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Reduction of Phytoparasitic Nematodes on Tomato by Soil 
Solarization and Genotype 1 

D. O. CHELLEMI, 2 S. M. OLSON, 2 J. W. SCOTT, 3 D.J.  MITCHELL, 4 AND R. McSORLEY 5 

Abstract: The effects of soil solarization and tomato (Lycopersicon esculentum) genotype on popula- 
tions of  plant-parasitic nematodes and bacterial wilt were examined in North Florida. Maximum soil 
temperatures achieved under solarization treatments using a photoselective polyethylene mulch 
were 49.5, 46, and 40.5 C at depths of 5, 15, and 25 cm, respectively. Soil solarizadon reduced (P < 
0.05) populations of Paratrichodorus minor, Rotylenchulus reniformis, and Criconemella spp. 85 days after 
transplanting on the cultivar Solar Set. Soil soIarization reduced (P < 0.10) populations of P. minor, 
R. reniformis, and Criconemella spp. on the breeding line Fla. 7421. Reductions of P. minor and 
Criconemella spp. on Solar Set and Fla. 7421 were similar to those achieved by fumigation with a 67:33 
mixture of methyl bromide and chloropicrin (448 kg/ha). Fla. 7421 reduced (P < 0.10) populations 
of R. reniformis compared with Solar Set. Neither soil solarization nor fumigation reduced the inci- 
dence of bacterial wilt on the susceptible cuhivar Solar Set. This study demonstrates the ability of soil 
solarization to provide season-long control of plant-parasitic nematodes of tomato under a climatic 
regime characterized by periods of abundant rainfall and extended cloud cover. 

Key words: bacterial wilt, Criconemella spp., Helicotylenchus spp., Lycopersicon esculentum, Meloidogyne 
incognita, nematode, Paratrichodorus mino~, Pseudomonas solanacearum, Rotylenchulus reniformis, soil so- 
larization, tomato. 

Chemical fumigants have been widely 
marketed in the United States since World 
War II for the control of  soilborne pests 
(9). Due in part to the effectiveness of 
these materials against a wide range of  or- 
ganisms, their relatively low cost, and their 
ease of  use (18), vegetable production in- 
dustries in the southeastern United States 
have become increasingly dependent  on 
them to manage soilborne pests. Environ- 
mental concerns have created social and 
legislative pressure to remove many agri- 
cultural pesticides from the market, of  
which the most recent example is methyl 
bromide (13). Agricultural industries' reli- 
ance on chemical fumigants coupled with 
potential removal of  these materials from 
the market necessitate evaluation of  alter- 
native, nonchemical approaches for the 
management  of  soilborne pests. 
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Soil solarization is one such approach. 
Solar radiation is used to heat soil beneath 
polyethylene mulch to temperatures detri- 
mental to nematodes and other soilborne 
pests. The benefits of  solar heating be- 
neath a mulch for nematode control were 
first recognized in Hawaii in the early 
1930s (4). In recent field trials, solarization 
has been used most effectively against 
nematodes and other soilborne pests in lo- 
cations with hot and relatively cloudless 
conditions during the solarization period, 
such as Israel (10), California (17), or the 
Lower Rio Grande Valley of  Texas (6). 
Conditions may be less favorable for solar- 
ization in the southeastern United States, 
where the warmest temperatures  occur 
from June to September, coinciding with 
periods of  maximum rainfall and frequent 
cloud cover. Nevertheless, nematode man- 
agement on tomato (Lycopersicon esculen- 
turn) by solarization has potential in south- 
ern Florida, where reductions in popula- 
tions of Paratrichodorus minor and root-knot 
galling by Meloidogyne spp. were reported 
(11,14). In neither study was solarization 
as effective as broad-spectrum fumigation 
in providing season-long suppression of  
plant-parasitic nematodes. 

The objective of  this study was to evalu- 
ate the potential of  soil solarization to pro- 
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vide season-long reductions of  phytopara- 
sitic nematodes and other soilborne pests 
on tomato in northern Florida. Unlike pre- 
vious r epo r t s  f rom sou the rn  Florida,  
which were characterized by subtropical 
conditions, this study was conducted in a 
physiogeographic region more typical of 
those found in the southeastern United 
States. In addition, a photoselective poly- 
ethylene mulch was used to reduce the 
possibi l i ty  o f  weed  g e r m i n a t i o n  and 
growth under  the mulch during periods of 
extended cloud cover. 

