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ABSTRACT

Under most routine conditions tested, addition of
sucrose to virus inoculum caused only slight or no
increase in the mechanical transmission of the wvi-
ruses of cucumber mosaic (CMYV), citrange stunt
(CSV), tomato spotted wilt (TSWV), tomato ring-
spot (TRSV), tobacco ringspot (ToRSV), tobacco
mosaic (TMV), tobacco necrosis (TNV), and po-
tato X (PXV), but caused significant increase in
the transmission of all these viruses under certain
conditions. The greatest increase (average, 55-fold;
maximum, 467-fold) in virus transmission due to
59% sucrose (sucrose effect) was in the transmission
of CMV from the inner leaves of old, systemically
infected sugarbeets when 169 magnesium silicate
was added to the inoculum after grinding, and when
the young, inoculated cowpea leaves were dried
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slowly. The presence of MgySizOg- SH0 or caf-
feine, absence of K, HPO,, use of cowpea as an
indicator host, and slow drying were the most im-
portant variables for inducing a high sucrose effect.
Other variables which increased the sucrose effect
were: use of upper versus lower leaves of systemi-
cally infected cucumber or tobacco as inoculum;
use of up to 20% Celite in the inoculum; aging of
the inoculum suspension for 10 min to 1 hr; heating
the indicator leaves 5-15sec at 50 C before inocu-
lation; and making inoculations in early morning
during the winter months, The addition of sucrose
or dextrose increased the longevity of TMV, TSWV,
and CMV in liquid suspensions or as drying de-
posits on leaves. Phytopathology 61:1173-1176.

Sucrose was first reported to increase virus trans-
mission by Hansen (6). Since then Brakke (1), Davis
& Whitcomb (2), Whitcomb & Sinha (11), Grant &
Corbett (5), Desjardins & Wallace (3), and Yarwood
& Hecht-Poinar (13) have confirmed the merits of
sucrose in virus transmission, but El-Kandelgy & Wil-
coxan (4), Lindner et al. (7), Subbarayudu & Wilcoxan
(9), and Sukhbir et al. (10) indicate that sucrose and/
or other sugars decreased infection. Several other
references to the use of sugars in virus inoculation
could be given. It is therefore logical to expect that
sugars may increase or decrease infection, depending
upon inadequately specified conditions. The present
report is an attempt to specify under what conditions
sugars are most effective.

MATERIALS AND METHODS.—Inoculum was usually
prepared by grinding 0.1 or 0.2 g donor leaf tissue plus
test supplement and including or excluding sugar, in
1 ml water. Water and Celite were added, and the sus-
pension was wiped over the surface of indicator leaves.
Most indicator plants (cucumber, cowpea, bean) had
twin leaves; one leaf was inoculated without sugar,
and the opposite leaf of the same plant was inocu-
lated with the same suspension plus sugar. Lesions
were counted 3-10 days later. The ratio of the number
of lesions with sugar to the number of lesions without
sugar is the sugar index (see Table 1). In Table 2,
the minimum sucrose index is the lowest value for a
given treatment in any test, the average is the mean
index value for all tests, and the maximum is the
highest value for a given treatment in any test. The
viruses, donor hosts, and indicator hosts are indicated
in Table 2. Numbers of replications within a test
varied from zero to six, and the numbers of lesions
per leaf ranged from zero to about 1,600. Within a
test, replicates usually gave closely similar results, but
the same treatment in different trials commonly gave

very different results. Therefore, the number of trials
is considered of much greater importance in increas-
ing significance than is the number of replications.

Trials of the effect of sugars in the preservation of
virus were of two types. In one, the virus suspensions
with and without sugar were used as inoculum at dif-
ferent times after preparation. In the other, virus sus-
pensions with and without sugar were sprayed on the
indicator leaves, and the leaf surfaces rubbed at various
times after inoculation.

Except for trials of time of day or season, all com-
parisons of a test variable presented in Table 3 were
within the same trials.

Trials were progressive in that as different variables
were found important in the sucrose effect, these
variables were increasingly used as constants in subse-
quent trials. For example, most trials of the effect of
sucrose concentration (Table 3) were performed be-
fore the importance of other supplements, of drying
of leaves, of position of donor leaves, etc., was real-
ized. Therefore, the values of the sucrose index for
different concentrations of sucrose are much lower
than if such trials had been made with magnesium
silicate (Mg,SizOg - SH,0, here abbreviated as MgSi)
or caffeine in the inoculum, without quick drying of
leaves, etc.

