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weeks post inoculation, symptom expression was so ob-
vious that some severely infected plants began to die.
Thus, scoring of plant infection was easily done through
symptom observation. Data sets on the efficacy tests of
16 disinfectants against ToMV were consistent among
three experiments (Table 1). The most effective disinfec-
tants against ToMV were 10% Clorox regular bleach, 2%
Virkon S, and 50% Lysol all-purpose cleaner (Table 1).
Only a small proportion (<10%) of plants in treatments
with 20% nonfat dry milk or 1% Virkon S resulted in
infection (Table 1). Three other chemicals (3% Menno-
Florades, 1% Menno-Ter Forte, and 10% Trisodium
phosphate) prevented 30% plants from infection. The
Bayesian statistical analysis supported above conclusions
(Figure 1C).

Efficacy of disinfectants against TMV
TMV infection on the tomato ‘VTV’ plants was also
very severe without treatment, similar to those by
ToMV, which resulted in plant death. The treatment ef-
fects were consistent in all 3 experiments (Table 1).
Three disinfectants with full effects against TMV infec-
tion were 10% Clorox regular bleach, 2% Virkon S, and
20% nonfat dry milk. The 50% Lysol all-purpose cleaner
was also effective in deactivating TMV infectivity, only 1
of 9 plants infected in one of the three experiments
(Table 1). Another disinfectant, 1% Menno-Ter Forte,
had partial effect which resulted in less than 9 of 27 test
plants infected from three experiments. The results from
Bayesian analysis also supported the above conclusion
(Figure 1D).

Figure 1 Assessing the effectiveness of various disinfectants against virus infection. Statistical analysis using the Bayesian method was
used to evaluate the effect of different disinfectants against infectivity through mechanical inoculation on tomato plants of four viral and viroid
pathogens, including A). Pepino mosaic virus (PepMV), B). Potato spindle tuber viroid (PSTVd), C). Tomato mosaic virus (ToMV), and D). Tobacco
mosaic virus (TMV). In Bayesian analysis with a credibility interval (CI) of 1 representing 100% infection rate, meaning there was no effect in that
treatment, whereas CI of 0 representing zero infection rate, meaning a full protection of treated plants by that disinfectant. The lower the CI
value, the better effect that disinfectant against that pathogen. The higher the CI value, more plants were infected, thus the efficacy of that
disinfectant was lower. Variable effects of each disinfectant are represented with a range of CI values generated from different replications. Those
disinfectants with CI values not in overlap indicates significant differences between them. POS: positive control with pathogen only (PepMV,
PSTVd, ToMV and TMV) without treatment; GG: Greenhouse Guardian (1.1 g/L); BS: BioSide (0.78 mL/L); GS: Green-Shield (5.20 mL/L); VOR: Vortexx
(1.95 mL/L); SD: SaniDate (3.82 mL/L); DOG-0.1: DES-O-GERM (1 mL/L); DOG-0.2: DES-O-GERM (2 mL/L); KG: KleenGrow (4 mL/L); MF: Menno Florades
(30 mL/L); MTF: Menno-Ter forte (10 mL/L); SO: StorOx (9.77 mL/L); OCT: Octave (7.81 mL/L); VS-0.5: Virkon S (5 g/L); TSP: Trisodium phosphate (100 mL
saturated solution/L); LYSOL: Lysol all-purpose cleaner (500 ml/L); CLOROX: Clorox regular-bleach (100 mL/L); NFDM: Nonfat dry milk (200 g/L); VS-1.0:
Virkon S (10 g/L); VS-2.0: Virkon S (20 g/L); NEG: negative control with inoculation buffer only.
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Impact of application rate on efficacy
The effect of disinfection is also dependent on the applica-
tion rate. When comparing Virkon S in three concentra-
tions (0.5%, 1% and 2%), the impact of application rate to
TMV infection were observed (Figure 2). In general, 0.5%
Virkon S had little effect to slow down virus or viroid
transmission (Table 1). Partial protection to TMV was ob-
served when 1% Virkon S was used (Figure 2). However,
when 2% Virkon S solution was used, full protection from
TMV infection was observed (Figure 2). Taken together,
2% Virkon S achieved the most consistent effects against
four tomato virus and viroid pathogens: PepMV, PSTVd,
TMV, and ToMV (Table 1 and Figure 1).