MATERIALS AND METHODS 

The experiment was conducted in 1992 
on a commercial tomato farm in Gadsden 
County, Florida. The study site was located 
at 30.3 ° N and 84.4 ° W, or approximately 
285 km northwest of  a previous solariza- 
tion study in Florida (14). The farm had 
been removed from tomato production 
due to a severe epidemic of  bacterial wilt 
(Pseudomonas solanacearum) the preceding 
year. The  soil type was an Orangeburg  
loamy fine sand (Typic Paleudult: Sili- 
ceous, thermic) with a pH of  6.8 and an 
organic carbon content of  4.9%. Soil par- 
ticle analyses ranged from 73-87% sand, 
4-12% silt, and 9-20% clay. Treatments 
were arranged in a randomized complete 
block design, with three replications per 
treatment. Plots were 9 m wide and 30.5 m 
long. Treatments were solarization, fumi- 
gation (448 kg/ha of  a 67:33 combination 
of  methyl bromide + chloropicrin), solar- 
ization plus fumigation, and an untreated 
control. Fumigation treatments were ap- 
plied broadcast with 25 cm-spaced chisels 
at a depth of  20 cm. The plastic mulch 
used in solarization and fumigation treat- 
ments was a 0.025-mm thick, green poly- 
ethylene mulch that selectively blocked 
70-75% of  the incoming photosyntheti- 
cally active radiat ion (AEP Industr ies ,  
Hackensack, N J). Sheets of  mulch were 3 
m wide and sealed together with glue to 
cover the entire 9 m width of  a plot. 

Prior to treatment applications on 19 
June,  the field was deep-plowed and culti- 

vated. Soil moisture was 12% at the time 
treatments were applied. Treatments were 
applied on 19 June.  Plastic mulch was re- 
moved from the fumigation treatment af- 
ter 48 hours and from the solarization 
treatments after 32 days. Hourly changes 
in soil temperature in bare soil and the so- 
larization t rea tments  were monitored at 
depths of  5, 15, and 25 cm with thermo- 
couple sensors. An electronic data logger 
automatically processed and recorded an- 
alog signals from the sensors (Omnidata 
International, Logan, UT). Ambient air 
temperature and daily precipitation totals 
were obtained from the National Weather 
Service Reporting Station 3SSW, located 
approximately 2 km from the experimen- 
tal site. 

Following removal of  the solarization 
film, two raised beds covered by opaque 
polyethylene mulch were immediately pre- 
pared in the center of  each plot. Beds were 
0.9 m wide, 16 m long, and arranged on 
1.8-m centers. Irrigation was provided 
through drip tubing, with separate con- 
nections for each plot to minimize contam- 
ination between plots. Thirty plants each 
of  Solar Set and Fla. 7421 were trans- 
planted into the beds on 7 August with a 
plant spacing of 0.5 m. Solar Set is a hybrid 
cultivar widely used by commercial indus- 
try, and Fla. 7421 is an open-pollinated, 
heat-tolerant breeding line developed for 
tolerance to bacterial wilt. Fertilizer was 
applied as a modified broadcast over the 
area used to make beds at a rate of  218 
kg/ha N, 29 kg/ha P, and 180 kg/ha K. 

Soil samples for nematode analysis were 
collected on 29 October by removing and 
compositing soil cores 2.5-cm and 20 cm 
deep from the root zone of  each of  six 
plants per plot. Nematodes were extracted 
from 100-cm 3 soil subsamples with a mod- 
ified sieving and centrifugation procedure 
(8). In addition, three root  systems re- 
moved from each plot and rated for root- 
knot galling on a 0-5 scale (19), where 0 -- 
0 galls per root system, 1 = 1-2 galls, 2 = 
3-10 galls, 4 = 31-100 galls, and 5 = 
more than 100 galls per root system. 