ResurTs.—Actual results of one representative trial
are given in Table 1, and a summary of most trials is
given in Tables 2 and 3. Infection of all six viruses
tested was increased due to sucrose under some con-
ditions, and infection was decreased by sucrose under
other conditions. The greater sucrose indexes with cu-
cumber mosaic virus (CMV) than with other viruses
is probably because it was studied at greater length.
There was no clear effect of donor host, but average
values for CMV from tobacco were the highest se-
cured. Cowpea and bean as indicator hosts gave higher
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TasLe 1. Effect of sucrose on transmission of cucumber
mosaic virus from cucumber to cowpea in one trial®

Quick- No. lesions on four

Supplement to dried cowpea leaves
2% cucumber after
tissue - 5% inocula- 5% Sucrose
Celite tion Control  Sucrose index
0 158 444 2.80
0 + 1,482 1,035 0.70
0.1% Caffeine 20 821 41.00
Before grind - 807 662 0.82
15% Mg,Siz0q

+ 5H,0 17 79 4.70
After dilution e 811 545 0.67

a4 This trial is atypical in that the sucrose index with caf-
feine is higher than usual, and the sucrose index with MgSi
is lower than usual.
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sucrose indexes than did cucumber and Chenopodium
quinoa.

Representative dosages of treatment variables for
the transmission of CMV from cucumber to cowpea
are given in Table 2. Several intermediate values are
omitted. Low values of the sucrose index were mostly
associated with K,HPO4 in the inoculum and quick
drying after inoculation. KoHPO, in the inoculum re-
duced the sucrose index more than 4-fold, and quick
drying more than 3-fold. Other treatments which re-
duced the sucrose index were washing of leaves and/or
holding plants in a moist chamber after inoculation.
The concentration of sucrose for the highest sucrose
index was about 5%. High concentrations of sucrose
commonly injured the leaves. High values of the su-
crose index were usually associated with high concen-
trations of Celite as an abrasive, with use of upper

TasrLe 2. The effect of sucrose in the inoculum on the transmission of several viruses
Sucrose index
Avg no.
lesions on
Donor Indicator control

Virust host host Trials leavesb Min Avg Max
CMV Cucumber Cowpea 267 68 0.03 18.0 400.0
CMV Beet Cowpea 138 28 0.20 13.0 467.0
CMV Tobacco Cowpea 28 75 0.90 220 143.0
CMV Cowpea Bean 10 51 0.07 52 280
TRSV Cucumber Cucumber 8 30 0.20 1.4 4.0
TRSV Cucumber Cowpea 3 33 0.90 5.1 7.8
TRSV Cucumber Bean 10 6 0.10 6.4 23.0
TRSV Bean Bean 1 12 0.30 3.1 10.0
TRSV Baccharis

pilularis Cowpea 3 15 1.00 25 4.7
TRSV B. pilularis Bean 2 2 2.00 30 4.0
TRSV Cowpea Cucumber 2 16 0.50 0.8 0.9
ToRSV Plantain Cucumber 2 12 1.00 5.5 16.0
ToRSV Plantain Bean 4 18 0.50 16.0 37.0
ToRSV Plantain Chenopodium

quinoa 2 70 0.50 0.6 1.1

CSV Lemon Cowpea 32 0 0.04 2.8 13.0
Csv Lemon Bean 17 8 0.30 2.7 16.0
Ccsv Cowpea Cowpea 15 45 0.20 3.7 14.0
CsV Cowpea Bean 3 20 0.80 6.9 23.0
CSV Nicotiana

clevelandii Cowpea 6 65 0.60 4.0 240
Ccsv N. clevelandii Bean 3 23 0.20 6.7 25.0
TSWV Erigeron

glaucus Cucumber 9 10 0.30 1.2 2.5
TSWV E. glaucus C. quinoa 2 25 0.70 0.9 1.2
TSWV E. glaucus Cowpea 9 14 0.70 50 15.0
TSWV E. glaucus Bean 5 2 0.20 3.6 120
TSWV N. rustica Cucumber 5 27 0.20 24 50
TSWV N. rustica Cowpea 4 14 0.30 13.0 117.0
TSWV Cowpea Cucumber 8 12 0.50 1.1 3.0
TSWV Cowpea Cowpea 15 11 0.20 85 57.0
TSWV Cowpea Bean 2 15 6.00 10.0 17.0
T™MV Tobacco Cowpea 2 60 1.10 3.9 9.0
T™MV Tobacco Bean 3 220 0.50 1.0 1.5
T™MV Cucumber Cucumber 3 45 0.70 1.3 20
TMV Cucumber Cowpea 2 33 1.80 3.1 5.0

