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Effects of Fumigant Nematicides on Yield and Quality of 
Paste Tomatoes Grown in Southwestern Ontario 1 
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Abstract: Field trials were conducted at the Delhi Research Station, Ontario, Canada, on a Fox 
loamy sand soil dur ing 1987 and 1988 to evaluate the effects of row application of the fumigants 
Telone II, Telone C-17, Vorlex Plus, and Vorlex Plus CP on the yield and quality of paste tomato 
(Lycopersicon esculentum Mill. cv. Ferry Morse 6203). The  four fumigants were equally effective in 
controlling the natural  field populations of root lesion nematodes (Pratylenchus penetrans Cobb). A 
significant reduction in marketable red fruit yield due to different nematode densities at time of  
t ransplant ing was observed in 1988. Fumigation did not significantly affect the yield of nonmarket-  
able fruit, the relative maturat ion rate, or the processing quality in either year. 
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The root lesion nematode (Pratylenchus 
penetrans Cobb) is an important  plant- 
parasitic nematode in southwestern On- 
tario (7,17). Stunting of field tomatoes (Ly- 
copersicon esculentum Mill.) due to injury 
from P. penetrans in the Leamington area 
of  southwestern Ontario was first reported 
in 1954 (9). In clay tile microplots inocu- 
lated with P. penetrans, preplant popula- 
tion densities greater than 2,000/kg soil 
caused a significant reduction in plant top 
weights and root weights of  the fresh- 
market tomato cv. Veebrite (16). A reduc- 
tion in plant height of 66% was observed in 
the fresh-market tomato cv. Bonny Best 
after 2 months of  growth in a greenhouse 
in a soil containing a preplant population 
density of 550 P. penetrans/kg soil (8). Yield 
reductions due to feeding injury by P. pen- 
etrans have also been reported on other 
vegetable crops such as sweet corn (Zea 
mays L. var. rugosa Bonaf. cv. Veecrop) and 
onions (Allium cepa L. cv. Copper Gem) at 
preplant population densities of 666/kg 
and on lettuce (Lactuca sativa L. cv. Penn- 
lake) at a preplant population density of  
2,000/kg (12,18). In a survey of  Kent and 
Essex counties in Ontario, Pitblado and 
Ohhof  reported that 11.2% and 13.5% of 
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the tomato fields with coarse-textured soils 
contained P. penetrans population densities 
greater than 2,000/kg of soil in 1988 and 
1989, respectively (15). 

This report describes the effects of  row 
fumigation on the yield and quality of  
paste tomato cv. Ferry Morse 6203 grown 
in field plots at the Delhi Research Station, 
Ontario, Canada, in 1987 and 1988. 

MATERIALS AND METHODS 

Field plots of the processing tomato cv. 
Ferry Morse 6203 were established in 1987 
and 1988 at the Delhi Research Station on 
a Fox loamy sand soil (86% sand, 7% silt, 
7% clay; 1% organic matter; pH 6.4). A 
plot consisted of a single row 1.25 m x 10 
m in 1987 and three rows 1.25 m x 10 m 
in 1988. All data were collected fi'om the 
single row in 1987 or the middle row of the 
three-row plots in 1988. Plots were ar- 
ranged in a randomized complete block 
design with four replications. A 2-year ro- 
tation was followed with winter rye (Secale 
cereale L.) used as a plow-down cover crop 
in the year previous to each year's tomato 
crop. 

Fumigants were applied on 1 May 1987 
and 5 May 1988, by single shank injection 
to a depth of 15 cm immediately followed 
by hilling, which resulted in a total soil cov- 
erage of about 30 cm. The fumigants used 
were Telone II (94% 1,3-dichloropropene) 
at 8.5 ml of formulation/m of row (68 li- 
ters/ha), Vorlex Plus (20% methyl isothio- 
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cyanate + 40% 1,3-dichloropropene and 
other related Cs hydrocarbons) at 3.5 ml of  
formulation/m of  row (28 liters/ha), Te- 
lone C-17 (78% 1,3-dichloropropene + 
16.5% chloropicrin) at 8.5 ml of  formula- 
tion/m of row (68 liters/ha), and Vorlex 
Plus CP (17% methyl isothiocyanate + 
34% 1,3-dichloropropene and other  re- 
lated Cs hydrocarbons + 15% chloropic- 
rin) at 5.5 ml of  formulation/m of row (44 
liters/ha). 