Nematode data were log-transformed 
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(log10 [x + 1]) and subjected to analysis of 
variance. Where F-tests were significant (P 
<~ 0.10 or P < 0.05), single degree of free- 
dom orthogonal contrasts were computed 
to compare treatment differences. Tem- 
perature data were expressed as the max- 
imum daily temperature achieved at the 
various depths and treatments for each 
day the solarization film was in the field. 

The incidence of  bacterial wilt was mon- 
itored every 2-3 days following transplant- 
ing. Yield information was obtained by 
harvesting all fruit with diameter > 57 mm. 
Fruit was graded as marketable or non- 
marketable using USDA tomato grading 
standards. 

RESULTS 

A total of  15.4 cm of  precipitation was 
received during the 32-day solarization pe- 
riod. Rain events occurred on 14 days. The 
maximum ambient temperature was 35.6 
C, recorded on 12 July. The maximum 
temperatures in bare soil were 40.7, 38.2, 
and 35.6 at depths of 5, 15, and 25 cm, 
respectively (Fig. 1). In the solarized plots, 

the maximum soil temperatures were 49.5, 
46, and 40.5 at depths of 5, 15, and 25 cm, 
respectively. Two periods of intermittent 
temperature reduction from 30 June  to 1 
July and from 14 July to 16 July were ob- 
served. A total of  9.6 cm, 62% of the pre- 
cipitation received during the entire solar- 
ization period, fell during these two peri- 
ods. Al though weed pressure in areas 
sur rounding  the plots was intense, no 
weeds were observed under  the solariza- 
tion film during the 32-day period. 

Soil treatment has a significant effect (P 
< 0.05) on popu la t ions  of  P. minor, 
Criconemella spp., and R. reniformis but not 
Helicotylenchus spp. and M. incognita. To- 
mato genotype had a significant effect (P 
< 0.10) on populations of  R. reniformis, 
with significantly fewer numbers present 
on Fla. 7421 (Table 1). No significant in- 
teractions (P < 0.10) between genotype 
and t rea tment  were observed for  any 
nematode species. 

For Solar Set, solarization significantly 
reduced populations of  P. minor, R. reni- 
formis, and Criconemella spp. below levels 
observed in the control plots but had no 
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FIG. l. Daily maximum temperatures recorded in bare soil and under  the solarization treatments at three 

depths  dur ing  a 32-day solarization period in June-July,  1992. 
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TABLE 1. Effect  o f  solarization, f u m i g a t i o n , t  a n d  
t oma to  g e n o t y p e  on  densi t ies  o f  phytoparas i t i c  n e m a -  
todes  at harvest .  

Nematodes per I00 cm s soil 

Treatment Fta 7421 Solar Set 

Cont ro l  
Solarization + 

f u m i g a t i o n  
Solarization 
Fumiga t i on  

Cont ro l  
Solarization + 

fumiga t ion  
Solarization 
Fumiga t i on  

Paratrichodorus minor 
153.0 149.3 

17.3 16.3 
15.0" 6.0* 
27.7 12.0 

Helicotylenchus spp.  
14.7 2.0 

2.0 0 
0 0 
0 0 
Rotylenchulus reniformis 

186.0 860.7 Cont ro l  
Solarization + 

fumiga t ion  0.3 86.7 
Solarizat ion 50.7*$ 16.3"~ 
Fumiga t i on  0.7 2.3 

Criconemella spp.  
Con t ro l  3.7 3.3 
Solarization + 

fumiga t ion  0 0 
Solarizat ion 0* 0.3* 
Fumiga t ion  0 0 

Data are arithmetic means of three replications. Data anal- 
yses were performed on log-transformed data. Asterisk (*) 
indicates contrast between control and solarization treat- 
ments was significant at P < 0.05. 

t 448 kg/ha of a 67:33 mixture of methyl bromide:chlo- 
ropicrin. 

Contrast between solarization and fumigation treatments 
were significant at P < 0.10. 

control plots. High densities ofM. incognita 
juveniles in soil (299 and 181 per 100 cm 3 
soil on Fla. 7421 and Solar Set, respec- 
tively) were observed in control plots, com- 
pared with densities of  <9 per 100 cm 3 in 
all other treatments. However, the high 
densities were confined mainly to one rep- 
lication, precluding statistical analysis. 