# CMV = cucumber mosaic virus; TRSV = tomato ringspot virus; ToRSV = tobacco ringspot virus; CSV = citrange
stunt virus; TSWV = tomato spotted wilt virus; TMV = tobacco mosaic virus.

b These have little significance except to indicate the total number of lesions. Vertical comparison of values is not valid
for comparing the relative infectivity of different inocula. Trials were designed to test the effect of sucrose under a
variety of conditions, with inoculum without sucrose on one leaf and the same inoculum with sucrose on the opposite twin
leaf. For CMV transferred from cucumber to cowpea, the average number of lesions per leaf without sucrose ranged from

0 to 450 in different trials.
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TasteE 3. Some variables affecting sucrose in the trans-
mission of cucumber mosaic virus from cucumber to cowpea
Avg no.
lesions
per
leafon Avg
control sucrose
Variable Treatment Trials leaves index
‘Concentration 0.5% Sucrose 19 42 2.2
of sucrose 2% Sucrose 19 42 4.2
8% Sucrose 19 42 4.6
Environment Normal 5 40 12.0
Moist chamber
for 24 hrs 5 10 3.8
Drying of
inoculated Control 48 35 9.0
leaves Quick-dried 48 92 2.5
Washing of
inoculated Control 5 47 8.4
leaves Washed 5 122 29
Position of Lower (basal) 15 42 9.0
donor leaves Central 14 110 13.0
Upper (terminal) 20 20 17.0
Age of 7-11 Days from
indicator seeding 17 34 18.0
plants 12-16 Days from
seeding 12 45 7.2
Time of day of 0400-0800 96 37 23.0
inoculation 1400-1800 35 21 12.0
Aging of
inoculum Fresh 16 52 13.0
suspension Aged 10-40 min 8 40 20.0
Heat to
indicator
leaves 0 20 14 89
before 10Secats0C 13 18 20.0
inoculation 20Secat50C 7 4 7.0
Concentration 0 34 36 9.5
of K,HPO, 0.5% K,HPO, 34 254 21
Conpentration 0 25 20 6.6
of Mg,SigOg 29 14 18 170
- SH0 6% 19 23 220
15% 11 3 55.0
Concentration 0 9 97 6.7
of caffeine 0.1% 9 59 12.0
Concentration 0.1 8 9 3.4
of Celite 1.0 16 82 6.8
10.0 24 96 18.0
200 6 26 280
Type of 15% Celite 2 42 15.0
abrasive 15% MgSi 2 3 270
15% Corundum 1 11 2.2
15% Carborun-
dum 1 11 2.0
Time of adding  Before grinding 8 33 16.0
sucrose After dilution 8 33 9.8
Time of adding  Before grinding 8 38 11.0
MegSi After dilution 8 38 26.0

donor leaves, with the use of young indicator plants,
with making inoculations in the early morning, and
with high concentrations of MgSi added after dilution
of the inoculum. High concentrations of Celite and/or
MgSi delay the natural drying of inoculated leaves,
and their effect may therefore be related to the effect
of quick drying of leaves with or without these sup-
plements.

Sucrose was the sugar used unless otherwise indi-
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cated, but lactose, mannose, and dextrose were used
in seven trials, with results not clearly distinguished
from those with sucrose.

Of 762 trials over 7 years, the number of trials and
the average maximum sucrose index per ftrial per
month, respectively (data not in tables), were as fol-
lows: January, 76 and 77; February, 55 and 203;
March, 32 and 32; April, 55 and 33; May, 56 and 47;
June, 58 and 46; July, 63 and 90; August, 64 and 73;
September, 73 and 105; October, 66 and 61; Novem-
ber, 84 and 92; and December, 80 and 53. Since the
average sucrose index was 111 for the winter months,
37 for spring months, 69 for summer months, and 86
for fall months, there is support here for Whitcomb
& Sinha’s report (11) that the sucrose effect is greatest
in the winter months. More clear than seasonal dif-
ferences are the progressive annual differences. As
trials progressed, each trial was based on knowledge
secured in previous trials, and the average maximum
sucrose index per trial was 7.6 in 1963 and 133 in
1970.