T o m a t o  seedlings were  grown on a 
muck seedbed in an unheated greenhouse 
located at the Delhi Research Station. 
Seedlings 15-20 cm tall were pulled and 
transplanted with a Holland-type vegeta- 
ble planter into the field plots at a spacing 
of 0.3 m in the row and 1.25 m between 
rows on 27 May 1987 and 24 May 1988. 
Fertilizer was applied at transplanting in 
10-cm bands on either side and 8 cm below 
the soil surface at a rate of  30 kg N + 60 kg 
P205 + 180 kg K20]ha. Approximately 3 
weeks later, an additional 45 kg N + 135 
kg K20/ha was applied as a banded side- 
dressing on either side of  the seedlings. 
Normal cultural practices and procedures 
as recommended annually were followed 
in regards to cultivation, diseases, insects, 
growth regulators, and weed control (14). 
Plots were irrigated (2.5 cm per irrigation) 
with overhead sprinklers three times in 
1987 and twice in 1988. 

In 1987, the nematode population den- 
sity before  fumigation was de te rmined  
from 16 samples taken at random from the 
entire plot area. Each sample consisted of  
10 soil cores 2.5 cm in diameter and 20 cm 
in depth. All subsequent nematode densi- 
ties were  de t e rmined  f rom individual  
plots, and were based on samples consist- 
ing of  10 soil cores taken from the plot 
rows, excluding guard rows. Nematodes 
were extracted from 50-g subsamples for 1 
week by the Baermann pan method (20). 

Plant height and fresh green weight, in- 
cluding fruit, were determined on 7 July 
1988. Three  consecutive plants, excluding 
the end plant, were selected at one end of  
a plot row and the height measured from 
soil surface to the top of  the leaf canopy. 

The same three plants were then cut off  at 
the soil surface and weighed. 

The maturity rating was an adaptation 
of  a method published for field corn (2). 
Heat unit values based on the average of  a 
nonlinear growth response relationship 
for daytime maximum temperature with a 
threshold temperature of  10 C and a linear 
growth response relationship for night- 
time minimum temperature with a thresh- 
old temperature of 4.4 C. The heat unit 
values were accumulated starting from the 
day following transplanting and continu- 
ing through the day on which 15% of the 
fruit 2.5 cm in diameter or larger showed 
red coloration. All plots were then sprayed 
with the ripening agent ethephon (Ethrel) 
at 4.0 liters/ha, and the fruit was harvested 
2-3 weeks later when j u d g e d  to have 
reached optimum ripeness. 

Yield was estimated by hand picking all 
fruit with a diameter/> 2.5 cm from eight 
consecutive plants, excluding end plants, 
from each plot row. The fruit was sorted 
into marketable, green, and defect catego- 
ries and weighed. 

The Agtron color rating and the Brix 
value for each plot were determined on a 
3.0-kg subsample of the marketable fruit. 
The tomatoes were washed and processed 
in a commercial duty blender (Model CB- 
6, Waring Commercial,  New Har t ford ,  
CT) under  a vacuum of  87 kPa for  1 
minute at low speed (15,500 rpm free run- 
ning). The puree was strained through a 
US # 14 mesh screen and 175 ml was trans- 
ferred to a glass petri dish. The reflected 
color was determined on a Agtron Model 
E-5 spectrophotometer (Filper Magnuson, 
Reno, NV). Brix was determined by strain- 
ing approximately 2 ml of  puree through a 
disposable paper  wiper (Kimberly-Clark, 
Mississauga, Ontario) and measuring the 
serum refraction on a Abb6 refractometer 
(Reihert Scientific, Buffalo, NY). 

Nematode count data were subjected to 
a lOgl0 (x + 200) transformation prior to 
analysis using the ANOVA procedure of  
the Statistical Analysis System (19,21). 
Where a significant F-value was found,  
separation of  treatment means was per- 
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formed using a Duncan's multiple-range 
test (6). 

