQVYV and if there is a difference
between males and females.

An AAP of 20 to 30 min with an IAP of 24 h was sufficient for
transmission of CVY'V, with a peak at 4 h (10,18). Similarly, in our
experiments, whiteflies could acquire virus in as little as 30 min,
with a peak of transmission at 4 h. In both our experiments and in
those of Mansour and Al-Musa (18), transmission declined when
the AAP was 24 h long. We can only speculate that continued feed-
ing somehow interferes with attachment of virus particles or shifts
the balance from attachment to release.

In contrast to results reported for CVYV, we found very low
transmission with a 30-min IAP (1 infected plant of a total of 75
plants in three replicates) and a 24-h AAP. Harpaz and Cohen (10)
found transmission after 10 min and Mansour and Al-Musa (18)
found transmission after 15 min. The longer minimum time for
inoculation for SqQVYV may be the result of differences in the
population of whiteflies used, the host plant, the virus, the condi-
tions of the experiments (e.g., temperature), or some combination
of these factors. With SqVYV, maximum transmission occurred
with an IAP of 4 h in one replicate that included time points up to
24 h. This is similar to what was found for CVYV; that is, maxi-
mum transmission occurred with either a 1-h IAP (10) or a 4-h IAP
(18). In the second replicate of our experiment, however, transmis-
sion continued to increase between 4 and 8 h. This suggests that
few new infections would occur after this time, with virtually all
virus being released after 8 h.

Consistent with the results above, whiteflies did not retain the
ability to transmit virus for very long (4 h in one replicate of the
experiment and 8 h in a second), with no transmission by 24 h after
removal from infected plants. Harpaz and Cohen (10) reported
retention times between 4 and 6 h, and Mansour and Al Musa (18)
found that whiteflies transmitted virus up to 5 h after feeding on an
infected source plant. In contrast, Zouba et al. (31) found a reten-
tion time of up to 5 days for Squash yellow leaf curl virus, a white-
fly-transmitted poty-like virus that has not been fully character-
ized.

The minimum time to complete a cycle of transmission was
short: a 1-h AAP and a 2-h IAP resulted in transmission of SqVYV
to 1 in 20 plants, although consistent transmission required a 4-h
AAP and IAP. Times reported for a complete cycle of transmission

of CVYYV are even shorter. Harpaz and Cohen (10) reported infec-
tion after a 30-min AAP and a 30-min IAP, and Mansour and Al-
Musa (18) reported transmission after a 1-h AAP and a 15-min
IAP. Again, it is difficult to know if differences in transmission of
SqVYV and CVYV are related to differences in the viruses, white-
flies, host plants, experimental conditions such as temperature, or
some combination of these factors. In earlier experiments, in which
target plants were placed in large cages with hundreds of whiteflies
that had been given a 24-h AAP on SqVY V-infected plants, a 2-h
IAP was enough to result in high levels of transmission (1). Under
field conditions, with high populations of whiteflies, a complete
cycle of transmission may well be shorter than what we have found
to date in our laboratory and greenhouse experiments.

It is difficult to compare transmission of SqVYV with closely re-
lated CBSYV, because studies of CBSV transmission are limited.
Although high rates of spread of CBSV under field conditions
appear to be related to high populations of whiteflies (B. tabaci), it
has been difficult to demonstrate transmission under controlled
conditions (19), with only low rates (20 to 22%) found when 48-h
AAPs and IAPs were used. Maruthi et al. (19) suggested that low
virus titer in the source plants and a difference within plants in the
distribution of the virus versus the distribution of feeding white-
flies could limit virus acquisition by whiteflies and result in low
rates of transmission. The acquisition phase also seems to be a
limiting factor for SQVYV transmission, as seen in the results of
our minimum cycle time experiment (i.e., inoculation occurs more
rapidly than acquisition). In addition, we found that a 24-h AAP
resulted in lower transmission than a 4- to 8-h AAP. It is possible
that CBSV would be more efficiently transmitted with a shorter
AAP.

In conclusion, we have shown that the parameters of transmis-
sion of SQVY'V are consistent with a semipersistent type of trans-
mission. Further work to determine the site of virus attachment is
needed, as is proof that SQVYV does not cross gut membranes, a
characteristic of circulative transmission (20). Studies are being
planned to elucidate the feeding behavior that results in acquisition
and inoculation, using the electrical penetration graph (EPG) tech-
nique (8,12,14). Another characteristic of semipersistently trans-
mitted viruses, restriction to the phloem (20), apparently does not
hold true for CVYV (16), the closest known relative of SqQVYV.
Inclusions have been identified in the phloem cells of SqVYV-
infected cucurbits (1) although they may not be restricted to these
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Fig. 6. Joint effects of acquisition access periods (AAPs) and inoculation access
periods (IAPs) for cohorts of Bemisia tabaci adults on rates of infection of ‘Sunray’
squash with Squash vein yellowing virus (SqVYV). Adults of B. tabaci were first
given AAPs of 1, 2, or 4 h on infected squash and then transferred in cohorts of 30
to noninfected squash plants for IAPs of 1, 2, or 4 h. Data are the mean proportions
(£ standard error of the mean [SEM]) of infected plants for each AAP and IAP
combination. Transmission was significantly higher with a 4-h AAP than for the 1- or
2-h AAP, which were not significantly different (P > 0.05). For the IAP treatments,
transmission was significantly different only between the 1- and 4-h I1AP (P < 0.05).
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tissues. However, the feeding behavior of whiteflies, according to
EPG studies (13), suggests that whiteflies rarely puncture cells
until they reach the phloem sieve elements. Thus, whiteflies may
only acquire SqQVYV (and likely CVYV) from phloem cells re-
gardless of virus distribution in plants. This is in contrast to aphids,
which puncture epidermal cells during brief probes, leading to
nonpersistent transmission of Potyvirus spp. (24).

Because of the relatively low efficiency of transmission and
short retention time of SqVYV coupled with the requirement for
several hours of both acquisition and inoculation, it is likely that
whitefly populations must be fairly high before epidemics occur in
the field. Watermelon vine decline often seems to become wide-
spread just before harvest, perhaps because whitefly populations or
inoculum sources have had time to increase during the growing
season. Cultural practices such as harvesting that disturb feeding
whiteflies may promote virus spread. Watermelon is probably par-
ticularly vulnerable because of the large size and low density of
plants within the field.

Managing whiteflies has had an impact on the incidence of dis-
ease in watermelons in Florida (3). The combination of reflective
mulch and insecticides (imidacloprid, applied to the soil at plant-
ing, and spiromesifen, applied to foliage) reduced the percentage
of watermelon fruit with symptoms of SqQVYV by almost half and
significantly reduced the season-long area under the disease pro-
gress curve (15). Ultimately, interference with transmission, either
biochemically or through host plant resistance to the virus or the
whitefly, will be needed to effectively control the disease under all
conditions. In the meantime, quantifying parameters of transmis-
sion will contribute to the development of a decision support sys-
tem to manage SqQVYV.
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