A clear relation of concentration of inoculum to the
sucrose effect was not established. In 38 trials, the
average sucrose index was 11 for 0.259% tissue con-
centration, 8.9 for 0.5%, 6.4 for 1%, 7.6 for 29, 8.3
for 49, and 5.7 for 8%.

Virus was inactivated more slowly in sucrose sus-
pensions than in water. In eight trials, the average
half-life (8) of a suspension of tomato spotted wilt
virus (TSWV) in water was 21 min; in 59, sucrose,
41 min. In four trials, the average half-life of CMV
in water was 91 min; in 59 sucrose, 303 min. In six
trials, the average half-life for CMV suspensions
sprayed on leaves and allowed to dry was 30 min in
water and 190 min in 59 sucrose. In two trials, the
average half-life of tobacco mosaic virus (TMV) sus-
pensions sprayed on leaves was 104 min for water and
420 min for sucrose. In trials with CMV only, dextrose
appeared to behave similarly to sucrose in the preser-
vation of virus infectivity.

DiscusstoNn.—As sucrose may cause such great in-
creases in virus transmission, situations might be ex-
pected where sucrose would be a major aid in virus
transmission. No such case is apparent from this study,
nor was this study properly designed to reveal such.
It was once believed (5) that sucrose and/or charcoal
were uniquely useful in the transmission of a virus
from citrus to herbaceous indicator plants, but recent
studies with charcoal (12) and the present studies
with sucrose do not support this. While sucrose and
charcoal separately or in combination increase trans-
mission of citrange stunt virus to cowpea, they do not
give greater transmission than can be secured with
other supplementary treatments such as K,HPO, and
quick drying, without sucrose or charcoal (data not
presented here).

The objective of this study was to find the condi-
tions under which sucrose would produce the greatest
increases (or decreases) in virus transmission. We
found that the conditions which resulted in the highest
sucrose indexes (slow drying, absence of K,HPO,,
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high MgSi) are conditions which produce low infec-
tion; and the reversal of these conditions (quick dry-
ing, presence of K,HPO,, low MgSi) will produce
greater infection than any addition of sucrose.

LITERATURE CITED

1. Brakxke, M. K. 1956. Stability of potato yellow dwarf
virus. Virology 2:463-476.

2. Davis, R. E,, & R. F. Waircoms. 1967. Sucrose en-
hanced local infection of plants by viruses. Phyto-
pathology 57:808.

3. Desjaroins, P. R., & J. M. WALLACE. 1962. Cucumber,
an additional herbaceous host of the infectious varie-
gation strain of citrus psorosis virus. Plant Dis.
Reptr. 46:414-416.

4. Er-Kanpercy, S. M., & R. D. Wircoxan. 1965. In-
hibition by sugars of infection of Gomphrena globosa
by red clover vein mosaic virus. Phytopathology
55:1057.

5. GranTt, T. J, & M. K. CorBerr. 1960. Mechanical
transmission of the infectious variegation virus of
citrus. Nature 188:519-520.

6. Hawnsew, H. P. 1954. The influence of saccharose on
infectivity and physical properties of some plant

7.

10.

11.

12,
13.

viruses. Contrib. Dep. Plant Pathol. Roy. Vet. Agr.
Coll. Copenhagen, No. 39. 18 p.

Lmoner, R. C., H, C. Kirkratrick, & T. E. WEEKS.
1959. Some factors affecting the susceptibility of
cucumber cotyledons to infection by tobacco mosaic
virus. Phytopathology 49:78-88.

Nirzany, F. E., & S. Friepman, 1963, Application of
the half-life concept to some plant viruses. Phyto-
pathology 53:548-551.

SueearaYUDU, S., & R. D. Wincoxan, 1967. Effect of
mannose on infection by Gomphrena globosa by red
clover vein mosaic virus. Phytopathology 57:1292-
1205,

Sukmer, B, T. C. AuLEN, & J. A. MILBRATH. 1964.
The use of sucrose and centrifugation to separate
viruses from inhibitors in Chenopodium. Phytopa-
thology 54:888 (Abstr.).

Warrcoms, R. E., & R. C. Sivma. 1964. Effect of
host components and sucrose on infection by po-
tato yellow dwarf virus. Phytopathology 54:142-
146.

Yarwoop, C. E. 1969. Charcoal in virus inoculations.
Phytopathology 59:71-75.

Yarwoon, C. E, & Eva Hecur-Poinar. 1970. Mag-
nesium silicate in virus transmission. Virology 41:
436-443,