Soil soIarization did not affect the inci- 
dence of bacterial wilt on the susceptible 
cuhivar Solar Set (Fig. 2). Disease inci- 
dence in both the control and solarization 
treatments was 36%. Fumigation reduced 
the incidence of disease to 22%. When fu- 
migation was combined with solarization, 
the incidence of bacterial wilt was further  
reduced to 6%. The incidence of bacterial 
wilt in Fla. 7421 was <4% in the control 
treatment and <2% in all other treatments 
(Fig. 3). 

Yield data are presented from a single 
harvest on 21 October (Table 2). Soil treat- 
ment had a significant effect (P < 0.05) on 
yield of Solar Set. Tomato yields following 
solarization + fumigation and fumigation 
were significantly higher than in control 
plots. Yields from solarization and control 
plots did not differ. No significant differ- 
ences in fruit quali ty,  as determined by 
percentage packout, were observed. Soil 
treatment had no effect on yield or fruit 
quality of Fla. 7421. 

effect on Helicotylenchus spp. (Table 1). 
Similar levels of  performance were ob- 
served for the solarization and fumigation 
treatments, with no significant (P < 0.10) 
contrasts between these treatments ob- 
served for any nematode species. 

For Fla. 7421, solarization significantly 
reduced densities of  P. minor, R. reniformis, 
and Criconemella spp. below levels observed 
in the control (Table 1), but had no effect 
on Helicotylenchus spp. Densities of  R. reni- 
formis were lower (P < 0.10) following fu- 
migation than following solarization, but 
levels of  other nematodes following these 
two treatments were similar. 

Galling from M. incognita was observed 
on only two plants, one Fla. 7421 and one 
Solar Set. Both plants were obtained from 
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DISCUSSION 

Solarization increased temperatures by 
as much as 9, 8, and 5 C over temperatures 
in bare soil at depths of 5, 15, and 25 cm, 
respectively. The daily maximum temper- 
ature range in solarization treatments at 15 
cm was 30--46 C. Although this was not as 
large as the range of 28-52 C reported by 
McSorley and Parrado (11) in southern 
Florida, soil temperatures were approxi- 
mately 4 C higher than those reported by 
Overman (14) and several degrees higher 
than those reported by Heald and Robin- 

TABLE 2. Effect  o f  solarization a n d  fumigat ionT 
on  tomato  yield in plots ha rves ted  21 October  1992. 

Treatment YieldS: Packout 

Solar Set 
Solarization + Fumi ga t i on  21.8" 88% 
Fumiga t i on  18.2 90% 
Solarization 11.6 91% 
Contro l  8.5 93% 

Fla. 7421 
Solarization + Fumiga t ion  18.0 94% 
Solarizat ion 16.4 96% 
Fumiga t i on  14.5 93% 
Contro l  17.3 92% 

T 448 kg/ha of a 67:33 mixture of  methyl bromide: chlo- 
ropicrin, 

:~ Yield measured in metric tons per acre. Packout equals 
the ratio of marketable yield to total yield. Asterisk (*)indi- 
cates contrast between control and combined solarization and 
fumigation treatments was significant at P < 0.05. 

son (6) in the Lower Rio Grande Valley of 
Texas. 

Season-long reductions of R. reniformis 
by solarization were reported on lettuce 
and chickpea in the Lower Rio Grande 
Valley (6), where climatic conditions are 
more typical of those found in arid regions 
of the world. This is the first report of sea- 
son-long control of R. reniformis on tomato 
in the southeastern United States. The soil 
temperatures at 15-crn depths in this study 
were above the threshold of  42.5 C se- 
lected by Heald and Robinson (6) as the 
maximum daily temperature required to 
achieve lethal conditions for R. reniformis. 

Solarization significantly reduced popu- 
lations of  P. minor. This agrees with results 
obtained by Overman (14). Solarization 
also reduced populations of Criconemella 
spp. This is a first report for solarization 
control of C~Jconemella spp. in the south- 
eastern United States. 