RESULTS 

1987: The nematode population density 
at transplanting averaged 680/kg of  soil in 
the untreated check plots (Table 1). Signif- 
icandy lower population densities were ob- 
served in fumigated treatments compared 
to the nonfumigated check at transplant- 
ing (26 days after fumigation) and at har- 
vest (129 days after fumigation). All fumi- 
gants were equally effective in controlling 
nematode populations. The Telone II and 
Vorlex Plus CP treatments required less 
time to reach the 15% red fruit stage of  
maturity than did the Telone C-17 treat- 
ment in 1987; however, none of  the fumi- 
gated treatments were significantly differ- 
ent f rom the check in maturity rating. 
Green and defect fruit yield, Agtron rat- 
ing, and Brix were not affected by fumi- 
gation treatment. Although not significant 
(P <~ 0.05), the average yield difference be- 
tween fumigated and nonfumigated treat- 
ments was 5.5 t/ha. 

1988: The nematode density at trans- 
planting was 4,760/kg of  soil in the un- 
treated check plots (Table 2). Lower (P ~< 
0.05) population densities were observed 
in the fumigated treatments at transplant- 
ing (19 days after fumigation), at midsea- 
son (53 days after fumigation), and at har- 
vest (125 days after  fumigation).  Both 
plant height and plant weight were lower 
(P <~ 0.05) in the check than in any of  the 
fumigated treatments. Yield of  marketable 
fruit from the treatments fumigated with 
Telone II, Vorlex Plus, and Telone C-17 
were greater (P ~< 0.05) than the check. 
Green and defect fruit yield, Agtron rat- 
ing, and Brix were not affected by fumi- 
gation treatments. The average yield in- 
crease of  fumiga ted  vs. nonfumiga ted  
treatments was 12.7 t/ha. 

DISCUSSION 

In this study, densities of  P. penetrans in 
the spring were inconsistent from year to 
year, even within the confines of  a 1.6-ha 
field plot area. Thus,  high P. penetrans 

populations in the previous year and the 
presence of  a good host crop such as win- 
ter rye or tomato do not guarantee high 
nematode popu la t ions  in the following 
year. Previous work at this site monitoring 
nematode populations in a rye-tobacco ro- 
tation indicated that early spring popula- 
tions of  P. penetrans typically range be- 
tween 500 to 8,000/kg soil (3,4,10,11). 

The results of  this field trial both sup- 
port and confirm the observations made 
by Potter and Olthof in their clay tile mi- 
croplot study conducted in 1977 (16). The 
effect of  root-lesion nematodes at a density 
of  680/kg of  soil at time of  transplanting 
was not found to have a significant effect 
on yield at P ~< 0.05. However, with a high 
value crop such as tomatoes, a small in- 
crease in yield, even though not significant 
at P <~ 0.05, can be economically viable at 
the farm level (1). The economic benefit of  
fumigation (yield increase minus cost o f  
fumigant) based on 1987 values for paste 
tomatoes  ($108/t)  and the two least- 
expensive fumigant materials, Telone II 
($3.12/liter) and Vorlex Plus ($7.58/liter), 
was $1,073/ha and - $417/ha, respectively, 
in 1987. In 1988, at a population density of  
4,760/kg, a significant and positive yield 
response was observed that would have 
more  than compensa ted  a commercial  
grower for the cost of  the fumigation pro- 
cedure. The economic benefit of  fumiga- 
tion in 1988 was $1,494/ha and $1,440/ha 
for Telone II and Vorlex Plus, respec- 
tively. 

The considerable variability in numbers 
of P. penetrans from year to year and the 
inconsistent yield response of  the tomato 
crop to fumigation make the decision to 
fumigate difficult at best. In tomato fields 
that consistently show low crop vigor and 
depressed yields, P. penetrans densities 
should be determined.  I f  densities are 
greater than 4,000/kg, then fumigation is 
warranted and will probably produce a net 
economic benefit to the grower. However, 
at population levels between 680/kg and 
4,000/kg of  soil, the net economic benefit is 
likely to be somewhat smaller and probably 
more inconsistent. 



