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Abstract. Treating lettuce mosaic virus (LMV) infected seeds by dry heat at 40, 50, 60, 70, 80 and 85°C
for 1, 2, 3, and 4 days showed that exposure to 85°C for any of the tested periods eradicated the virus, but
greatly reduced seed germination. However, treating seedsat 80°C for 3 or 4 days was effective in eradicat-
ing the virus without a significant reduction in seed germination. Imbibing LMV-infected seeds in
polyethylene glycel (PEG) and heating-at 22, 38 and 40°C for 5,10 and 15 days resulted in complete inac-
tivation of the virus in both cultivars, Balady and Eskandrany, with no significant effect on seed germina-
tion only when seeds were imbibed in PEG and heated at 40°C for 10 days.

Introduction

Lettuce mosaic virus (LMYV) is a serious pathogen to lettuce (Lactuca sativaL.). The
virus is a member of the potyvirus group [1] easily transmitted by mechanical means
[2] and is also seed transmissible [3] at a ratio of 1-10% [4-6]. Infected seedlings pro-
duced from few seed-borne infections provide a primary source of inoculum from
which virus spreads mainly by aphids in a non-persistent manner [7].

The use of LMV-free lettuce seeds for controlling LMV has previously been
suggested [3,6] and would be extremely useful to farmers. This work was thus under-
taken to determine if LMV carried in infected seeds could be eradicated by dry and/
or wet heat treatment.

Materials and Methods
Virus and inoculation procedure

A previously identified isolate of lettuce mosaic virus (LMV, Alex-isolate) [8]
was used in this study. Inocula were prepared and test plants inoculated as previously
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outlined [8]. Control plants were treated with buffer and abrasive. After inoculation
all plants were placed inside insect-proof cages.

Heat treatment

Seeds collected from infected lettuce plants of the cultivars “Balady” and “Es-
kandrany” inoculated with LMV at 7-10 leaf stage and with & known percentage of
LMV-infected seeds, as evidenced by symptoms produced on seedlings, were used in
the following heat treatments,

A) Dry heat treatment

Samples of 200 seeds each were placed in paper bags and placed in a dry air oven
at 40, 50, 60, 70, 80 or 85°C for aperiod of 1, 2, 3 or 4 days. Three replicates were used
for each treatment. Seeds used as control were kept at room temperature. Seed ger-
mination and seedling infection rates were recorded and statisiically analysed [9, p.
327].

B) Wet heat treatment in the presence of polyethylene glycol

Polyethylene glycol (PEG, MW 6000) dissolved in distilled water at the concen-
trations of 36{, 406 and 415 g/l was used to give nominal 15 bar osmotic potential at
22, 38 and 40°C, respectively. Eight ml of the PEG solution were added to 9 cm
diameter Petri dish containing four layers of Whatman No. 1filter paper and samples
of 200 seeds each were placed onto the moist paper. Dishes were sealed with
parafilm, placed in polyethylene bags, and incubated at 22, 38 or 40+ 1°Cfor 5, 10 or
15 days. Similar samples, without PEG, were similarly treated as control. After heat
treatment seeds were removed from the Petri dishes and rinsed with 100 ml of 2%
sodium hypochlorite solution to eliminate microbial contamination. Surface
sterilized seeds were then rinsed twice with 100 ml distilled water to remove the
residual PEG and sodium hypochlorite. Seed germination and seedling infection
rates were recorded and statistically analyzed as previously mentioned.

Results

Inactivation of LMYV in lettuce seeds
A) Dry heat treatment

Treating LM V-infected seeds of lettuce cultivars Eskandrany and Balady with
dry heat at 40, 50, 60, 70, 80 or 85°C for 1,2,3 or 4 days has shown that exposure to
85°C for any of the tested periods eradicated the virus but greatly reduced percentage
of germination (Table 1 and 2). Treatment with 80°C, however, was effective in
eradicating the virus only when sceds were exposed to this temperature for 3 or 4
days but not for shorter periods. At this temperature, germination percentage
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Table1. Effect of hot air on seed transmission of lettuce mosaic virus in Eskandrany lettuce seeds