Efficacy of selected disinfectants upon storage
To address concerns over the stability of disinfectants in
prolong storage, the two most effective disinfectants
(10% Clorox regular bleach and 2% Virkon S) were
examined against TMV infection. Each treatment was
performed through mixing an equal volume of TMV in-
oculum with a 2X stock solution of a respective disin-
fectant. In the case of Clorox regular bleach, the 2X
stock solution (20% Clorox regular bleach) was stored at
room temperature (20-30°C) for 30 days. Virkon S, 4%
stock solution (2X) was prepared and stored for two
time periods, 10 days and 30 days. At each storage time
point, treatments were carried out by mixing an equal
volume of a prepared virus inoculum with a 2X stock
solution for 30 seconds just before used for a bioassay.
Results showed that in comparison to that of a freshly
prepared solution, the ability to deactivate TMV infecti-
vity of Clorox regular bleach in storage for over 30 days
was equally effective (Figure 3A). Virkon S, stock solu-
tions (2X) in storage for 10 days or 30 days were equally
effective to deactivate TMV infectivity in comparison to
those of a freshly prepared solution. While all the test
plants in the positive control without treatment were se-
verely infected and dying, plants treated with a freshly

prepared solution or those solutions in storage for
10 days and 30 days were fully protected from TMV in-
fection (Figure 3B).
A total of 16 disinfectants were evaluated for their

effectiveness in preventing transmission of three major
tomato viruses (PepMV, ToMV, and TMV) and one
viroid (PSTVd) through mechanical inoculation on to-
mato seedlings. This study demonstrated consistently
the broad spectrum effects from two common disin-
fectants (2% Virkon S and 10% Clorox regular bleach) in
deactivating the infectivity of PepMV, PSTVd, ToMV,
and TMV (Table 1). Four other disinfectants (1% Virkon
S, 50% Lysol all-purpose cleaner, 20% nonfat dry milk,
and 1% Menno-Ter Forte) also had promising efficacy in
deactivating certain target pathogens (Table 1, Figure 1).
The three exposure times (0–10 sec, 30 sec, or 60 sec)

in treatment of inocula by disinfectants were selected to
mimic the short time intervals in cutting tissues between
plants during tomato crop work in a greenhouse, such
as grafting, deleafing, or fruit harvesting. However, there
were no significant differential responses observed among
the three time intervals. These results suggested that the
effects of those effective disinfectants against virus and
viroid infectivity were immediate upon mixing and ex-
posure. With such swift action from the effective dis-
infectants, there is no need to wait after dipping for a
disinfectant to achieve its full function.
Growers are concerned about how long a diluted dis-

infectant could be stored in a greenhouse without losing

Figure 2 Effects of various concentrations of Virkon S in
deactivating Tobacco mosaic virus (TMV) infectivity as assessed
in bioassays through rub-inoculation upon exposure for 30 sec
using Virkon S at 0.5% (left) with no protection, at 1% (middle)
with partial protection, and at 2% (right) with full protection.

Figure 3 Stability of prepared disinfectants in prolong storage
for their effect in deactivating Tobacco mosaic virus (TMV)
infectivity. A). Comparative effectiveness of freshly prepared 10%
Clorox® bleach solution (Fresh) and a similarly prepared solution in
storage at room temperature (20–30°C) for 30 days. The positive
control (TMV only) without treatment was used to assess the TMV
infectivity in the inoculum. B). Comparative effectiveness of 2%
Virkon S solutions from a freshly prepared (Fresh), those in storage
for 10 days (10 days) and 30 days (30 days) after preparation at
room temperature (20–30°C). A positive control (TMV only) was used
to assess TMV infectivity in the inoculum.
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