Unlike previous reports from southern 
Florida (11,14), the level of nematode pop- 
ulation reduction achieved by solarization 
in our test was similar to that obtained 
from soil fumigation, except in the case of  
R. reniformis on Fla. 7421. 

The  damag ing  effects of  roo t -kno t  
nematodes on tomato are well recognized 
and documented (12). Trichodorid nema- 
todes have been reported to be pathogenic 
to tomato (15). Although less well docu- 
mented, R. reniformis can also cause signif- 
icant reductions in yield of  tomato (5). 

The reduction of R. reniformis by Fla. 
7421 was unexpected because resistance to 
this nematode in tomato has not been re- 
ported previously. Fla. 7421 was devel- 
oped from Hawaii 7997, a tomato breed- 
ing line that is highly resistant to bacterial 
wilt (16). It is not known whether any ge- 
netic linkage exists between resistance to 
bacterial wilt and R. reniformis. 

The large yield differences among treat- 
ments for Solar Set were attributed to the 
influence of bacterial wilt. Yields were sig- 
nificantly lower in the solarization and 
control plots, which also had a much 
higher incidence of bacterial wilt. On Fla. 
7421, soil treatments had no effect on yield. 
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F u m i g a t i o n  w i t h  m e t h y l  b r o m i d e -  
c h l o r o p i c r i n  d o e s  n o t  p r o v i d e  s e a s o n - l o n g  
c o n t r o l  o f  b a c t e r i a l  wil t  o f  t o m a t o  in t h e  
s o u t h e a s t e r n  U n i t e d  S ta t e s  (1). So la r i za -  
t i on  o f  p las t ic  g r e e n h o u s e s  f a i l ed  to  con-  
t ro l  b a c t e r i a l  wil t  o f  t o m a t o  in  J a p a n  (7). 
T h e  e f f ec t  o f  soil  s o l a r i z a t i o n  o n  b a c t e r i a l  
wil t  in  f i e l d - g r o w n  t o m a t o e s  is u n k n o w n .  
N e i t h e r  s o l a r i z a t i o n  n o r  f u m i g a t i o n  p r o -  
v i d e d  s e a s o n - l o n g  c o n t r o l  o f  b a c t e r i a l  wil t  
in  o u r  s tudy .  W h e n  t h e  t r e a t m e n t s  w e r e  
c o m b i n e d ,  t h e  i n c i d e n c e  o f  b a c t e r i a l  wil t  
o n  t h e  s u s c e p t i b l e  c u l t i v a r  was r e d u c e d  to 
levels  o b s e r v e d  o n  t h e  r e s i s t a n t  b r e e d i n g  
l ine.  A syne rg i s t i c  e f f ec t  o f  f u m i g a t i o n  a n d  
s o l a r i z a t i o n  has  b e e n  r e p o r t e d  o n  seve ra l  
s o i l b o r n e  pes t s  (2,3). T h i s  is t h e  f i r s t  r e p o r t  
o f  a syne rg i s t i c  e f f ec t  o n  a s o i l b o r n e  bac te -  
r ia l  d i sease .  

W h i l e  t he  r e su l t s  o b t a i n e d  in  this  s t u d y  
a r e  p r e l i m i n a r y ,  t h e y  i n d i c a t e  t h a t  soil  so- 
l a r i z a t i o n ,  e v e n  w h e n  i n t e r r u p t e d  by  c l o u d  
c o v e r  a n d  r a in fa l l ,  c a n  p r o v i d e  s e a s o n - l o n g  
s u p p r e s s i o n  o f  p l a n t - p a t h o g e n i c  n e m a -  
t o d e s  in  t h e  s o u t h e a s t e r n  U n i t e d  States .  
A d d i t i o n a l  s t u d i e s  will  b e  c o n d u c t e d  to  
e v a l u a t e  a n d  i m p r o v e  t h e  p o t e n t i a l  o f  soil 
s o l a r i z a t i o n  as a n o n c h e m i c a l  a p p r o a c h  fo r  
m a n a g i n g  s o i l b o r n e  pes ts ,  i n c l u d i n g  n e m a -  
todes .  
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