Seed Seed Temperature Exposure Treatment
Temp- Exposure  germination transmission means period means
rature period
C) (days) % Trans.® % Trans.” a b a b a b
1 996 87.8 7.1 15.7
2 91.1  85.6 7.4 15.8
40 3 98.0 884 7.6 16.3  8#5.1 16.0
4 96.1 78.8 7.8 16.2
1 098.7 848 8.2 16.6
2 96.5 79.2 7.2 156
50 3 95.2 771.6 6.8 151 789 156
4 9z.4  T74.0 6.9 15.2
1 96.7 798 7.0 15.3
2 952 714 5.7 140 81.3 140 716 112
60 3 928 745 59 14.0 69.7 107
4 91.7 933 5.0 12.8 67.2 100  69.3 10.3
08.7 9.2
1 9.1 726 71 151
2 88.6 72.6 5.1 131 729 128
70 3 e84 703 5.2 13.0
4 7.8 762 2.9 9.1
1 91.9 735 0.5 34
2 g91.1 72.8 0.1 4.8
R0 3 873  69.2 0.0 0.7 701 2.4
4 81.7 647 0.0 0.7
1 26.6 31.0 0.0 07
2 25.7 305 0.0 0.7
85 3 226 284 .0 0.7 287 0.7
4 179 249 0.0 0.7
Control 1 99.8 84.4 7.4 15.7
atroom 2 100.0  S0.0 8.3 16.7
tempera- 3 99.8 88.4 8.1 6.5 874 lo4
ture 4 99.5 B6.8 8.1 16.5
LS.D Sz?ed ~ Segd )
0.05 germination transmission
Temperature 21 0.9
Exposure period 1.6 0.7

Trans. and trans.” are the transformed values corresponding to seed germination and virus seed

transmission percentages, respectively. To allow statistical analysis, data as percentages were first trans-
formed as described by Snedecor [9, P. 327]. Data are average of 3 replicates.
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Table 2.  Effect of hot air on seed transmission of lettuce mosaic virus in Balady lettuce seeds

Seed Seed Temperature Exposure Treatment
Temp- Exposure germination transmission mesns period means
rature period
O (days) % Trans.® % Trans® a b a b a b
1 99.7 84.7 7.2 15.6
2 953 780 7.3 157
40 3 929 81.0 6.8 i52 787 154
4 895 71.2 6.9 15.2
1 96.0 772 6.6 16.0
2 94.4 764 6.3 14.5
50 3 924 740 58 139 748 136
4 90.1  71.7 38 11.3
1 924 751 6.4 14.7
2 91.0 72.5 6.2 14.5 -
60 3 89.1 704 3.9 11.3  71.8 125
4 87.1 690 2.8 9.6 66.4  10.6
641 101 634 9.4
1 86.7 68.6 5.6 13.7 63.3 9.1
.2 85.1 673 5.0 126 663 11.8 596 7.6
70 3 82.2 651 4.7 12.5
4 80.7 64.0 2.0 8.2
1 855 676 0.7 4.1
2 831 657 0.7 4.1
80 3 82.6 654 0.0 0.7 650 2.4
4 77.1 614 0.0 0.7
1 18.0 251 0.0 0.7
2 17.2 245 0.0 0.7
85 3 162 236 0.0 7 233 0.7
4 14.1 200 0.0 0.7
Control 1 1000  90.0 8.1 16.5
atroom 2 1000  90.0 6.7 15.0
tempera- 3 99.5 86.8 7.3 147 884 155
ture 4 99.5 B86.6 7.6 159
LS.D Seed Seed
0.05 germination  transmission
Temperature 21 0.8
Exposure period 1.6 0.6

Trans.? and trans.” are the transformed values corresponding to seed germination and virus seed
transmission percentages, respectively. To allow statistical analysis, data as percentages were first trans-
formed as described by Snedecor [9, P. 327]. Data are average of 3 replicates.



Thermotherapy of Lettuce Mosaic Virus Infected Seeds 265

remained at a relatively high level (87.3 - 81.7 in Eskandrany and 82.6-77.1 in
Balady).

B) Wet heat treatment with polyethylene glycol

Results presented in Tables 3 and 4 indicate that, in both cultivars, imbibing
seeds in PEG and heat treating at 22, 38 or 40°C for 5 days did not free seeds from
the virus. In contrast, when seeds were imbibed in PEG and heated at 40°C for 10
days complete inactivation of the virus in both cultivars was achieved with no effect
on germination. Although imbibing seeds in PEG and heat treating at 40°C for 15
days could similarly inactivate the virus, the treatment slightly reduced seed germi-
nation. None of the control treatments (without PEG) was successful in freeing seeds
from the active virus.