TABLE 1. Effect of  fumigation on populations o f  Pratylenchus penetrans and on yield and quality of  paste tomatoes in 1987. 

Yield (t/ha) 

P. penetrans in soil (no./kg):~ Marketable Nonmarketable 
Rate of Maturity 

fumigation Before Trans- rating 
Treatmentt (mFm) fumigation planting Harvest (CHU)§ Red Green Defect Agtron II Brix* 

Telone II  8.5 560 0 b 200 b 1,954 b 80.3 0.8 14.2 27 4.9 
Vorlex Plus 3.5 560 5 b 120 b 2,016 ab 66.5 1.3 14.3 25 4.9 
Telone C-17 8.5 560 0 b 1,600 b 2,062 a 71.2 3.6 16.3 26 5.0 
Vorlex Plus CP 5.5 560 0 b 20 b 1,954 b 77.4 2.8 14.9 25 5.0 
Check 0 560 680 a 2,370 a 2,018 ab 68.4 2.1 13.9 26 5.0 

g~ 

~q 
o 

All values are means of four replications. Means within columns followed by the same letter are not different at P ~ 0.05 according to Duncan's multiple-range test; letters 
omitted when no significant differences exist. 

t Telone II = 94% 1,3-dichloropropene; Vorlex Plus = 20% methyl isothiocyanate + 40% 1,3-dichloropropene and Cs hydrocarbons; Telone C-17 = 78% 1,3- 
dichloropropene + 1615% chloropicrin; Vorlex Plus CP = 17% methyl isothiocyanate + 34% 1,3-dichloropropene and C 3 hydrocarbons + 15% chloropicrin. 

:~ Nematode count data were transformed by loglo (x + 200) prior to statistical analysis; nontransformed means are reported. 
§ CHU = Corn heat units, according to Brown (2). 
II Agtron color reflectance ratings as determined by spectrophotometry. 
* Brix value is the serum refraction of filtered tomato puree. 
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TABLE 2. Effect of  fumigation on populations of  Pratylenchus penetrans and on yield and quality of  paste tomatoes in 1988. 

P. penetrans in soil (no./kg)$ Yield (t/ha) 

Rate of Plant Plant Maturity Marketable Nonmarketable 
fumigation Before Trans- Mid- height weight rating 

Treatmentt (ml/m) fumigation planting season Harvest (cm) (g) (CHU)§ Red Green Defect Agtron II Brix* 

Telone II  8.5 6,380 140 b 130 b 1,580 bc 37 a 226 a 1,972 66.3 a 0.5 4.4 23 4.8 
Vorlex Plus 3.5 11,160 330 b 300 b 530 c 33 b 183 ab 2,010 65.8 a 0.4 3.8 22 5.0 
Telone C-17 8.5 10,600 60 b 140 b 4,270 b 33 b 131 bc 2,034 63.4 a 0.4 3.5 23 5.0 
Vorlex Plus CP 5.5 9,980 40 b 170 b 1,680 bc 35 ab 191 ab %060 56.1 ab 2.5 4.0 22 4.9 
Check 0 9,180 4,760 a 5,360 a 15,730 a 26 c 87 c 2,022 50.5 b 0.5 2.5 21 5.2 bo 

All values are means of four replications. Means within columns followed by the same letter are not different at P ~< 0.05 according to Duncan's multiple-range test; letters 
omitted when no significant differences exist. 

"~ Telone I1 = 94% 1,3-dichloropropene; Vorlex Plus = 20% methyl isothiocyanate + 40% 1,3-dichloropropene and C3 hydrocarbons; Telone C-17 = 78% 1,3 
dichloropropene + 16.5% chloropicrin; Vorlex Plus CP = 17% methyl isothiocyanate + 34% 1,3-dichloropropene and C 3 hydrocarbons + 15% chloropicrin. 

z~ Nematode count data were transformed by loglo (x + 200) prior to statistical analysis; noutransformed means are reported. 
§ CHU = Corn heat units, according to Brown (2). 
II Agtron color reflectance ratings as determined by spectrophotometry. 
* Brix value is the serum refraction of filtered tomato puree. 
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