Discussion

Since, LMV incidence in the field is largely dependent upon the amount of seed-
borne virus [10], attempts in the present study, were made to erradicate LMV carried
in the seeds. Results of treating LMV-infected lettuce seeds of the two local cultivars,
Balady and Eskandrany with dry heat showed that exposure of infected seed to 80°C
for 3-4 days was effective in eradicating the virus. However, the treatment slightly
reduced seed germination. Nearly the same conclusion was reached by Howles [11].
A reduction in the level of LM V-infection by heating dry lettuce seeds to over 100°C
has been reported but the treatment reduced germination [12].

When seeds were imbibed in PEG and heated at 40°C for 10 days, complete
inactivation of the virus in both cvs. with no effect on seed germination, was
achieved. These results, in general, agree with those obtained by Walkey and Dance
[13] who reported that LMV was inactivated in PEG imbibed seeds incubated con-
tinuously at 40°C for 6-10 days. Our results showed that exposure to 40°C for 5 days
did not greatly affect seed transmission of the LMV-Alex isolate and thus required
a longer exposure period for inactivation. The successful inactivation of LMV in
PEG-treated seeds is possibly due to the controlled imbibition allowing the processes
of virus synthesis to start, thereby making the virus susceptible to the high tempera-
ture treatment [13].

In the light of the information obtained in this paper, one could sately recom-
mend the use of PEG treatment coupled with heating at 40°C for 10 days to eradicate
LMYV from lettuce seeds in Egypt. This treatment which eliminates the primary
source of infection is expected to reduce losses due to the disease.
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Table3.  Effect of polyethylene glycol coupled with heat treatment on eradication of lettuce mosaic virus
carried in Eskandrany lettuce seeds.

Incuba- Seed Seed Incubation Temperatore Treatment
Treat- tion Tempe- germination transmission period means means means
ment period  rature

(days) °C) % Trans." % Trans.! a b a b a b
PEG 5 22 99.8 884 7.7 158

38 99.1 845 64 150 847 148
40 9.6 81.1 56 13.6

10 22 996 878 55 135 831 132
38 982 823 40 11.5 B840 86 787 11.7 197 9.9
49 98.0 819 0.0 0.7 772 50

13 22 91,5 731 31 102

38 86.3 69.4 2.0 8.7 704 65
40 849 686 0.0 0.7

Control 5 22 1000 90.0 7.3 158
(Without 38 98.0 819 57 146 846 149
PEG) 40 98.0 819 51 142
10 22 99.8 884 57 137 87.7 143
a8 987 847 4.2 11.8 850 11.8 822 127 834 128
40 98.0 819 2.9 9.8 80.2 114
15 22 99.1 846 5.6 133

38 96.9 80.0 43 11.8 B804 117
40 948 767 37 101

L.S.D. Seed Seed
0.05 germination transmission
Treatment 1.6 0.7
Incubation period 23 0.9
Temperature 23 0.9

Trans.? and trans.? are the transformed values corresponding to seed germination and virus seed
transmission percentages, respectively. To allow statistically analysis, data as percentages were first trans-
tormed as described by Snedecor [9, P. 327], Data are average of 3 replicates.
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Tabled. Effect of polyethylene glycol coupled with heat treatment on eradication of lettuce mosaic virus
carried in Balady lettuce seeds.

incuba- Seed Seed Incubation Temperature Treatment
Treat- tion Tempe- germination transmission period means means means
ment period rature
(days) °C) % Trans.* % Trans.” a b a b a b
PEG 3 22 98.1 822 65 148

38 945 773 61 123 785 131
40 935 759 44 121

10 22 9.5 793 47 125 775 11.8
38 933 750 41 117 761 83 738 104 747 89
40 924 741 0.0 0.7 72.9 4.5

15 22 89.3 71.0 21 8.2

38 7.3 691 1o 77 696 54
40 86.1 o086 0.0 0.7

Control 5 22 97.1 825 6.0 123
(Without 38 97.1 802 42 11.8 807 11.8
PEG) 40 9.5 793 38 11.2
10 22 98.1 825 56 136 82,2 128
38 97.1 802 44 1200 804 121 B0.00 118 801 118
40 96.1 786 34 108 78.2 109
15 22 979 817 46 124

38 9.7 795 40 117 793 116
40 94.8 708 34 108

LS.D. St'eed. See'd .
0.05 germination  transmission
Treatment 0.8 1.0
Incubation period 1.1 1.4
Temperature 1.1 1.4

Trans.” and trans.” are the transformed values corresponding to seed germination and virus seed
transmission percentages, respectively. To allow statistically analysis, data as percentages were first trans-
formed as described by Snedecor [4, P. 327]. Data are average of 3 replicates.
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